SUPPLEMENTAL MATERIALS:
This document contains:
•
•
•
•
•
•

Sample homework assignments (guided sketch prompts) with video links
Sample sketches developed in lecture
Sample printouts of a sketches given to students as reference guides to supplement
videos and lecture
Script for semistructured think-aloud interviews
Consent Form
Free Response Exam Questions

Sample Homework Assignments:
Gene Activation - (September 4, Development Day 1)
Videos to Watch:

1. "Gene Activation
Problems": https://www.youtube.com/watch?v=F5h5gvyJtnM&index=2&list=PLcDlyKrSnIQAGsHZv7jQSeWCfYAw9jcDO
2. "Development 1 Polarity Segmentation Hox. 9.8.2017" (~ 14 min)
https://www.youtube.com/watch?v=0FFBcN9daN4&list=PLcDlyKrSnIQDCakVv9NUeNkQOPLAygDU2

Using the posted notes & videos, upload:
1. FOR GENE ACTIVATION PROBLEMS: Sketch (or several sketches) showing how a signal from outside the
cell (such as a chemical) can cause the expression of a gene (call it X) but the repression of another gene (call it
Y). Protein X should be a transcription factor that induces expression of other genes (Q and R) that begin the
process of developing a structure such as a hand. Show the action of Protein X binding to enhancers for Q and for R,
and show gene expression to produce protein Q.
2. For the video "DEVELOPMENT 1 POLARITY SEGMENTATION HOX": Sketch (or sketches) showing how
ONLY a particular cell or cells -- a cell or cells in the posterior and ventral portion of the second segment of an
animal -- will express a particular gene. (Call the gene and the expressed protein “G”). (Protein G should be a
transcription factor that induces expression of other genes (M and N) that begin the process of producing ventral
structures (such as a gill) in the posterior part of the second segment. Show the action of Protein G binding to
enhancers for M and for N, but you don’t need to show gene expression for M & N.

Action Potential - Nervous System Day 2 (Oct 11)
Videos to watch:
1. “AP3 Voltage gated Sodium Channels First half of an Action Potential” (3.5 min)
https://www.youtube.com/watch?v=_9PaIaihEgU&index=4&list=PLcDlyKrSnIQCfBwq7Lw8JnQ1P4Afjdu0r
2.
“AP4 Voltage gated Potassium Channels Second half of an Action Potential” (4 min)
https://www.youtube.com/watch?v=d7Wru3MhiNQ&list=PLcDlyKrSnIQCfBwq7Lw8JnQ1P4Afjdu0r&index=5
3. “AP5 Action Potential Recovery after undershoot and Refractory Period” (4.5 min)
https://www.youtube.com/watch?v=0KdmxRXGCMU&index=6&list=PLcDlyKrSnIQCfBwq7Lw8JnQ1P4Afjdu0r
3. “AP6 Action Potential Overview” (4 min)
https://www.youtube.com/watch?v=M_Ve954nkZE&list=PLcDlyKrSnIQCfBwq7Lw8JnQ1P4Afjdu0r&index=7
4. “AP7 Action Potential Overview with Channel changes” (6.4 min)
https://www.youtube.com/watch?v=1HCDoL6KRu8&list=PLcDlyKrSnIQCfBwq7Lw8JnQ1P4Afjdu0r&index=8

