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hallucination-like perception in mice. Science. 2021; DOI: 
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Clinical pharmacology indicates a role for dopaminergic neurotransmission in the 
pathophysiology of hallucinations, defined as perceptions without external stimuli. 
Schmack et al.1 investigated dopaminergic modulation of perception with a clever task 
eliciting “hallucination-like percepts” (HALIPs) in mice. Trials consisted of light flashes 
that, on half of trials, were paired with variable intensity tones against a continuous 
white noise background. Mice reported tone presence or absence by nose-poking one 
of two ports to receive rewards. Responses to anticipated but absent stimuli had 
previously been used to model hallucinations in pre-clinical models. A critical insight by 
Schmack et al. was to deliver rewards at variable latencies, allowing them to estimate 
the mouse’s confidence in false percepts. HALIPs were inferred as high-confidence 
“false alarms” – erroneous tone reporting with an extended wait for unforthcoming 
reward. Errors in which mice mistakenly reported the absence of a present tone were 
captured as “misses.” Sub-anesthetic ketamine administration increased HALIPs, and a 
comparable human task showed correlations between hallucination frequency and high-
confidence false alarms.  
 
The background is a Bayesian model of expected outcomes (Priors) that are updated 
after each trial and may override sensory input. In a formal computational model, 
Schmack et al. distinguished two types of Priors – one for perception and one for 
reward. Strong perceptual vs reward Priors predicted different effects on “false alarms” 
and “misses.” 
 
Schmack et al. assessed dopaminergic neurotransmission in ventral (VS; reward 
region) and posterior striatum (PS; perception region) using GRABDA. GRABDA is a 
conjugate of a human dopamine receptor with a green fluorescent protein (GFP) 
derivative, which fluoresces upon dopamine binding. The investigators measured 
dopamine-induced GRABDA fluorescence on a subsecond timescale through an optical 
fiber implanted in VS or PS (“fiber photometry”). Elevated pre-trial VS dopamine 
corresponded with increased “misses” and HALIPs, consistent with over-riding reward 
expectation - overconfidence in tone absence or presence. Pre-trial PS dopamine 
elevation was associated with decreased misses and increased HALIPs, consistent with 
over-riding perceptual expectation - overconfidence in tone presence. Optogenetic 
stimulation of PS dopamine release confirmed a causal role for PS dopamine in HALIP 
generation. 
 
Pioneering work from Wolfram Schultz and others indicates that stimulus-reward locked 
phasic dopamine release signals reward prediction errors (RPEs) for reinforcement 
learning2.  Recent work indicates that dopaminergic signals also update internal 
representations for motor control3. In contrast to canonical RPE signals, Schmack et al. 
observed gradual pre-trial striatal dopamine increases that signal information about 
Priors. Similarly, VS dopamine “ramps” are associated with reward expectation during 
instrumental tasks4. These data indicate the importance of non-phasic dopaminergic 



signaling and suggest that dopamine has parallel roles across cognitive, motor, and 
sensory domains. 
 
What information does non-phasic dopamine signaling convey across striatal 
subregions? Can these functions be condensed into a single dopamine “law”5? Can 
differences be leveraged to selectively modulate dopaminergic influences across 
behavioral domains? Can motor function be improved without worsening psychosis, and 
vice versa? Schmack et al. provide an essential tool for exploring these questions – a 
model in which mice can be asked reliably if they are “hearing things.” 
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facsimile transmission, pdf/email or other comparable electronic means.  If for any reason any provision of this 
Agreement shall be deemed by a court of competent jurisdiction to be legally invalid or unenforceable, the 
validity, legality and enforceability of the remainder of this Agreement shall not be affected and such 
provision shall be deemed modified to the minimum extent necessary to make such provision consistent with 
applicable law and, in its modified form, such provision shall then be enforceable and enforced.  The parties 
agree to do such further acts and to execute and deliver such additional agreements and instruments from 
time to time as either may at any time reasonably request in order to assure and confirm unto such requesting 
party the rights, powers and remedies conferred in the Agreement.  This Agreement, including any exhibits 
attached hereto, contains the entire agreement and understanding of the parties with respect to the subject 
matter hereof, and supersedes all prior agreements, negotiations, representations and proposals, written and 
oral, relating thereto. 

All Contributors must sign below.  Contributors must check one box except that NIH grantees should 
check both Contributor-owned work and the NIH grantee box.  If your Contribution was written 
during the course of employment, your employer must also sign where indicated. 

Please send your original completed and signed forms by fax or email a scanned copy to the Journal 
production editor.  For production editor contact details please visit the Journal’s online author guidelines.  
Do not send in hard copies of these forms. 

 

[ ] Contributor-owned work         
     Contributor’s signature    Date 
 
             
     Type or print name and title 
 
 
             
     Co-Contributor’s signature   Date 
 

             
     Type or print name and title 

     

 

XXX 4/22/21

Roger L. Albin, MD



[ ] Company/Institution-owned         
   Work (made-for-hire in the  Company or Institution (Employer-for-Hire) Date 
   Course of employment) 
 
             
     Authorized signature of Employer  Date 
 
 
              
     Contributor’s signature    Date 
 
      
           
     Type or print name and title 
 
 

ATTACH ADDITIONAL SIGNATURE PAGES AS NECESSARY 
 
 
 
 

 [ ] U.S. Government work  
Note to U.S. Government Employees 
A contribution prepared by a U.S. federal government employee as part of the employee's official duties, or 
which is an official U.S. Government publication, is called a "U.S. Government work", and is in the public 
domain in the United States. In such case, Paragraph A.1 will not apply but the Contributor must type 
his/her name (in the Contributor's signature line) above. Contributor acknowledges that the Contribution 
will be published in the United States and other countries. If the Contribution was not prepared as part of 
the employee's duties or is not an official U.S. Government publication, it is not a U.S. Government work. 

 
[ ] U.K. Government work (Crown Copyright)   
Note to U.K. Government Employees 
The rights in a contribution prepared by an employee of a UK government department, agency or other 
Crown body as part of his/her official duties, or which is an official government publication, belong to the 
Crown. Contributors must ensure they comply with departmental regulations and submit the appropriate 
authorisation to publish. If your status as a government employee legally prevents you from signing this 
Agreement, please contact the Journal production editor. 
 
[ ] Other  
Including Other Government work or Non-Governmental Organisation work 
Note to Non-U.S., Non-U.K. Government Employees or Non-Governmental Organisation Employees 
If your status as a government or non-governmental organisation employee legally prevents you from 
signing this Agreement, please contact the Journal production editor. 
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The Contributor has received financial and material support for this research and work regardless of date 
from the following sources: 

Name:        

Address:       

Type of support:       

This material will be printed with the published article. 
 
 
In the past year from the date of submission, the Contributor has also received the following support 
unrelated to this research (e.g., grants, advisory boards, employment, consultancies, contracts, honoraria, 
royalties, expert testimony, partnerships, or stock ownership in medically-related fields): 
 
Name:        

Address:       

Type of support:       

This material will be posted on the journal website and may be printed at the Editors’ discretion. 
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