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Driving	
  Ques,ons	
  for	
  the	
  Literature	
  Review:	
  
	
  
1.   How	
  can	
  we	
  re-­‐conceptualize	
  the	
  past	
  literature	
  on	
  “scien6fic	
  inquiry”	
  	
  in	
  the	
  

face	
  of	
  the	
  new	
  terminology	
  of	
  the	
  NGSS?	
  
	
  

	
  Developing	
  &	
  Execu,ng	
  Methods:	
  
•  Conceptual	
  Framework	
  from	
  which	
  to	
  consider	
  the	
  PracCces?	
  
•  Defining	
  (comprehensive)	
  search	
  terms.	
  
•  What	
  parameters	
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  which	
  to	
  evaluate	
  exisCng	
  literature?	
  

	
  
	
  
	
  
2.	
  	
  Which	
  Prac6ces	
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  in	
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  &	
  Space	
  Sciences	
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  as	
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  paths”	
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  terms.	
  

Practice: Search Terms Topics Encountered in the 
Search 

Developing and 
Using Models 

Models*; Developing Models; Using 
Models; Modeling; Model-Based; 
Model-Based Conceptual Change; 
Conceptual Model; Scientific Models; 
Causal Models; Systems Model 

mental models; 
misconceptions/alternative 
conceptions/preconceptions; 
conceptual change; analogical 
thinking; visualization; spatial 
thinking; student conceptions of 
deep time; systems thinking; 
model-based learning; gesturing; 
concept mapping; Sun-Moon-
Earth system; watershed models; 
computational models; virtual 
environments; Google Earth/GIS 
as an educational tool; 
constructivist learning 

 1 
•  Started	
  with	
  terminology	
  of	
  the	
  Next	
  Genera,on	
  Science	
  Standards,	
  then	
  added	
  

search	
  terms	
  based	
  on	
  the	
  nature	
  of	
  results.	
  
	
  

•  For	
  each	
  search,	
  results	
  were	
  reviewed	
  for	
  ~15-­‐20	
  pages	
  (depending	
  on	
  the	
  
relevancy	
  of	
  the	
  results)	
  and	
  con,nued	
  un,l	
  liVle-­‐to-­‐no	
  novel/relevant	
  results.	
  

Note:	
  	
  Search	
  terms	
  as	
  outlined	
  above	
  
were	
  combined	
  with	
  “Geosciences”;	
  
“Geology”,	
  &“Earth	
  Sciences”	
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•  Some	
  papers	
  fit	
  into	
  mulCple	
  categories	
  (e.g.	
  
Literature	
  Review	
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  Outline	
  of	
  a	
  Framework)	
  

•  Papers	
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  from	
  search	
  terms	
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“Developing	
  &	
  Using	
  Models”	
  	
  (N=	
  73)	
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phasizes the nonlinear nature of scien-
WL¿F�ZRUN���6WXGHQWV�DOVR�UHFRJQL]HG�
WKDW�VRPH�VWHSV�DUH�QRW�FRPSOHWHG�LQ�
DOO� LQYHVWLJDWLRQV�� �)RU�H[DPSOH��IRU�
the candle burning inquiry, the step 
“investigating the known” was not 
FRPSOHWHG���:H�KDYH�DOVR�IRXQG�WKDW�
the process of stopping, evaluating the 
science practice that is currently being 
XVHG��DQG�PDSSLQJ�RXW�WKH�VHTXHQFH�
RI� DFWLYLWLHV� SURYLGHV� VWXGHQWV� WLPH�
to evaluate what exactly they are do-
ing in the lab and to think about their 
learning and doing process, that is, to 
XVH�PHWDFRJQLWLRQ�LQ�WKHLU�ZRUN�

The next step in developing the 
NGSS�VFLHQFH�SUDFWLFH�PRGHO�LQYROYHG�
PRGLI\LQJ� WKH� LPDJHU\� GHYHORSHG�
E\�+DUZRRG� ������� WR�¿W� WKH� HLJKW�
NGSS science practices (Figure 5). 
8QOLNH�+DUZRRG¶V�PRGHO��ZH�FKRVH�
QRW�WR�SXW�RQH�RI�WKH�PDMRU�DFWLYLWLHV�
DW�WKH�FHQWHU�RI�WKH�GLDJUDP��ZKLFK�ZH�
OHIW�RSHQ�WR�PRUH�HDVLO\�GUDZ�LQ�WKH�
procedural paths.  In the next section, 
ZH�SURYLGH� WZR� H[DPSOHV� RI�ZKHUH�
ZH�XVHG�WKLV�PRGHO�LQ�RXU�ZRUN�ZLWK�
preservice teachers.

NGSS science practice model
Example 1: Elementary 
preservice teachers 
7KH� ¿UVW� H[DPSOH� RI� WKH� XVH� RI�
the NGSS� VFLHQFH� SUDFWLFH� PRGHO�
LV� IURP� D� FRXUVH� IRU� SUHVHUYLFH� HO-
HPHQWDU\� WHDFKHUV� WKDW� IRFXVHG� RQ�
VFLHQWL¿F� LQTXLU\� DQG� VHUYHG� DV� D�
bridge class between science con-
WHQW� FRXUVHV� DQG� VFLHQFH� PHWKRGV�
courses.  We used the NGSS science 
SUDFWLFH�PRGHO� GXULQJ� WKUHH� GLIIHU-
ent laboratories; we will report on 
UHVXOWV� IURP� D� JXLGHG� LQTXLU\� RZO�
pellet dissection lab.

