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Abstract‌ ‌ 
The‌ ‌use‌ ‌of‌ ‌robots‌ ‌to‌ ‌help‌ ‌teachers‌‌to‌‌engage‌‌students‌‌in‌‌STEM‌‌subjects‌‌has‌‌been‌‌increasing‌‌in‌‌                                 
recent‌ ‌years,‌ ‌and‌ ‌much‌ ‌progress‌ ‌has‌ ‌been‌ ‌made‌ ‌in‌ ‌K12‌ ‌schools‌ ‌to‌ ‌incorporate‌ ‌robots‌ ‌in‌ ‌the‌‌                               
pedagogy.‌ ‌Recent‌ ‌studies‌ ‌indicate‌ ‌that‌ ‌robots‌ ‌can‌ ‌play‌ ‌a‌ ‌significant‌ ‌role‌ ‌to‌ ‌engage‌ ‌students‌ ‌in‌‌                             
neuroscience‌ ‌subjects,‌ ‌but‌ ‌little‌ ‌is‌ ‌known‌ ‌about‌ ‌teachers’‌ ‌perceptions‌ ‌of‌ ‌using‌ ‌robots‌ ‌to‌ ‌teach‌‌                           
neuroscience.‌ ‌In‌ ‌this‌ ‌paper,‌ ‌we‌‌present‌‌a‌‌study‌‌based‌‌on‌‌a‌‌survey‌‌questionnaire‌‌conducted‌‌with‌‌                             
84‌‌teachers‌‌across‌‌multiple‌‌high‌‌schools‌‌in‌‌the‌‌United‌‌States‌‌to‌‌understand‌‌their‌‌perceptions‌‌about‌‌                             
the‌‌usefulness‌‌of‌‌using‌‌robots‌‌to‌‌teach‌‌neuroscience.‌‌To‌‌situate‌‌teachers‌‌with‌‌an‌‌example‌‌of‌‌how‌‌                               
robots‌ ‌can‌ ‌be‌ ‌used‌ ‌in‌ ‌neuroscience‌ ‌classrooms,‌ ‌we‌ ‌describe‌ ‌an‌ ‌educational‌ ‌tool‌ ‌called‌ ‌the‌‌                           
SpikerBot.‌ ‌Our‌ ‌preliminary‌ ‌results‌ ‌indicate‌ ‌that‌ ‌there‌ ‌is‌ ‌an‌ ‌opportunity‌ ‌for‌‌neuroscience-oriented‌‌                       
robots‌ ‌in‌ ‌secondary‌ ‌education,‌ ‌provided‌ ‌sufficient‌ ‌on-boarding‌ ‌and‌ ‌training‌ ‌videos.‌ ‌ 
‌ 
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Introduction‌ ‌ 
Understanding‌ ‌the‌ ‌brain‌ ‌is‌ ‌a‌ ‌profound‌ ‌and‌ ‌fascinating‌ ‌challenge,‌ ‌captivating‌ ‌the‌ ‌scientific‌‌                       
community‌ ‌and‌ ‌the‌ ‌public‌ ‌alike.‌ ‌The‌ ‌lack‌ ‌of‌ ‌effective‌ ‌treatment‌ ‌for‌ ‌most‌ ‌brain‌ ‌disorders‌ ‌makes‌‌                             
training‌ ‌the‌ ‌next‌ ‌generation‌ ‌of‌ ‌neuroscientists,‌ ‌engineers‌ ‌and‌ ‌physicians‌ ‌a‌ ‌key‌ ‌concern.‌ ‌While‌                         
student‌ ‌laboratories‌ ‌involving‌ ‌biological‌ ‌preps‌ ‌are‌ ‌starting‌ ‌to‌ ‌gain‌ ‌traction‌‌within‌‌K12‌‌[1],‌‌what‌‌is‌‌                             
missing‌ ‌are‌ ‌technologies‌ ‌and‌ ‌curricula‌ ‌that‌ ‌enable‌ ‌students‌ ‌to‌ ‌develop‌ ‌and‌ ‌use‌ ‌computational‌‌                         
models‌ ‌of‌ ‌functioning‌ ‌brains.‌ ‌Neural‌ ‌modeling‌ ‌is‌ ‌becoming‌ ‌an‌ ‌increasingly‌ ‌important‌ ‌area‌ ‌of‌‌                         
neuroscience‌ ‌research,‌ ‌and‌ ‌developing‌ ‌the‌ ‌ability‌ ‌to‌ ‌work‌ ‌effectively‌ ‌with‌ ‌neural‌ ‌networks‌ ‌for‌‌                         
artificial‌ ‌intelligence‌ ‌applications‌ ‌is‌ ‌increasingly‌ ‌important‌ ‌to‌ ‌students‌ ‌[2],‌ ‌[3].‌ ‌ 
‌ 

Educational‌ ‌neurorobotics‌ ‌seeks‌ ‌to‌ ‌introduce‌ ‌K12‌ ‌students‌ ‌to‌ ‌neural‌ ‌modeling‌ ‌with‌ ‌physical‌‌                       
neurorobots‌ ‌-‌ ‌robots‌ ‌controlled‌ ‌by‌ ‌computational‌ ‌models‌ ‌of‌ ‌biological‌ ‌neural‌ ‌networks‌ ‌[4]-[7].‌                       
Robotics‌‌has‌‌been‌‌shown‌‌to‌‌be‌‌a‌‌highly‌‌motivating‌‌and‌‌effective‌‌framework‌‌for‌‌teaching‌‌STEM‌‌in‌‌                               
schools‌ ‌[8]-[10],‌ ‌including‌ ‌to‌ ‌underrepresented‌ ‌students‌ ‌[11]-[13].‌ ‌Robot-based‌ ‌activities‌ ‌can‌‌                   
scaffold‌ ‌multiple‌ ‌disciplines‌ ‌with‌‌a‌‌positive‌‌impact‌‌on‌‌achievement‌‌scores,‌‌science‌‌concepts,‌‌and‌‌                         
attitudes‌ ‌[14]-[19].‌ ‌A‌ ‌review‌ ‌of‌ ‌315‌ ‌research‌ ‌articles‌ ‌that‌ ‌used‌ ‌LEGO‌ ‌robotics‌ ‌in‌ ‌educational‌‌                           
settings‌ ‌concluded‌ ‌that‌ ‌teamwork‌ ‌and‌ ‌problem-solving‌ ‌are‌ ‌the‌ ‌key‌ ‌educational‌ ‌contributions‌ ‌of‌‌                       

