

Exam 1 – PSYC 304 (Summer 2026)


General comments on marking: 

Take into account how students perform relative to one another. We should aim for an overall average of about 70%.

Please mark to the half point and do not fractionate any smaller. If in doubt, round up or down to the nearest half point. I will adjust as needed before I post to Canvas.

Students may have answers that are reasonable but differ from what I have indicated here. I know that you both are extremely intelligent and resourceful, so you can first use your expert judgement and/or do a bit of light reading/research to assess the appropriateness of their answers. If you have any doubt, shoot me a screenshot and I will get right back to you.


Exam questions:

Question 1:  You are a neurophysiologist who studies the activity of glutamatergic cells in the hippocampus and their relationship to memory. You conduct your work exclusively in animal models and publish much of it in the form of pure experimental studies. 

a) Describe the two methodologies you used to record the electrophysiological characteristics of both individual neurons and larger populations of neurons in the hippocampus. What approach would you use to ensure your electrodes accurately target the hippocampus and that the cells in the targeted area were glutamatergic? How might the intraventricular administration of a drug that blocks sodium channels affect what you observe in your recordings and why? How would you determine if your drug challenge affects the release of neurotransmitters and what neurotransmitter would predict to be affected? Using a task we discussed in class, how would you determine if the drug challenge affects spatial memory? Give both the name and procedural details of the memory test (15 pts).

I would use extracellular unit recordings to record from individual neurons and multiple-unit recordings to record from larger populations (2 pts). The electrode would be inserted using stereotaxic surgery (1 pt) and confirm by looking at stained slices of the brain (1) to ensure accurate targeting. To ensure the electrodes were in glutamatergic cells I would conduct immunohisto/cytochemistry and/or in situ hybridization (1 pt for either or) to stain for glutamate receptors or transporters or some other glutamate-associated protein (1 pt;  To say they would stain for glutamate itself incorrect. ICC does not work for small molecules). Blocking sodium channels would reduce the number of action potentials (1 pt) because sodium channels are required for the depolarization phase (1 pt). I would use microdialysis to see if infusing the drug changed the amount of glutamate released (1 pt).  I would use the Morris Water Maze (1). The student could take two groups of rats and give one group the drug (1) and the other the vehicle (1). The rats would then be placed in the water maze and challenged to find the hidden platform (1). If the drug effects memory, the drug-treated group should find the maze at a different rate than the vehicle-treated group (2). A within-subjects design would also be acceptable (i.e., they test the same animals after vehicle and after drug).

c) You now want to understand how your findings can be applied to humans, what is the name of this approach (1pt)? 

Translational research (1 pt).

d) You recruit a team of cognitive neuroscientists to conduct a memory study in human beings. This group uses a battery of generic memory tasks to assess word recall in students identifying as females and males. How could they assess hippocampal activity during word recall?  What would be the independent and dependent variables in their study? What are some confounding variables? Explain how your study design could be considered correlational (8 pts).

They would use fMRI (or maybe PET, provided they talk about he radioligand) (1) to assess activity in the hippocampus (1) by quantifying the BOLD signal change (1) during different phases of the word recall task (1). This study would not have an independent or dependent variable, because neither word recall or BOLD signal is manipulated (2). As such, the study is correlational (1). Any reasonable confounds would be fine. I trust your judgement (1).

e) You also recruit a team of neuropsychologists. How would they assess the role of the hippocampus in memory (3 pts)? 

The neuropsychologists would recruit patients with damage to the hippocampus (1.5) and study the impact of this damage on memory (1.5). 

Question 2:  As he becomes too immersed in his niche research, your instructor is rapidly losing touch of reality and sometimes says things that sound correct but are actually nonsense. Please help him by rewriting the following paragraphs in a more correct form. 

a) Motor tracts projecting into the dorsal horn of the spinal cord are myelinated by ependymal cells; their speed of transmission is, therefore, slower than that within grey matter. In contrast, the motor nerves projecting into the cauda equina of the spinal cord are translated by Schwann cells, thereby decreasing their speed of transmission, relative to that of the pia matter (6 pts).  