Using the posted notes & videos, upload:
1. Sketch the events just before an action potential and in the first half of an action potential.
2. Sketch the events of the second half of an action potential.
3. Sketch the action potential return from the ‘undershoot’ of -80 mV to -70 mV. Indicate what causes the return to
-70 mV. Show how you KNOW for certain that the Na+/K+ pump does NOT cause the recovery back to -70
mV.
4. Sketch how voltage-gate Na+ channels cause the refractory period (and explain what the refractory period is).
5. Sketch an Action Potential overview, including the trace of the voltage changes over time, and what is
happening at each time point.
Thyroid Hormone System - Endocrine System Day 1 (Oct 27)
Video to watch:
1.“Thyroid Hormones and Metabolism 11 4 2015” (8 min)
https://www.youtube.com/watch?v=U-RI-VduSbE
Upload:
1. Sketch the regulation of TRH secretion from TRH neurons in the brain. Propose a mechanism for a stimulus that
is EITHER (a) glucose binding to a glucose receptor (make it a metabotropic receptor) OR (b) cold acting on
an ionotropic receptor. Receptor binding should then cause AP’s in the TRH neuron resulting in release of
vesicles of TRH near capillaries in the hypothalamus.
2. Sketch a mechanism for a TSH cell in the pituitary gland to bind TRH (make the TRH receptor a metabotropic
receptor), causing release of TSH from the cell. Show TSH binding to a cell in the thyroid gland (have the
TSH-receptor be a metabotropic receptor), causing iodine uptake and production and secretion of T3 and T4.
3. Sketch how T3 (but not T4) could cause a cell that has TH-receptors to bind as an enhancer to genes A and B, but
as a repressor to genes C & D. Show how a nearby cell could take in T4 using a T4 transporter, convert it to
active T3, and release it to increase the metabolic rate of a nearby cell.
4. Sketch negative feedback of T4 on TRH neurons. Show T4 might inhibit secretion of TRH from TRH
neurons. (Show which kind of ion channel would be opened or closed.)
5. Sketch a cell that does not express Thyroid receptors. Show how T3 might enter that cell, but have no effect
whatever.
Endocrine/Thyroid Hormone System Day 3 Class 25 (Nov 1)
Video to watch:
No New Video
Upload. (FOR #1, 2, & 3), please sketch the normal situation, and then mark your sketch to show the changes)
1. Imagine a mammal that has a diet that is low in iodine. Sketch how this deficiency would affect the amounts of
T4, active T3, reverse T3, T2, TRH, and TSH. (Hint: Start by showing the effect on cells in the thyroid gland
and their production of thyroid hormones.)
2. Imagine an adult human who has low thyroid hormone levels (low T3). He is taking thyroid hormone as a
medication. This adult develops a serious kidney infection, and the kidneys are now processing only 1/3 the
normal amount of fluid to remove waste. Should this person continue taking their thyroid hormone at the
dosage and on the same time schedule? Sketch what would happen if they did continue.
3. An individual human has a mutation in the regulatory region of the transporter that moves T4 into TRH
neurons. The mutation causes a lower metabolic rate. Explain how a regulatory region mutation in the T4
transporter could have this effect. Predict how the mutation would affect all of the thyroid hormones (TRH,
TSH, T4, T3, reverse T3, and T2).
4. One of the common treatments for “Hyperthyroidism” (overactive thyroid) is to have the thyroid gland
removed. One outcome is that the person must take thyroid hormone from that time onward. Taking a dose of
T4 once per day is a better treatment than taking a dose of T3 once per day. The dose of T3 causes a rapid rise
in metabolic rate (and often a rapid heart beat), followed by a fairly fast decline in metabolic rate. The dose of

T4 causes a slow rise in metabolic rate, which never reaches as high a rate, followed by a very slow decline in
metabolic rate. Propose an explanation for this difference.

Sample Lecture Sketches:
Supplementary Figure 1: In-Class Sketch construction of excretion and
kidney function (Day 2, excretion)

Supplementary Figure 2: In-Class sketches drawn for the Reproduction Cycle

Supplementary Figure 3: Printout of the Reproductive Cycle sketch given to
students for reference.

Supplementary Figure 4: PDF Printout of the Thyroid Hormone Sketches given to
students for reference and summary. This four-page document contained
sketches and material covered in class and in assigned videos. Two pages
contain sketches and two pages contain text helping explain the sketches.

Interview Script:
This script was revised from a longer version to accommodate time constraints and better
focus on research goals (See methods).
_____________________________________________________________________________
Introduction: (Read if a student is at an interview session for the first time)
Interviewer: So the goal of this research is to better understand how students solve problems,
understanding the mental processes that are happening. So I'll be asking you to describe what was
happening in your mind when you looked at the problems as best you can. I won't be able to say anything
to lead you to think your answers are good or bad, and I also don't really have a good sense for what that
is. So I'll just be saying things like "Thank you," "Alright let's move to the next question," or "Okay,
thank you." This session is audio recorded so at the end of the experiment we can use this in our analysis,
but the audio will only be used for this research and won't be shared with anyone. At the end of the
session I'll take pictures of the exam pages that we go through and then we'll be done.
Do you have any questions?
Remember that for any question that I ask, you are more than welcome to answer, "I don't know," "I don't
remember," "I'm not sure what you're asking," or choose not to answer. There's no right or wrong answer,
and it doesn't matter if your thought process was correct or if it was incorrect. The goal is just to try and
understand how you were thinking through the problem.
Revised Script for Interviews Following Exams 2 and 3
Goals for interviewer to keep in mind:
• Do students do better on exam questions they used sketches to learn a concept with?
o Do they use it to learn/study with?
o Does the image come to mind when asked a problem?
• Do they use the image as a model/problem solving tool?
• Can we distinguish between mental image versus mental model?
So just as before, we will be going over the questions on the exam, and for each question I will ask you to
re-read the question to yourself, and ask you to describe to me what comes to mind first and what your
thought process was when you were reading and solving the problem. Again, it doesn’t matter whether
or not your thought process was correct, and it’s okay to say “I don’t know”