1‌ ‌ 

.CC-BY 4.0 International licenseavailable under a
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprint (whichthis version posted June 9, 2021. ; https://doi.org/10.1101/2021.04.01.438071doi: bioRxiv preprint 

https://doi.org/10.1101/2021.04.01.438071
http://creativecommons.org/licenses/by/4.0/


LEGO‌‌robotics‌‌in‌‌K12‌‌[20].‌‌National‌‌and‌‌international‌‌robotics‌‌competitions‌‌for‌‌K12‌‌students‌‌(e.g.‌‌                           
FIRST‌‌Robotics),‌‌and‌‌academic‌‌conferences‌‌on‌‌educational‌‌robotics‌‌(e.g.‌‌Conference‌‌on‌‌Robotics‌‌                       
in‌ ‌Education,‌ ‌IEEE‌ ‌Frontiers‌ ‌in‌ ‌Education‌ ‌Conference)‌ ‌further‌ ‌highlight‌ ‌the‌ ‌widespread‌ ‌use‌ ‌of‌‌                         
robots‌ ‌in‌ ‌the‌ ‌classroom.‌ ‌By‌ ‌enabling‌ ‌students‌ ‌to‌ ‌design‌ ‌computational‌ ‌brain‌ ‌models‌ ‌that‌ ‌make‌‌                           
robots‌‌perform‌‌life-like‌‌behaviors,‌‌educational‌‌neurorobotics‌‌aims‌‌to‌‌introduce‌‌robot-based‌‌labs‌‌to‌‌                       
the‌ ‌life‌ ‌sciences,‌ ‌allowing‌ ‌students‌‌to‌‌demonstrate‌‌understanding‌‌of‌‌structure‌‌and‌‌function‌‌within‌‌                         
the‌ ‌nervous‌ ‌system‌ ‌(HS-LS1-2)‌ ‌and‌ ‌engineer‌ ‌solutions‌ ‌to‌ ‌real‌ ‌world‌ ‌problems‌ ‌associated‌ ‌with‌‌                         
specific‌ ‌neurological‌ ‌conditions‌ ‌(HS-ETS1).‌ ‌However,‌ ‌while‌ ‌neurorobots‌ ‌are‌‌increasingly‌‌used‌‌to‌‌                     
conduct‌‌neuroscience‌‌research‌‌in‌‌academic‌‌settings‌‌[21]-[25],‌‌little‌‌is‌‌known‌‌about‌‌the‌‌challenges‌‌                         
and‌ ‌opportunities‌ ‌associated‌ ‌with‌ ‌using‌ ‌robots‌ ‌to‌ ‌teach‌ ‌neuroscience‌ ‌in‌ ‌the‌ ‌classroom.‌ ‌ 
‌ 

Following‌‌the‌‌analysis‌‌of‌‌the‌‌existing‌‌robots‌‌and‌‌tools‌‌available‌‌in‌‌the‌‌market‌‌and‌‌opportunities‌‌to‌‌                               
use‌ ‌technology‌ ‌to‌ ‌teach‌ ‌neuroscience‌ ‌in‌ ‌the‌ ‌classroom,‌ ‌we‌ ‌have‌ ‌developed‌ ‌an‌ ‌open-source‌‌                         
neurorobot‌ ‌to‌ ‌help‌ ‌students‌ ‌learn‌ ‌neuroscience‌ ‌through‌ ‌robotics‌ ‌[7].‌ ‌The‌ ‌“SpikerBot”‌ ‌has‌ ‌a‌‌                         
camera,‌‌a‌‌microphone,‌‌a‌‌speaker,‌‌wheels,‌‌Wi-Fi‌‌and‌‌simulated‌‌brains‌‌that‌‌students‌‌control‌‌with‌‌an‌‌                             
app‌‌(Figure‌‌1).‌‌The‌‌app‌‌allows‌‌students‌‌to‌‌design‌‌neural‌‌networks‌‌and‌‌observe‌‌their‌‌effect‌‌on‌‌the‌‌                                 
robot’s‌ ‌behavior‌ ‌in‌ ‌real-time.‌ ‌To‌ ‌assess‌ ‌the‌ ‌ability‌ ‌of‌ ‌this‌ ‌tool‌ ‌to‌ ‌help‌ ‌teachers‌ ‌demonstrate‌‌                             
neuroscience‌‌principles‌‌in‌‌class,‌‌we‌‌coordinated‌‌a‌‌1-week‌‌neuroscience‌‌module‌‌based‌‌around‌‌our‌‌                         
neurorobots‌ ‌in‌ ‌U.S.‌ ‌high‌ ‌schools.‌ ‌We‌ ‌found‌ ‌that‌ ‌the‌‌neuroscience‌‌module‌‌improved‌‌high‌‌school‌‌                           
students'‌ ‌conceptual‌ ‌understanding‌ ‌of‌ ‌neuroscience‌ ‌and‌ ‌their‌ ‌self-conception‌ ‌as‌ ‌neuroscientists‌‌                   
[7].‌‌In‌‌light‌‌of‌‌these‌‌preliminary‌‌results,‌‌we‌‌have‌‌found‌‌an‌‌opportunity‌‌to‌‌expand‌‌the‌‌application‌‌of‌‌                                 
neurorobots‌‌across‌‌K12‌‌classrooms.‌‌However,‌‌for‌‌educational‌‌neurorobotics‌‌to‌‌succeed‌‌in‌‌K12,‌‌it‌‌                         
is‌ ‌necessary‌ ‌to‌ ‌establish‌ ‌a‌‌dialogue‌‌across‌‌multiple‌‌stakeholders‌‌to‌‌understand‌‌their‌‌perceptions‌‌                         
and‌ ‌needs.‌ ‌Are‌ ‌teachers‌ ‌interested‌ ‌in‌ ‌using‌ ‌robots‌ ‌to‌ ‌teach‌ ‌neuroscience?‌ ‌Can‌ ‌teachers‌ ‌add‌‌                           
neuroscience‌ ‌activities,‌ ‌given‌ ‌the‌ ‌limited‌ ‌space‌ ‌for‌‌neuroscience‌‌in‌‌the‌‌Next‌‌Generation‌‌Science‌‌                         
Standards‌ ‌(NGSS)?‌ ‌What‌ ‌supports‌ ‌do‌‌teachers‌‌feel‌‌they‌‌would‌‌need‌‌to‌‌teach‌‌neuroscience‌‌with‌‌                           
robots?‌‌What‌‌technology‌‌availability‌‌and‌‌budget‌‌considerations‌‌need‌‌to‌‌be‌‌addressed?‌‌To‌‌answer‌‌                         
these‌ ‌questions,‌ ‌we‌ ‌conducted‌ ‌a‌ ‌survey‌ ‌of‌ ‌high‌ ‌school‌ ‌teachers‌ ‌across‌ ‌multiple‌ ‌states‌ ‌in‌ ‌the‌‌                             
United‌ ‌States,‌ ‌to‌ ‌understand‌ ‌teachers'‌ ‌perceptions‌ ‌of‌ ‌using‌ ‌robots‌ ‌to‌ ‌teach‌ ‌neuroscience‌ ‌in‌ ‌school.‌ ‌ 
‌ 