Sensory (0.5) nerves (0.5) projecting into the dorsal horn of the spinal cord are myelinated by schwann (1) cells; their speed of transmission is, therefore, faster (0.5) than that within grey matter. In contrast, the motor nerves projecting into the ventral horn (1) of the spinal cord are mylenated (1) by Schwann cells, thereby increasing (0.5) their speed of transmission, relative to that of unmyelinated (0.5) nerves (0.5).

b) The old-time neurosurgeon is about to perform a transorbital lobotomy (i.e., the one that enters through the eye socket). The first meningeal layer she pierces with her leucetome is the pia matter, which is the toughest of the six layers. Pushing the device in perpendicular to the roof of the mouth, she moves gradually along the medial-lateral axis of the brain, first contacting the posterior aspect of the temporal lobe. She mistakenly punctures a ventricle, causing a small leak of blood plasma, but all is not lost, because this fluid can be replenished by the microglia that line the ventricle.  The surgeon finalizes the procedure by removing her instrument and notices the device and examines some of the brain tissue stuck to it. The tissue seemed fatty and to repel water, causing her to conclude that the tissue must be vesiculated and therefore comprised of nerves that conduct action potentials slowly (8 pts). 

The old-time neurosurgeon is about to perform a transorbital lobotomy (i.e., the one that enters through the eye socket). The first meningeal layer she pierces with her ice pick (0.5) is the dura matter (1), which is the toughest of the six layers. Pushing the device in parallel (0.5) to the roof of the mouth, she moves gradually along the anterior-posterior (1) axis of the brain, first contacting the anterior (0.5) aspect of the frontal lobe (1). She mistakenly punctures a ventricle, causing a small leak of cerebrospinal fluid (1), but all is not lost, because this fluid can be replenished by the ependymal cells (1) that line the ventricle.  The surgeon finalizes the procedure by removing her instrument and notices the device and examines some of the brain tissue stuck to it. The tissue seemed fatty and to repel water, causing her to conclude that the tissue must be mylenated (0.5) and therefore comprised of tracts (0.5) that conduct action potentials rapidly (0.5).

c) Dendritic spines send information to other neurons via chemical transmission through gap
junctions. On the post-synaptic cell, neurotransmitters can either act on exactotropic or
chemotropic receptors to cause slow or fast signalling, respectively. Excess
neurotransmitters are removed from the gap junction by macrophages or monocytes. When
the inhibitory post-synaptic potential reaches sufficient magnitude, the post-synaptic cell
repolarizes, causing an action potential. When the action potential reaches the axon
terminals of the post-synaptic cell, voltage-gated magnesium channels open, causing the
endocytosis of the mitochondria that contain neurotransmitters. The creation of the
proteins involved in all of the above processes started with the unravelling of polypeptides,
which are stored in the nucleus. The polypeptides are then converted to DNA by
mitochondria, in a process known as transcription. Via a process known as translation,
ribosomes then produce a double-stranded mRNA chain comprised of cells. The final
product of this process is shuttled along microtubules into the axon terminal for excretion
by hydrocephalus (10 pts). 

Axon terminals/boutons 0.5) send information to other neurons via chemical transmission through synapses (0.5). On the post-synaptic cell, neurotransmitters can either act on metabotropic (0.5) or ionotropic (0.5) receptors to cause slow or fast signalling, respectively. Excess neurotransmitters are removed from the synapses (0.5) by enzymatic degradation (0.5) or reuptake transporters (0.5). When the excitatory (0.5) post-synaptic potential reaches sufficient magnitude, the post-synaptic cell depolarizes (0.5), causing an action potential. When the action potential reaches the axon terminals of the post-synaptic cell, voltage-gated calcium (0.5) channels open, causing the exocytosis (0.5) of the vesicles (0.5) that contain neurotransmitters. The creation of the proteins involved in all of the above processes started with the unravelling of DNA (0.5), which are stored in the nucleus. The DNA (0.5) are then converted to mRNA (0.5) by RNA polymerase (1), in a process known as transcription. Via a process known as translation, ribosomes then produce a polypeptide (0.5) chain comprised of amino acids (0.5). The final product of this process is shuttled along microtubules into the axon terminal for excretion by exocytosis (0.5).

Question 3: You have synthesized a new drug called GliaGone™, which is supposed to decrease the number of glial cells in the brain. Based on our in-class discussion of the function of glia, what deficits would you expect to observe following administration of this drug? You want to test how effective GliaGone™ is at increasing the expression of sodium channels in the brain at the mRNA and protein level; describe how you would do this in post mortem brain tissue. Propose a way that could stimulate one type of these glial cells to restore GliaGone™-induced deficits in ventricular pressure. What side effect might occur if too much stimulation is used. Explain the biological principles behind each method you choose (20 pts). (20 pts).  

