
High School and Middle School Students Experience Authentic 
Science Research Investigating Active Galactic Nuclei 

Abstract	  
As	   part	   of	   the	   NASA/IPAC	   Teacher	   Archive	   Research	   Program	   (NITARP),	   four	   teachers	   and	   12	   students	   from	   public	   and	   private	   middle	   schools	   and	   high	   schools	   across	   the	   US	  
parDcipated	   in	   authenDc	   scienDfic	   research	  with	   guidance	   from	   a	   research	   scienDst	   from	  NASA's	   Spitzer	   Science	   Center.	   The	   goal	   of	   this	   program	   is	   to	   help	   teachers	   incorporate	  
research	  into	  middle	  and	  high	  school	  science	  classes.	  The	  team	  used	  data	  from	  the	  Sloan	  Digital	  Sky	  Survey	  (SDSS)	  and	  the	  Galaxy	  EvoluDon	  Explorer	  (GALEX)	  to	  analyze	  the	  relaDonship	  
between	  temperature	  and	   luminosity	  of	  quasars	  with	  redshiSs	  from	  z	  =	  0.1	  to	  z	  =	  0.5.	   In	  order	  to	  work	  effecDvely	  on	  the	  project,	  the	  team	  held	  weekly	  teleconferences	  starDng	   in	  
January	   2012	   and	  met	   for	   a	  week	   in	   July	   of	   2012	   at	   the	   Spitzer	   Science	  Center	   located	   at	   California	   InsDtute	  of	   Technology	  where	   they	   learned	  how	   to	   access	   the	  data	   from	   the	  
telescopes,	  how	  to	  manipulate	  the	  data	  into	  graphs	  of	  the	  appropriate	  informaDon,	  and	  how	  to	  make	  judgments	  about	  the	  quality	  of	  the	  correlaDon	  observed.	  For	  example,	  students	  
made	  plots	  of	  color	  vs.	  luminosity,	  used	  redshiS	  values	  to	  calculate	  distance,	  created	  SED’s	  for	  quasars,	  and	  plo[ed	  light	  curves	  for	  variable	  stars.	  ASer	  parDcipaDng	  in	  the	  program,	  
students	  reported	  that	  the	  field	  of	  astronomy	   is	   far	  more	  varied	  than	  they	  previously	  believed,	  and	  observed	  that	  astronomers	  do	  far	  more	  than	  “look	  through	  telescopes.”	  Other	  
students	  were	  able	  to	  create	  labs	  based	  on	  archived	  data	  to	  find	  black	  hole	  masses,	  to	  create	  HR	  diagrams,	  to	  derive	  power	  laws,	  and	  to	  create	  SEDs	  for	  quasars.	  Students	  are	  also	  
learning	  be[er	  methods	  to	  mentor	  each	  other,	  while	  teachers	  are	  now	  more	  likely	  to	  incorporate	  authenDc	  research	  experiences	  within	  their	  classrooms	  having	  been	  a	  part	  of	  this	  
project.	  
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You have selected the following parameters to search on:
Parameters for Distances and Cosmology: Ho= 73.0; !matter = 0.27; !vacuum = 0.73;
Derived Quantities use a Redshift corrected to a Reference Frame defined by the 3K CMB 

NED results for object SDSS J093943.74+560230.4

1 objects found in NED.    Skyplot(first 100)

SOURCE LIST

 Row          Object Name                 EquJ2000.0       Object  Velocity/Redshift    Mag./  Separ.               Number of                                 Row 
 No.     (* => Essential Note)       RA               DEC  Type     km/s       z   Qual Filter arcmin Refs Notes Phot Posn Vel/z Diam Assoc Images   Spectra  No. 
1    SBS 0936+562                   09h39m43.7s +56d02m30s G      >30000  0.116700      16.5g    ...    33     2   48    2     6   10     0 Retrieve

Detailed information for each object

Object No. 1 - SBS 0936+562

INDEX for SBS 0936+562

Essential Data (jump to sub-section of this query
report):

   Essential Note    
   Cross-IDs    
   Coordinates    
   Basic Data   
   Quantities Derived from Redshift    
   Redshift-Independent Distances
   Quick-Look Photometry and Luminosities

   Quick-Look Angular and Physical Sizes
   Classifications
   Foreground Galactic Extinction    
   External Services 

Detailed Data (NED queries):

Images    
48 Photometric data point(s) and SED   

Spectra   
Redshift-Independent Distances
33 Reference(s)   
2 Position data point(s)
6 Redshift data point(s)   
10 Diameter data point(s)   
2 Note(s)   

ESSENTIAL NOTE for SBS 0936+562 (Back to INDEX)