‌ 
Figure‌ ‌1.‌‌ ‌Neurorobots‌ ‌for‌ ‌education.‌ ‌a)‌ ‌Wireless‌ ‌neurorobot‌ ‌prototypes.‌ ‌b)‌ ‌User‌ ‌interface‌ ‌for‌‌ 

students‌ ‌shows‌ ‌audio,‌ ‌video‌ ‌and‌ ‌brain‌ ‌activity‌ ‌in‌ ‌real-time.‌ ‌ 
‌ 
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Methods‌ ‌ 
We‌‌designed‌‌a‌‌survey‌‌to‌‌explore‌‌US‌‌high‌‌school‌‌teachers'‌‌perceptions‌‌of‌‌the‌‌idea‌‌of‌‌using‌‌robots‌‌                                 
to‌ ‌teach‌ ‌neuroscience‌ ‌(Appendix‌ ‌1).‌ ‌The‌ ‌goal‌ ‌of‌ ‌the‌ ‌survey‌ ‌was‌ ‌to‌ ‌address‌ ‌the‌ ‌following‌ ‌questions:‌ ‌ 
‌ 

● Are‌ ‌teachers‌ ‌interested‌ ‌in‌ ‌using‌ ‌robots‌ ‌to‌ ‌teach‌ ‌neuroscience?‌‌ ‌  
● Can‌ ‌teachers‌ ‌add‌ ‌neuroscience‌ ‌activities,‌ ‌given‌ ‌the‌‌limited‌‌space‌‌for‌‌neuroscience‌‌in‌‌the‌‌                         

Next‌ ‌Generation‌ ‌Science‌ ‌Standards‌ ‌(NGSS)?‌‌ ‌  
● What‌ ‌supports‌ ‌do‌ ‌teachers‌ ‌feel‌ ‌they‌ ‌would‌ ‌need‌ ‌to‌ ‌teach‌ ‌neuroscience‌ ‌with‌ ‌robots?‌ ‌ 
● What‌ ‌technology‌ ‌availability‌ ‌and‌ ‌budget‌ ‌considerations‌ ‌need‌ ‌to‌ ‌be‌ ‌addressed?‌ ‌ 

‌ 
To‌ ‌facilitate‌ ‌quantitative‌ ‌analysis,‌ ‌all‌ ‌questions‌ ‌were‌ ‌multiple-choice.‌ ‌We‌ ‌also‌ ‌collected‌‌                     
demographic‌‌information‌‌for‌‌statistical‌‌purposes.‌‌The‌‌survey‌‌development‌‌process‌‌is‌‌described‌‌in‌‌                       
Figure‌ ‌2.‌ ‌ 
‌ 

‌ 
Figure‌ ‌2.‌‌ ‌Survey‌ ‌design‌ ‌process‌ ‌ 

‌ 
The‌‌survey‌‌was‌‌disseminated‌‌using‌‌Qualtrics‌‌to‌‌a‌‌pool‌‌of‌‌K12‌‌teachers‌‌within‌‌our‌‌network.‌‌Most‌‌of‌‌                                 
these‌ ‌teachers‌ ‌had‌ ‌provided‌ ‌their‌ ‌email‌ ‌at‌ ‌one‌ ‌of‌ ‌Backyard‌ ‌Brains’‌ ‌science‌ ‌or‌ ‌education‌‌                           
conference‌‌booths.‌‌All‌‌participants‌‌were‌‌included‌‌in‌‌a‌‌lottery‌‌to‌‌distribute‌‌10‌‌neuroscience‌‌research‌‌                           
kits‌‌(value:‌‌$200‌‌each).‌‌We‌‌contacted‌‌K12‌‌teachers‌‌via‌‌email‌‌from‌‌February‌‌until‌‌March‌‌2021.‌‌The‌‌                               
email‌‌contained‌‌a‌‌link‌‌to‌‌a‌‌Qualtrics‌‌survey‌‌about‌‌the‌‌use‌‌of‌‌neuroscience‌‌and‌‌neurorobotics‌‌in‌‌the‌‌                                 
classroom.‌ ‌ 
‌ 