Students should identify 4 types of glia and one dysfunction arising from their respective disruption (8 pts): 

1. Astrocytes – disruption in BBB function
2. Microglia – disruption in brain immunity or pruning
3. Ependymal cells – disruptions of aCSF production
4. Oligodendrocytes – disruption in mylenation in the CNS

Protein level: You would use immunohistochemistry to stain for both glial cells and sodium channels (3pts).
mRNA level: You would use in situ hybridization or RNAScope to probe for RNAs that mark glia and those that code for sodium channels (3pts). 
They should describe that they would kill the animal after administering the drug and then apply the assays (1pt)

You could use opto- or chemogenetics to selectively enhance the activity of ependymal cells, which would increase their production of aCSF and stimulate with laser light or CNO (4 pts). Hydrocephalus could arise from this manipulation (1 pt). 

Question 4: Find Ali Mohebi, Val L Collins, Joshua D Berke (2023). Accumbens cholinergic interneurons dynamically promote dopamine release and enable motivation eLife 12:e85011 on Google Scholar. Peiying – can you please make this paper available to them on Canvas. Sometimes they have trouble finding it themselves online. Make sure they can easily access it and/or give them instructions if they have to navigate outside the exam interface.

a) In the abstract and paragraphs 2 and 3 of the introduction, the authors describe two different mechanisms that cause dopamine release from dopamine neurons. Using your own words, describe both mechanisms in detail. Be sure to include the cell types, brain regions, neurotransmitters, receptor types, which part(s) of the dopamine neuron the mechanism involves, and where the action potentials happen (5 pts).

Mechanism 1:  Action potentials originating in the ventral tegmental area (VTA) propagate from the cell body (located in the VTA) and travel down the axon and into the axon terminal of the dopamine neuron, which is in the Nucleus Accumbens (NAc). This causes the release of dopamine into the NAc.
Mechanism 2:  Cholinergic interneurons (CINs) located in the NAc release the neurotransmitter acetylcholine from their axon terminals. This acetylcholine binds nicotinic acetylcholine receptors on the axons of dopamine neurons located in the NAc, causing action potentials to happen on the axon and propagate to the axon terminals. The end result is the release of dopamine into the NAc. 
Comment to TAs: Look at the paper. If their answers are verbatim, penalize them. If the mechanisms go into detail beyond that featured in the paper, make a note in the grading comments that asks them whether they used AI.

Refer to Figure 4 of the paper:

b) What does the array of small circles in Panel A of the figure represent? What route of drug delivery is implied here? What device is used to deliver the drug? What is the purpose of this figure (3 pts)?

The dots represent where in the brain the drug was delivered. The route of drug delivery implied here is intracranial. The device used is a cannula. The purpose of this figure is to demonstrate the cannula was correctly placed in the brain and therefore the drug was delivered to the correct place in the brain.  

c) On the x-axis of Panel B, VEH refers to no drug being delivered (i.e., the control). DHβE is an antagonist of nicotinic acetylcholine receptors on dopamine neurons. 15ug and 30ug refer to a low and high dose of DHβE, respectively. FLU is an antagonist of all dopamine receptors (i.e., it blocks the activity of dopamine). What is the effect of DHβE on performance in the Bandit Task? Is the effect of DHβE dose-dependent? Is performance on the Bandit Task dopamine-dependent, and if so, how do you know? Does higher or lower activity of dopamine increase the number of trials completed on the Bandit task? Why? (4pts)?

At the high dose (but not the low dose) DHβE reduces the number of trials completed on the Bandit Task, so yes, the effect of DHβE is dose-dependent. Yes, performance on the Bandit Task is dopamine-dependent because blocking nicotinic acetylcholine receptors on dopamine neurons should prevent ACh from CINs acting to decrease dopamine release. Also, blocking all dopamine receptors decreases the trials completed on the task. Higher activity of dopamine increases trials completed on the task because a) DHβE decreases dopamine release and also decreases trials completed on the task and b) blocking all dopamine activity with FLU dramatically decreases trials completed on the task.