N/A

CROSS-IDENTIFICATIONS for SBS 0936+562 (Back to INDEX)
Object Names Type Object Names Type
SBS 0936+562 EmLS 1RXS J093942.8+560247 XrayS
2MASX J09394371+5602301 IrS RXS J093942.8+560247 XrayS
SDSS J093943.73+560230.4 QSO XMMSL1 J093944.4+560233 XrayS
SDSS J093943.74+560230.4 QSO RX J0939.7+5602:[BEV98] 002 G
SDSS J093943.74+560230.5 QSO [VCV2001] J093943.8+560231 G
SDSS J093943.75+560230.4 G [VCV2006] J093943.8+560231 G
PGC 027567 G   
RX J0939.7+5602 XrayS   

COORDINATES for SBS 0936+562 (Back to INDEX)

Position Reference:2007SDSS6.C...0000:

Reference    Frame     Longitude    Latitude        RA           DEC      Uncertainty Ellipse (arcsec)
                       (degrees)   (degrees)                              Semimajor Semiminor  PA(deg)
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Spectral Energy Distribution (SED) for SBS 0936+562:
48 Data Points

  Click to zoom in at a position of interest (uses a separate window).  
Select zoom factor:   4X  

                Postscript version of the SED plot

Error Bars  
Point Labels  
X=log(Freq.)(Hz)  
Y=log(Fnu)(W/m2/Hz)  
Autoscale data range  
Plot Again  

  New options    Format tabular data as:
HTML Table  
Change Table Format  

Photometric Data --- Published and Homogenized [Frequency, Flux Density] Units

 Published Units Homogenized Units [Frequency, Flux Density]

No. Observed Passband Measurement Uncertainty Units Freq
(Hz)

Measurement Uncertainty Units Mode Aperture/Qualifiers

1 FUV (GALEX) AB 17.066 +/- 0.046 mag 1.97E+15 5.42E-30 +/- 2.29E-31 W m^-2 Hz^-1 Broad-band

2 NUV (GALEX) AB 17.191 +/- 0.027 mag 1.36E+15 4.83E-30 +/- 1.20E-31 W m^-2 Hz^-1 Broad-band

3 u (SDSS PSF) AB 17.122 +/- 0.013 asinh mag 8.36E+14 5.34E-30 +/- 6.55E-32 W m^-2 Hz^-1 Broad-band SDSS Qualifiers

4 u (SDSS Model) AB 16.756 +/- 0.009 asinh mag 8.36E+14 7.47E-30 +/- 6.40E-32 W m^-2 Hz^-1 Broad-band SDSS Qualifiers

5 u (SDSS CModel) AB 17.076 ... asinh mag 8.36E+14 5.37E-30 ... W m^-2 Hz^-1 Broad-band SDSS Qualifiers

6 u (SDSS Petrosian)AB 16.949 +/- 0.016 asinh mag 8.36E+14 6.26E-30 +/- 9.19E-32 W m^-2 Hz^-1 Broad-band SDSS Petrosian Radius = 

7 u (SDSS PSF) AB 17.122 +/- 0.013 asinh mag 8.36E+14 5.34E-30 +/- 6.39E-32 W m^-2 Hz^-1 Broad-band SDSS Qualifiers

8 u (SDSS CModel) AB 17.076 ... asinh mag 8.36E+14 5.57E-30 ... W m^-2 Hz^-1 Broad-band SDSS Qualifiers

9 u (SDSS Model) AB 16.756 +/- 0.009 asinh mag 8.36E+14 7.47E-30 +/- 6.20E-32 W m^-2 Hz^-1 Broad-band SDSS Qualifiers

10 g (SDSS PSF) AB 17.115 +/- 0.014 asinh mag 6.17E+14 5.17E-30 +/- 6.90E-32 W m^-2 Hz^-1 Broad-band SDSS Qualifiers

11 g (SDSS Model) AB 16.425 +/- 0.004 asinh mag 6.17E+14 9.77E-30 +/- 3.18E-32 W m^-2 Hz^-1 Broad-band SDSS Qualifiers

12 g (SDSS CModel) AB 16.581 ... asinh mag 6.17E+14 8.47E-30 ... W m^-2 Hz^-1 Broad-band SDSS Qualifiers

13 g (SDSS Petrosian)AB 16.474 +/- 0.005 asinh mag 6.17E+14 9.34E-30 +/- 4.23E-32 W m^-2 Hz^-1 Broad-band SDSS Petrosian Radius = 

14 g (SDSS PSF) AB 17.115 +/- 0.014 asinh mag 6.17E+14 5.18E-30 +/- 6.67E-32 W m^-2 Hz^-1 Broad-band SDSS Qualifiers

15 g (SDSS CModel) AB 16.581 ... asinh mag 6.17E+14 8.46E-30 ... W m^-2 Hz^-1 Broad-band SDSS Qualifiers

16 g (SDSS Model) AB 16.425 +/- 0.004 asinh mag 6.17E+14 9.77E-30 +/- 3.60E-32 W m^-2 Hz^-1 Broad-band SDSS Qualifiers

The	  NITARP	  Experience	  
In	  January	  2012	  teachers	  a[ended	  the	  AAS	  conference	  in	  AusDn	  and	  met	  with	  their	  mentor	  scienDst	  and	  were	  introduced	  to	  their	  project.	  For	  the	  next	  several	  months	  the	  teachers	  
communicated	  through	  teleconference	  and	  email.	  In	  July	  the	  teachers	  and	  students	  met	  for	  four	  days	  at	  Caltech	  where	  through	  the	  guidance	  of	  their	  mentor	  scienDst	  the	  team	  was	  
instructed	  in	  the	  science	  of	  quasars,	  the	  use	  of	  archived	  data	  from	  NASA,	  and	  data	  manipulaDon	  using	  Excel	  to	  create	  color-‐magnitude	  diagrams.	  