Results‌ ‌ 
The‌ ‌complete‌ ‌list‌ ‌of‌ ‌survey‌ ‌questions‌ ‌and‌ ‌answers‌‌can‌‌be‌‌found‌‌in‌‌Appendix‌‌1.‌‌We‌‌received‌‌84‌‌                                 
responses‌ ‌to‌ ‌our‌ ‌survey.‌ ‌A‌ ‌majority‌ ‌of‌ ‌participants‌ ‌taught‌ ‌at‌ ‌the‌ ‌high‌ ‌school‌ ‌level.‌ ‌Participants‌‌                             
taught‌ ‌a‌ ‌variety‌ ‌of‌ ‌STEM‌ ‌subjects‌ ‌including‌ ‌biology‌ ‌(21%‌ ‌of‌ ‌answers),‌ ‌anatomy‌ ‌and‌ ‌physiology‌‌                           
(12%),‌‌general‌‌science‌‌(9%),‌‌computer‌‌science‌‌(7%),‌‌and‌‌engineering‌‌(6%).‌‌Most‌‌stated‌‌that‌‌their‌‌                           
courses‌‌align‌‌to‌‌the‌‌NGSS‌‌(45%)‌‌or‌‌State‌‌Science‌‌Standards‌‌(21%).‌‌Participants‌‌stated‌‌that‌‌they‌‌                             
used‌‌hands-on‌‌activities‌‌a‌‌couple‌‌of‌‌times‌‌per‌‌week‌‌(51%)‌‌or‌‌a‌‌couple‌‌of‌‌times‌‌per‌‌month‌‌(23%),‌‌                                   
and‌ ‌had‌ ‌Chromebooks‌ ‌(26%)‌ ‌or‌ ‌PC/Mac‌ ‌computers‌ ‌(17%)‌ ‌available‌ ‌for‌ ‌students‌ ‌taking‌ ‌their‌‌                         
courses.‌ ‌ 
‌ 

On‌‌the‌‌important‌‌question‌‌“Given‌‌the‌‌limited‌‌space‌‌reserved‌‌for‌‌neuroscience‌‌in‌‌state-standards,‌‌if‌‌                           
you‌ ‌wanted‌ ‌to‌ ‌add‌ ‌neuroscience‌ ‌activities‌ ‌to‌ ‌your‌ ‌classroom,‌ ‌could‌ ‌you‌ ‌do‌‌it?”‌‌81%‌‌of‌‌teachers‌‌                               
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stated‌ ‌they‌ ‌could‌ ‌add‌ ‌neuroscience‌ ‌activities.‌ ‌Of‌ ‌these,‌ ‌60%‌ ‌felt‌ ‌that‌ ‌neuroscience‌ ‌was‌ ‌well‌‌                           
supported‌ ‌by‌ ‌their‌ ‌state‌ ‌standards,‌ ‌while‌ ‌37%‌ ‌said‌ ‌they‌ ‌could‌ ‌justify‌ ‌it‌ ‌even‌ ‌if‌ ‌not‌ ‌in‌ ‌state‌‌                                 
standards.‌ ‌ 
‌ 

We‌ ‌then‌ ‌asked‌ ‌respondents‌ ‌to‌ ‌watch‌ ‌a‌ ‌2-minute‌ ‌video‌ ‌about‌ ‌the‌ ‌SpikerBot‌ ‌[26],‌ ‌showing‌ ‌how‌‌                             
students‌ ‌use‌ ‌the‌ ‌robot‌‌in‌‌class.‌‌After‌‌watching‌‌the‌‌video,‌‌80%‌‌of‌‌teachers‌‌stated‌‌that‌‌they‌‌would‌‌                                 
be‌‌interested‌‌in‌‌using‌‌the‌‌robot‌‌to‌‌teach‌‌neuroscience.‌‌Moreover,‌‌81%‌‌said‌‌that‌‌learning‌‌to‌‌use‌‌the‌‌                                 
SpikerBot‌ ‌(ex.‌ ‌by‌ ‌participating‌ ‌in‌ ‌a‌ ‌workshop)‌ ‌would‌ ‌count‌ ‌towards‌ ‌required‌ ‌professional‌‌                       
development‌ ‌hours.‌ ‌ 
‌ 

On‌ ‌average,‌ ‌teachers‌ ‌felt‌ ‌that‌ ‌a‌ ‌new‌ ‌robot-based‌ ‌neuroscience‌ ‌curriculum‌‌should‌‌consist‌‌of‌‌5-6‌‌                           
lessons,‌ ‌with‌ ‌93%‌ ‌of‌ ‌teachers‌ ‌preferring‌ ‌10‌ ‌lessons‌ ‌or‌ ‌fewer.‌ ‌When‌ ‌asked‌ ‌which‌ ‌professional‌‌                           
development‌ ‌resources‌ ‌would‌ ‌best‌ ‌prepare‌ ‌them‌ ‌for‌ ‌teaching‌ ‌with‌ ‌neurorobots,‌ ‌most‌ ‌wanted‌‌                       
teacher‌ ‌training‌ ‌videos‌ ‌(23%)‌ ‌or‌ ‌live‌ ‌virtual‌ ‌training‌ ‌workshops‌ ‌(20%).‌ ‌Finally,‌ ‌78%‌ ‌of‌ ‌teachers‌‌                           
stated‌ ‌that‌ ‌they‌ ‌would‌ ‌need‌ ‌to‌ ‌apply‌ ‌for‌ ‌private‌ ‌donations‌ ‌or‌‌a‌‌grant‌‌to‌‌afford‌‌a‌‌$2500‌‌set‌‌of‌‌10‌‌                                       
robots‌ ‌for‌ ‌their‌ ‌classroom.‌ ‌ 
‌ 