Question 5:  Your instructor is tired of reviewers at academic journals not fully reading his work. He therefore writes utter nonsense to mess with them. Explain what is wrong with the following passages. Explain why it is wrong and rewrite them in a more correct form (10 pts; 5 pts each). Explanation of what is wrong is in the comments. While marking last time, I noticed that the rewrites were quite variable, so I will let you judge if it is appropriate. In many of these answers, the why is implicit in making the correction, but in some of the comments I have given more in-depth why explanations, which I expect the students to give for full marks. Make sure to reward the students who give particularly insightful and comprehensive explanations. Those that give the bare minimum should not score perfectly.

a) 	Photoreceptors are located at the front of the eyeball, and directly behind them are the retinal ganglion cells. Photoreceptors called rods mediate scotopic vision and those called cones mediate photopic vision. Input from cones is highly convergent, whereas that from rods is minimally convergent. 	Comment by Tristan Hynes: Photoreceptors are located in the BACK of the eyeball.	Comment by Tristan Hynes: in front	Comment by Tristan Hynes: While the retinal ganglion cells are in front of the photoreceptors, thery are not directly in front. The amicrine and bipoar cells are closer to the photoreceptors, going from the back to the front of the eyeball. 	Comment by Tristan Hynes: Minimally convergent	Comment by Tristan Hynes: Highly convergent.
Regarding the scotopic cones, visible light bleaches a pigment called melanopsin and causes a massive release of glutamate from sodium channels. The information coded by the photopic system is carried to magnocellular layers of the medial geniculate nucleus of the thalamus. From the thalamus, the visual information ascends tonotopically to the lower layer IV of the primary visual cortex. Hubel and Wiesel recorded the cortical activity from this input to the primary visual cortex in goats using magnetic resonance imaging; they revealed binocular receptive fields that did not respond to contrast but rather to diffuse light.	Comment by Tristan Hynes: scotopic rods	Comment by Tristan Hynes: rhodopsin	Comment by Tristan Hynes: reduction in the release	Comment by Tristan Hynes: the synaptic terminal via exocytosis.	Comment by Tristan Hynes: Two options here: scotopic system is carreid to magnocellular layers OR photopic system is carried to parvocellular layers.	Comment by Tristan Hynes: lateral	Comment by Tristan Hynes: retinotopically	Comment by Tristan Hynes: cats	Comment by Tristan Hynes: extracellular electrophysiology	Comment by Tristan Hynes: monocular	Comment by Tristan Hynes: responded best to contrast, compared to diffuse light.
In higher-order visual processing cortices, things get a little more complicated. For example, people with damage to the dorsal aspect of their cerebral cortex have trouble naming objects. In contrast, people with damage to ventral regions do not believe in God.  	Comment by Tristan Hynes: grasping for or physically interacting with	Comment by Tristan Hynes: have trouble naming objects.

Question 6: You are working as a neurologist in a busy hospital when a patients comes into the emergency room with the following clinical symptoms (8 pts):

Mr Suarez has no problem walking himself into the hospital and carrying on a normal conversation with the staff. However, when you asked him to pick up a pen and sign the consent form for diagnostic tests, he was unable to do so on command. What is the name of his possible condition? What kind of imaging would you perform to assess the damage and in what part of the brain would you look first (3pts)?

The name of the condition is “apraxia” which is the inability to perform actions on command. You would perform PET or MRI and look at the posterior parietal cortex.

Question 7: Explain how the perception of lines at a specific angle is hierarchically coded. Focus on all levels of the visual system required for the process (3 pts).

In the retina, on-centre Ganglion Cells are specialized retinal neurons that respond to points of light. When at least three adjacent on-centre ganglion cells are activated, this is the beginning of line detection. These three cells will converge onto a magnocellular cell of the lateral geniculate nucleus of the thalamus which codes the presence of a line but not the orientation. The LGN passes this information to the simple cells in the primary visual cortex which are tuned to lines of specific orientations and can code the angle of the line.
Question 8: If we pharmacologically paralyzed a person’s extraocular muscles (no saccades or fixations), what would happen to their visual experience of a stationary scene over time, and why (4 pts)?
Without saccades retinal images become stabilized.
Many visual neurons respond primarily to change. So static input leads to adaptation, and portions of the scene would fade or “disappear.”
This shows that continuous eye movements are essential to maintain a stable percept even when the world is still.