Through	  the	  NITARP	  experience	  students	  were	  able	  to	  think	  logically	  through	  complex	  problems	  and	  apply	  science	  to	  real-‐life	  situaDons	  and	  appreciate	  a	  sense	  of	  belonging	  to	  the	  
scienDfic	  community,	  increase	  their	  collaboraDon	  and	  research	  skills,	  and	  develop	  and	  deepen	  their	  scienDfic	  literacy.	  For	  details	  regarding	  the	  science	  conducted	  by	  our	  team	  please	  
see	  the	  poster	  #	  339.39,	  “Color	  Magnitude	  Diagrams	  for	  Quasars	  Using	  SDSS,	  GALEX,	  and	  WISE	  Data”,	  W.	  CurDs	  et	  al.	  at	  this	  meeDng.	  

Educa7on	  
Students	   have	  been	   given	   access	   to	   the	  data	   from	  SDSS,	  
GALEX,	   and	   WISE	   and	   have	   embarked	   on	   their	   own	  
projects	   to	   discover	   relaDonships	   within	   the	   data	   sets.	  
Students	   have	   created	   SED’s,	   derived	   power	   laws,	  
calculated	   luminosity	   and	   calculated	   the	   mass	   of	   black	  
holes	   from	   luminosity	   using	   the	   Eddington	   limit.	  
Curriculum	  for	  informal	  study	  is	  being	  developed	  using	  the	  
guidelines	   of	   the	   New	   K-‐12	   NaDonal	   Science	   EducaDon	  
Standards.	  The	  acDviDes	  will	  be	  intended	  for	  use	  by	  small	  
groups	   in	   Earth	   science	   and	   astronomy	   classes.	   The	  
curriculum	   will	   be	   made	   public	   and	   shared	   with	   other	  
local	  science	  teachers.	  

Outreach	  	  
This	  project	  has	  been	  presented	  to	  three	  groups	  to	  date:	  Visitors	  to	  the	  McAulliff-‐Shepard	  Discovery	  Center	  (Concord,	  
NH),	  visitors	  to	  the	  University	  of	  New	  Hampshire's	  NH	  Fall	  Astronomy	  FesDval,	  	  and	  to	  the	  residents	  of	  the	  Riverwoods	  
reDrement	  community	  in	  Exeter,	  NH.	  In	  addiDon	  talks	  to	  Phillips	  Exeter	  Academy	  alumni	  and	  the	  public	  will	  be	  given	  
at	  events	  in	  London,	  England	  and	  Paris,	  France	  as	  part	  of	  the	  Academy's	  ongoing	  outreach	  programs.	  AddiDonally,	  in	  
partnership	  with	  The	  Cradle	  of	  AviaDon	  Museum	  in	  Uniondale,	  New	  York,	  which	  has	  implemented	  a	  mulD-‐disciplinary	  
approach	   to	   teaching	   that	   incorporates	  Astronomy.	   	  We	  have	  been	  part	  of	  a	  number	  of	  professional	  development	  
meeDngs	   and	   students	   have	   taken	   part	   in	   museum	   acDviDes.	   Currently	   an	   arDcle	   is	   being	   wri[en	   about	   this	  
experience	  to	  be	  published	   in	  the	  Los	  Angeles	  Astronomical	  Society	  newsle[er,	  and	  to	  present	  the	  project	  and	  the	  
NITARP	  program	  to	  the	  general	  meeDng	  at	  Griffith	  Observatory.	  	  	  

"The best thing about this program is essentially allowing kids who want	

 to dabble in this field to do research and collaborate with scientists on a real,	

 un-canned project. The NASA part is also pretty cool."	


“The best thing about being a part of the program was being able to work with	

 students from completely different schools and areas who had the same passion	

 for astronomy as I do. It not only created a successful group environment,	

 but it also helped me to further my learning in astronomy.” 	


“The best thing about this program was getting first hand experience	

 from a NASA scientist. I felt that I learned more, and my prior 	

knowledge was put to the test and my knowledge expanded greatly.” 	


“Made me want to do more research and confirmed	

 my interest in majoring in astrophysics.”	


“The program made me realize that even though I am still only	

 a senior in high school, I am capable of being able to interpret	

 data and research in the same way as most astronomers.”	