Discussion‌ ‌ 
The‌‌results‌‌of‌‌the‌‌survey‌‌reveal‌‌that‌‌teachers‌‌recognize‌‌the‌‌value‌‌of‌‌neuroscience‌‌in‌‌the‌‌classroom‌‌                               
and‌ ‌the‌ ‌important‌ ‌role‌ ‌of‌ ‌robots‌ ‌to‌ ‌teach‌ ‌neuroscience.‌ ‌Analysis‌ ‌of‌ ‌responses‌ ‌showed‌ ‌that‌‌                           
teachers‌ ‌with‌ ‌different‌ ‌years‌ ‌of‌ ‌experience‌ ‌and‌ ‌courses‌ ‌taught‌ ‌were‌ ‌interested‌ ‌in‌ ‌tools‌ ‌like‌ ‌the‌‌                             
SpikerBot‌ ‌to‌ ‌teach‌ ‌neuroscience.‌ ‌Teachers‌ ‌feel‌ ‌they‌ ‌can‌ ‌add‌ ‌neuroscience‌ ‌activities‌ ‌to‌ ‌their‌‌                         
teaching,‌ ‌even‌‌though‌‌neuroscience‌‌is‌‌a‌‌new‌‌discipline‌‌that‌‌has‌‌yet‌‌to‌‌be‌‌fully‌‌integrated‌‌in‌‌state‌‌                                 
standards.‌ ‌Moreover,‌ ‌teachers‌ ‌like‌ ‌the‌ ‌idea‌ ‌of‌ ‌teaching‌ ‌neuroscience‌ ‌with‌ ‌robots,‌ ‌and‌ ‌feel‌ ‌that‌‌                           
learning‌ ‌to‌ ‌use‌ ‌a‌ ‌robot‌ ‌such‌ ‌as‌ ‌the‌‌SpikerBot‌‌would‌‌count‌‌towards‌‌minimum‌‌teaching‌‌standards‌‌                             
related‌ ‌to‌ ‌professional‌ ‌development.‌ ‌ 
‌ 

The‌ ‌survey‌ ‌also‌ ‌identifies‌ ‌two‌ ‌challenges.‌ ‌First,‌ ‌it‌ ‌shows‌ ‌that‌ ‌at‌ ‌the‌ ‌price‌ ‌point‌ ‌of‌‌typical‌‌“smart‌‌                                 
robots”‌ ‌such‌ ‌as‌ ‌LEGO‌ ‌Mindstorms,‌‌only‌‌a‌‌small‌‌number‌‌of‌‌teachers‌‌(13%)‌‌would‌‌be‌‌able‌‌to‌‌use‌‌                                 
department/school‌‌funds.‌‌To‌‌ensure‌‌broad‌‌adoption‌‌of‌‌neuroscience-oriented‌‌robots,‌‌it‌‌is‌‌therefore‌‌                       
necessary‌ ‌to‌‌reduce‌‌the‌‌hardware‌‌cost‌‌of‌‌the‌‌robot,‌‌while‌‌also‌‌providing‌‌teachers‌‌with‌‌support‌‌to‌‌                               
write‌ ‌grants.‌ ‌Our‌ ‌interpretation‌ ‌of‌ ‌these‌ ‌results‌ ‌is‌ ‌that‌ ‌government,‌ ‌policymakers,‌ ‌high‌ ‌school‌‌                         
boards,‌ ‌and‌ ‌funding‌ ‌agencies‌ ‌need‌ ‌to‌ ‌support‌ ‌schools‌ ‌and‌ ‌teachers‌ ‌to‌ ‌access‌ ‌funding‌ ‌to‌‌equip‌‌                             
their‌‌classroom‌‌with‌‌technologies‌‌that‌‌are‌‌continuously‌‌emerging.‌‌To‌‌do‌‌so,‌‌further‌‌research‌‌needs‌‌                           
to‌‌build‌‌upon‌‌findings‌‌that‌‌demonstrate‌‌the‌‌benefits‌‌of‌‌technology‌‌to‌‌help‌‌teachers‌‌to‌‌engage‌‌and‌‌                               
motivate‌ ‌students‌ ‌in‌ ‌STEM‌ ‌courses.‌ ‌ 
‌ 

Second,‌‌capacity‌‌building‌‌also‌‌emerged‌‌as‌‌a‌‌point‌‌of‌‌attention‌‌in‌‌our‌‌analysis.‌‌While‌‌most‌‌teachers‌‌                               
presented‌‌significant‌‌interest‌‌in‌‌using‌‌technology‌‌to‌‌teach‌‌neuroscience,‌‌they‌‌also‌‌raised‌‌concerns‌‌                         
with‌ ‌appropriate‌ ‌training‌ ‌to‌ ‌adopt‌ ‌those‌ ‌technologies.‌ ‌Thus,‌ ‌enabling‌ ‌teachers‌ ‌to‌ ‌teach‌‌                       
neuroscience‌ ‌with‌ ‌robots‌ ‌will‌ ‌require‌ ‌production‌ ‌of‌ ‌a‌ ‌variety‌ ‌of‌ ‌onboarding,‌ ‌training‌ ‌and‌ ‌support‌‌                           
materials.‌‌This‌‌finding‌‌aligns‌‌with‌‌existing‌‌research‌‌related‌‌to‌‌teaching‌‌capacity‌‌building‌‌which‌‌calls‌‌                           
on‌‌school‌‌leadership‌‌to‌‌foster‌‌teaching/learning‌‌reformation‌‌to‌‌support‌‌educational‌‌demands,‌‌such‌‌                       
as‌ ‌providing‌ ‌effective‌ ‌infrastructure‌ ‌and‌ ‌professional‌ ‌training‌ ‌to‌ ‌help‌ ‌teachers‌ ‌adopt‌ ‌and‌ ‌adapt‌‌                         
innovative‌ ‌pedagogies.‌ ‌ 
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‌ 
Although‌ ‌the‌ ‌survey‌ ‌shows‌ ‌promising‌ ‌results,‌ ‌this‌ ‌study‌ ‌has‌ ‌a‌ ‌couple‌ ‌of‌ ‌limitations.‌ ‌First,‌ ‌the‌‌                             
survey‌ ‌participants‌ ‌are‌ ‌familiar‌ ‌with‌ ‌Backyard‌ ‌Brains,‌ ‌and‌ ‌may‌ ‌have‌ ‌used‌ ‌other‌ ‌neuroscience‌‌                         
classroom‌‌products.‌‌They‌‌are‌‌therefore‌‌subject‌‌to‌‌biases.‌‌Second,‌‌the‌‌internal‌‌consistency‌‌of‌‌the‌‌                           
survey‌‌was‌‌not‌‌assessed‌‌and‌‌the‌‌sample‌‌size‌‌is‌‌relatively‌‌small.‌‌Third,‌‌18%‌‌of‌‌participants‌‌did‌‌not‌                                 
complete‌ ‌the‌ ‌entire‌ ‌survey.‌ ‌ 
‌ 