1. What is the first thing that comes to mind when you read this problem?
a. image/words
b. motion?

2. How do you solve the problem? Talk me through your thought process.
3. How did you study for this?
i.Sketch?
ii.Practiced sketch?
iii.How many times?
iv. Passive copying or from memory?
4. If sketch on exam: does it look like something you have drawn before?
.
Why do you draw on the exam?
5. Practice problem like this before?
Is there a question that you remember as being very difficult on the exam?
• What was confusing?
• Can you explain to me what you do understand about this?
• How did this come up in your studying?
For Exam 2 Only: Can you briefly explain to me an action potential? Walk me through the basic steps of
what happens. It is okay if you repeat what you have already said, because we will be looking at the
answers individually. (Offer paper if student indicates they want to draw it) Alternatively, can you explain
to me how the sodium/potassium pump works? Why is it important?
For Exam 3 Only:
Did you feel like you knew what to study for this exam?
How many hours a week do you typically work on this class outside of class time?
_______________________________________________________________________________

Consent Form:
The College of
WILLIAM & MARY
Department of Biology
Williamsburg, VA 23187
Spring 2017

Dear Students,

Thank you for your interest in our research experiment on learning. If you agree to participate, you
will first take a short Qualtrics survey. Following the each of the three class midterms, you will have
the opportunity to sign up for an “interview” session. In each session, which will last about 30 minutes
(no more than 40), the experimenter will ask you to talk through your thought process for some of the
exam questions; please note that it makes no difference whether your answers were correct or not,

we encourage all students to participate. Each session will be video-recorded for later analysis by the
researchers.

Before analyzing any of the materials, your name will be converted to a number code. Your specific
responses will not be shared with others in association with your name or with identifying information.
Only the interviewer will view the the video sessions. Identifying information will be kept confidential
only the interviewer. Transcripts of the interviews will be identified only by a randomly chosen project
number. Videos will be saved in password-protected files (file names with an experimental ID number,
but no identifying information). The passwords will be known only to the interviewer (Hauge). After
the interview videos have been reviewed and transcribed, they will be deleted. The instructor for the
course will not know which students choose to participate in this study, and will not see the data until
after the final grades are submitted at the end of the semester.
We will provide a copy of the final results to individual participants who request a copy. Your
participation is completely optional and you may opt out of the research at any point without any
consequences. You will receive compensation of 8$ for each interview session you register for and
attend, and an additional 8$ amount if you complete all three sessions and a follow up survey.

If you have any concerns about the research process you may contact the Chair of the Protection of
Human Subjects Committee, Dr. Jennifer A. Stevens (jastev@wm.edu, 757-221-3862).
Please contact Emily Hauge at 703-772-5148 or Professor Heideman at 757-221-2239 or
pdheid@wm.edu if you have questions. Thank you!
Paul D. Heideman
Boles-Ash Distinguished Professor of Biology, College of William & Mary
Student: I, ________________________, agree to participate in this experiment on learning. I
understand that I may opt out of the test at any time without penalty.
Signature & Date: ___________________________________

THIS PROJECT WAS APPROVED BY THE COLLEGE OF WILLIAM AND MARY PROTECTION OF HUMAN
SUBJECTS COMMITTEE (Phone 757-221-3966) ON 2017-09-18 AND EXPIRES ON 2018-09-18.

Free Reponses Problems from Exams 1 and 2 with sample high-scoring student answers:
(Reproductive and Thyroid Hormone problems are included in the thesis, see Thesis,
Figure 7)
Supplementary Figure 5a: Gene Activation, Exam 1 (Student 13)

Supplementary Figure 5b: Action Potential Problems, #19 and #20 (Student 23)