Although‌‌the‌‌survey‌‌was‌‌used‌‌to‌‌understand‌‌teachers'‌‌perceptions‌‌using‌‌the‌‌SpikerBot,‌‌there‌‌is‌‌a‌‌                             
huge‌‌opportunity‌‌to‌‌take‌‌our‌‌findings‌‌and‌‌translate‌‌them‌‌to‌‌other‌‌neurorobots‌‌in‌‌the‌‌market.‌‌Thus,‌‌                               
it‌ ‌is‌ ‌recommended‌ ‌that‌ ‌to‌ ‌fully‌ ‌satisfy‌ ‌minimum‌ ‌requirements‌ ‌as‌ ‌a‌ ‌neurorobot‌ ‌in‌ ‌secondary‌‌                           
education,‌ ‌robots‌ ‌designed‌ ‌to‌ ‌teach‌ ‌neuroscience‌ ‌should‌ ‌1)‌ ‌be‌ ‌cost-effective,‌ ‌2),‌ ‌be‌‌compatible‌‌                         
with‌ ‌multiple‌ ‌hardware‌ ‌and‌ ‌software,‌ ‌and‌ ‌3)‌ ‌support‌‌teachers‌‌with‌‌appropriate‌‌infrastructure‌‌and‌‌                         
capacity‌‌building‌‌programs‌‌to‌‌reduce‌‌the‌‌learning‌‌curve‌‌to‌‌adopt‌‌and‌‌use‌‌the‌‌tool.‌‌In‌‌the‌‌future,‌‌we‌‌                                   
expect‌ ‌to‌ ‌increase‌ ‌our‌ ‌sample‌ ‌size‌ ‌and‌ ‌increase‌ ‌the‌ ‌research‌ ‌rigor‌ ‌throughout‌ ‌the‌ ‌survey‌‌                           
development‌ ‌process.‌ ‌ 
‌ 

In‌ ‌terms‌ ‌of‌ ‌opportunities‌ ‌to‌ ‌use‌ ‌robots‌ ‌to‌ ‌teach‌ ‌neuroscience‌ ‌in‌ ‌secondary‌ ‌schools,‌‌the‌‌positive‌‌                             
impact‌‌of‌‌active‌‌learning‌‌and‌‌robotics‌‌is‌‌well‌‌known‌‌in‌‌STEM‌‌education‌‌[27],‌‌[28],‌‌but‌‌if‌‌educators‌‌                                 
who‌ ‌teach‌ ‌neuroscience-related‌ ‌topics‌ ‌are‌ ‌too‌ ‌disconnected‌ ‌from‌ ‌the‌ ‌underlying‌ ‌principles‌ ‌of‌‌                       
active‌ ‌learning‌ ‌and‌ ‌robotics‌ ‌in‌ ‌the‌ ‌classroom,‌ ‌this‌ ‌misalignment‌ ‌can‌ ‌lead‌ ‌to‌ ‌important‌‌                         
misconceptions‌‌regarding‌‌the‌‌benefits‌‌of‌‌technology‌‌to‌‌teach‌‌neuroscience‌‌using‌‌robots.‌‌Thus,‌‌we‌‌                         
argue‌ ‌that‌ ‌the‌ ‌successful‌ ‌delivery‌ ‌of‌ ‌robots‌ ‌to‌ ‌teach‌ ‌neuroscience‌ ‌needs‌ ‌to‌ ‌be‌ ‌grounded‌ ‌in‌‌                             
solutions‌ ‌that‌ ‌are‌ ‌affordable‌‌to‌‌teachers‌‌and‌‌schools’‌‌budgets,‌‌include‌‌sufficient‌‌capacity‌‌building‌‌                         
programs‌ ‌that‌ ‌provide‌ ‌enough‌ ‌time‌ ‌and‌ ‌resources‌ ‌to‌ ‌adopt‌ ‌and‌ ‌implement‌ ‌technologies,‌ ‌and‌‌                         
implement‌ ‌flexible‌ ‌policies‌ ‌that‌ ‌support‌ ‌innovative‌ ‌pedagogies‌ ‌in‌ ‌the‌ ‌classroom.‌‌ ‌  
‌ 
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Appendix‌ ‌1‌ ‌ 
This‌ ‌appendix‌ ‌lists‌ ‌all‌ ‌17‌ ‌questions‌ ‌and‌ ‌possible‌ ‌answers‌ ‌in‌ ‌our‌ ‌survey.‌ ‌Answers‌ ‌are‌ ‌presented‌ ‌as‌‌ 
bars‌ ‌representing‌ ‌the‌ ‌number‌ ‌of‌ ‌answers‌ ‌we‌ ‌obtained,‌ ‌as‌ ‌well‌ ‌as‌ ‌percentages‌ ‌relative‌ ‌to‌ ‌the‌ ‌total‌‌ 
number‌ ‌of‌ ‌answers‌ ‌for‌ ‌each‌ ‌question.‌ ‌For‌ ‌questions‌ ‌with‌ ‌long‌ ‌answers,‌ ‌the‌ ‌text‌ ‌of‌ ‌the‌ ‌answers‌ ‌is‌‌ 
given‌ ‌first,‌ ‌followed‌ ‌by‌ ‌results‌ ‌with‌ ‌shortened‌ ‌answers.‌ ‌ 

‌ 
‌ 

Q1.‌ ‌What‌ ‌is‌ ‌the‌ ‌name‌ ‌of‌ ‌the‌ ‌school(s)‌ ‌where‌ ‌you‌ ‌teach?‌ ‌Please,‌ ‌specify:‌ ‌ 
‌ 

(data‌ ‌not‌ ‌shown)‌ ‌ 
‌ 
‌ 

Q2.‌ ‌What‌ ‌is‌ ‌your‌ ‌school’s‌ ‌zip‌ ‌code(s)?‌ ‌Please,‌ ‌specify:‌ ‌ 
‌ 

(data‌ ‌not‌ ‌shown)‌ ‌ 
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Q3.‌ ‌What‌ ‌grades‌ ‌do‌ ‌you‌ ‌teach?‌ ‌(select‌ ‌all‌ ‌that‌ ‌apply):‌ ‌ 

‌ 
‌ 
‌ 

Q4.‌ ‌What‌ ‌courses‌ ‌do‌ ‌you‌ ‌teach?‌ ‌(select‌ ‌all‌ ‌that‌ ‌apply):‌ ‌ 

‌ 
‌ 
‌ 
‌ 

8‌ ‌ 

.CC-BY 4.0 International licenseavailable under a
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprint (whichthis version posted June 9, 2021. ; https://doi.org/10.1101/2021.04.01.438071doi: bioRxiv preprint 

https://doi.org/10.1101/2021.04.01.438071
http://creativecommons.org/licenses/by/4.0/


Q5.‌ ‌What‌ ‌standards‌ ‌do‌ ‌your‌ ‌courses‌ ‌align‌ ‌to?‌ ‌(select‌ ‌all‌ ‌that‌ ‌apply):‌ ‌ 

‌ 
‌ 
‌ 

Q6.‌ ‌Do‌ ‌you‌ ‌currently‌ ‌use‌ ‌hands-on‌ ‌activities‌ ‌in‌ ‌your‌ ‌classes?‌ ‌ 

‌ 
‌ 
‌ 

Q7.‌ ‌Given‌ ‌the‌ ‌limited‌ ‌space‌ ‌for‌ ‌neuroscience‌ ‌in‌ ‌standards-based‌ ‌curricula,‌ ‌if‌ ‌you‌ ‌wanted‌‌ 
to‌ ‌add‌ ‌neuroscience‌ ‌activities‌ ‌to‌ ‌your‌ ‌classroom,‌ ‌could‌ ‌you‌ ‌do‌ ‌it?‌ ‌ 
‌ 

● Yes,‌ ‌I‌ ‌feel‌ ‌that‌ ‌neuroscience‌ ‌activities‌ ‌do‌ ‌meet‌ ‌our‌ ‌state‌ ‌standards‌ ‌ 
● Yes,‌ ‌I‌ ‌have‌ ‌independence‌ ‌on‌ ‌classroom‌ ‌activities,‌ ‌I‌ ‌can‌ ‌justify‌ ‌adding‌ ‌neuroscience‌‌ 

even‌ ‌if‌ ‌not‌ ‌in‌ ‌our‌ ‌state‌ ‌standards‌ ‌ 
● Yes,‌ ‌I‌ ‌have‌ ‌time‌ ‌after‌ ‌our‌ ‌state‌ ‌standards‌ ‌exam‌ ‌to‌ ‌introduce‌ ‌new‌ ‌activities‌ ‌ 
● No,‌ ‌I‌ ‌cannot‌ ‌add‌ ‌activities‌ ‌unless‌ ‌they‌ ‌directly‌ ‌relate‌ ‌to‌ ‌our‌ ‌state‌ ‌standards‌ ‌ 
● Other‌ ‌ 
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‌ 
‌ 
‌ 

Q8.‌ ‌Which‌ ‌of‌ ‌the‌ ‌following‌ ‌technologies‌ ‌are‌ ‌available‌ ‌to‌ ‌students‌ ‌taking‌ ‌your‌ ‌courses?‌‌ 
(select‌ ‌all‌ ‌that‌ ‌apply):‌ ‌ 

‌ 
‌ 
‌ 

Q9.‌ ‌Would‌ ‌you‌ ‌be‌ ‌interested‌ ‌in‌ ‌using‌ ‌SpikerBots‌ ‌to‌ ‌teach?‌ ‌ 
‌ 

● Yes‌ ‌ 
● Maybe‌ ‌yes,‌ ‌but‌ ‌I‌ ‌don't‌ ‌think‌ ‌this‌ ‌is‌ ‌sufficiently‌ ‌aligned‌ ‌with‌ ‌our‌ ‌standards‌ ‌ 
● No,‌ ‌I‌ ‌don't‌ ‌think‌ ‌this‌ ‌is‌ ‌sufficiently‌ ‌aligned‌ ‌with‌ ‌our‌ ‌standards‌ ‌ 
● No,‌ ‌this‌ ‌looks‌ ‌too‌ ‌complicated‌ ‌/‌ ‌I‌ ‌don't‌ ‌have‌ ‌time‌ ‌to‌ ‌learn‌ ‌this‌ ‌ 
● Other‌ ‌ 

‌ 
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‌ 
‌ 
‌ 

Q10.‌ ‌Which‌ ‌types‌ ‌of‌ ‌instructional‌ ‌materials‌ ‌do‌ ‌you‌ ‌feel‌ ‌would‌ ‌most‌ ‌benefit‌ ‌students‌ ‌who‌‌ 
are‌ ‌new‌ ‌to‌ ‌the‌ ‌SpikerBot‌ ‌neuroscience‌ ‌curriculum?‌ ‌(select‌ ‌up‌ ‌to‌ ‌3‌ ‌answers)‌ ‌ 
‌ 

● Textbook‌ ‌ 
● Student‌ ‌worksheets‌ ‌(online‌ ‌&‌ ‌printable)‌ ‌ 
● Video‌ ‌library‌ ‌of‌ ‌demonstrations‌ ‌of‌ ‌laboratory‌ ‌exercises‌ ‌(ex-‌ ‌YouTube‌ ‌channel)‌ ‌ 
● STEM‌ ‌career‌ ‌connections‌ ‌(profession‌ ‌profiles,‌ ‌interviews‌ ‌with‌ ‌experts,‌ ‌networking‌‌ 

opportunities,‌ ‌etc)‌ ‌ 
● Problem-based‌ ‌challenges‌ ‌and‌ ‌games‌ ‌(e.g.‌ ‌FIRST‌ ‌Robotics,‌ ‌FTC)‌ ‌ 
● Online‌ ‌platform‌ ‌to‌ ‌share‌ ‌brain‌ ‌designs‌ ‌ 

‌ 
‌ 
‌ 
‌ 
‌ 
‌ 
‌ 
‌ 
‌ 
‌ 
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Q11.‌ ‌How‌ ‌long‌ ‌do‌ ‌you‌ ‌think‌ ‌the‌ ‌SpikerBot-based‌ ‌curriculum‌ ‌should‌ ‌be‌ ‌(assuming‌ ‌each‌‌ 
lesson‌ ‌is‌ ‌60‌ ‌minutes)?‌ ‌ 

‌ 
‌ 
‌ 

Q12.‌ ‌If‌ ‌a‌ ‌classroom‌ ‌set‌ ‌of‌ ‌SpikerBots‌ ‌costs‌ ‌$2500‌ ‌(about‌ ‌10‌ ‌robots‌ ‌for‌ ‌30‌ ‌students),‌ ‌how‌‌ 
would‌ ‌you‌ ‌go‌ ‌about‌ ‌acquiring‌ ‌these‌ ‌funds?‌ ‌(select‌ ‌all‌ ‌that‌ ‌apply):‌ ‌ 
‌ 

● I‌ ‌can‌ ‌use‌ ‌my‌ ‌department/school‌ ‌funds‌ ‌ 
● I‌ ‌would‌ ‌need‌ ‌additional‌ ‌private‌ ‌donations‌ ‌(ex.‌ ‌DonorsChoose)‌ ‌ 
● I‌ ‌would‌ ‌need‌ ‌to‌ ‌apply‌ ‌for‌ ‌a‌ ‌grant‌ ‌ 
● I‌ ‌would‌ ‌need‌ ‌to‌ ‌recruit‌ ‌other‌ ‌teachers‌ ‌ 
● Other,‌ ‌please‌ ‌specify‌ ‌ 

‌ 
‌ 
‌ 
‌ 
‌ 
‌ 
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Q13.‌ ‌What‌ ‌kind‌ ‌of‌ ‌professional‌ ‌development‌ ‌resources‌ ‌do‌ ‌you‌ ‌think‌ ‌would‌ ‌be‌ ‌most‌‌ 
beneficial‌ ‌to‌ ‌teachers‌ ‌adopting‌ ‌SpikerBots‌ ‌for‌ ‌the‌ ‌first‌ ‌time?‌ ‌(select‌ ‌up‌ ‌to‌ ‌3‌ ‌answers)‌ ‌ 
‌ 

● In‌ ‌person,‌ ‌half-day‌ ‌training‌ ‌workshop‌ ‌(post-COVID)‌ ‌ 
● In‌ ‌person,‌ ‌whole‌ ‌day‌ ‌training‌ ‌workshop‌ ‌(post-COVID)‌ ‌ 
● Live‌ ‌virtual‌ ‌training‌ ‌workshops‌ ‌ 
● Pre-recorded‌ ‌videos‌ ‌(ex-‌ ‌YouTube‌ ‌channel)‌ ‌ 
● In-class‌ ‌demonstrations‌ ‌by‌ ‌Backyard‌ ‌Brains‌ ‌ 
● Online‌ ‌teacher‌ ‌forum‌ ‌ 
● Online‌ ‌support‌ ‌by‌ ‌Backyard‌ ‌Brains‌ ‌ 
● Other‌ ‌ 

‌ 
‌ 
‌ 

Q14.‌ ‌Would‌ ‌learning‌ ‌to‌ ‌use‌ ‌the‌ ‌SpikerBot‌ ‌(ex.‌ ‌by‌ ‌participating‌ ‌in‌ ‌a‌ ‌workshop)‌ ‌count‌‌ 
towards‌ ‌professional‌ ‌development‌ ‌hours/credits‌ ‌that‌ ‌are‌ ‌required‌ ‌by‌ ‌your‌ ‌school‌ ‌to‌‌ 
collect?‌ ‌ 

‌ 
‌ 
‌ 
‌ 
‌ 
‌ 
‌ 
‌ 
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Q15.‌ ‌How‌ ‌do‌ ‌you‌ ‌currently‌ ‌describe‌ ‌your‌ ‌gender?‌ 

‌ 
‌ 
‌ 

Q16.‌ ‌How‌ ‌do‌ ‌you‌ ‌currently‌ ‌describe‌ ‌your‌ ‌race/ethnicity?‌ ‌(mark‌ ‌all‌ ‌options‌ ‌that‌‌ 
correspond)‌ ‌ 

‌ 
‌ 
‌ 

Q17.‌ ‌How‌ ‌long‌ ‌have‌ ‌you‌ ‌been‌ ‌teaching?‌ ‌ 

‌ 
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