Figure 6 shows the results of a 
VWXGHQW� WUDFNLQJ� WKH� JURXS¶V� DFWLYL-
ties using the NGSS science practice 
PRGHO���7DEOH���VKRZV�D�VKRUW�GHVFULS-
WLRQ� IURP�RQH�JURXS�RI� WKH� VSHFL¿F�
tasks they were undertaking.  Clearly, 
the crossing lines and returning to 
WKH�VDPH�VFLHQFH�SUDFWLFHV�PRUH�WKDQ�
RQFH� GHPRQVWUDWHV� WKH� QRQOLQHDU�

FIGURE 5
Science practice model.

FIGURE 6
Science practice model annotated for owl pellet inquiry.

process for the owl pellet dissection.  
6RPH�VWXGHQW�JURXSV�H[FOXGHG�VRPH�
RI�WKH�VWHSV²IRU�H[DPSOH��HQJDJLQJ�

LQ� DUJXPHQW� IURP� HYLGHQFH�� �7KLV�
UHÀHFWLRQ�RQ�WKHLU�RZQ�SUDFWLFH�DV�LW�
was happening helped students see 
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courses.  We used the NGSS science 
SUDFWLFH�PRGHO� GXULQJ� WKUHH� GLIIHU-
ent laboratories; we will report on 
UHVXOWV� IURP� D� JXLGHG� LQTXLU\� RZO�
pellet dissection lab.

Figure 6 shows the results of a 
VWXGHQW� WUDFNLQJ� WKH� JURXS¶V� DFWLYL-
ties using the NGSS science practice 
PRGHO���7DEOH���VKRZV�D�VKRUW�GHVFULS-
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tasks they were undertaking.  Clearly, 
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FIGURE 6
Science practice model annotated for owl pellet inquiry.

process for the owl pellet dissection.  
6RPH�VWXGHQW�JURXSV�H[FOXGHG�VRPH�
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WKDW�QRW�DOO�DVSHFWV�RI�VFLHQWL¿F�SUDF-
tices are used in every science activity 

DQG�IXUWKHU�KHOSHG�WR�GLVSHO�WKH�P\WK�
RI� WKH� VLQJXODU� VFLHQWL¿F�PHWKRG� DV�
VXJJHVWHG�E\�OLQHDU�PRGHOV�

7KH�UHÀHFWLRQ�RQ�VFLHQFH�SUDFWLFHV�
was perceived to be very helpful by 

the students, and they reported dur-

LQJ�WKH�HQG�RI�WHUP�FODVV�GLVFXVVLRQ�
that using the NGSS science practice 

PRGHO�ZDV� WKH� DVSHFW� RI� WKH� FODVV�
VWXGHQWV� OLNHG�DQG� OHDUQHG� IURP� WKH�
PRVW���,Q�SDUWLFXODU��VWXGHQWV�UHSRUWHG�
that this technique was good practice 

in understanding the process of sci-

HQFH��KHOSLQJ�WKHP�WR�WKLQN�DERXW�KRZ�
VFLHQFH�ZDV�UHDOO\�GRQH��WR�GH¿QH�DQG�
SURYLGH�UHDO�H[DPSOHV�RI�WKH�GLIIHUHQW�
science practices (because they were 

GRLQJ�WKHP���DQG�WR�WKLQN�DERXW�ZKDW�
they were doing during their work 

�PHWDFRJQLWLRQ��

Example 2: Middle and high 
school preservice teachers
We also used the NGSS science prac-

WLFH� PRGHO� LQ� D� VLPLODU� FRXUVH� IRU�

TABLE 1 
Steps for the NGSS practice model referred to in Figure 6.

Steps Speci!cs of practice

1 Made a food web model.

2 We got our owl pellets and he gave us questions.

3 We then planned out how we were going to make all the 
measurements and then carried it out.

4 Used mathematical thinking to make measurements.

5 Dissected the owl pellet, found bones, and other information.

6 Asked the question, “What bones are these?”

7 We used an owl pellet bone chart model to answer the above question.

8 We then used the data and the owl pellet bone model to interpret and 
understand what creature the bones belonged to.

9 We are debating over the di!erent possibilities of what the bones could 
be and why they would be the bones for that animal.

10 We believe we know what the animal bones we found and constructed 
an explanation.

11 As an even larger group (the whole class) we talked about what 
we found, communicating new information. We all obtained new 
information.

12 We then engaged in argument to create a new food web and what the 
di!erent bones are.

PLGGOH� DQG� KLJK� VFKRRO� SUHVHUYLFH�
teachers.  We applied the procedure 

to an exercise on plate tectonics 

called discovering plate boundaries 

(Sawyer, Henning, Ship, & Dunbar, 

2005) that was used to illustrate the 

LPSRUWDQFH� RI� SDWWHUQV� �DQ� NGSS 

crosscutting concept) and as a plat-

IRUP�IRU�FRQGXFWLQJ�D�PRGHO�EDVHG�
LQTXLU\��'XULQJ�WKLV�MLJVDZ�DFWLYLW\��
VWXGHQWV� PDGH� REVHUYDWLRQV� RI� WKH�
global distribution of four types of 

data (volcano locations, earthquake 

depth and epicenter, topography and 

DJH�RI�WKH�RFHDQ�ÀRRU��DQG�WKHQ�GH-
YHORSHG�D�FODVVL¿FDWLRQ�VFKHPH�IRU�
each data type.  Students then devel-

RSHG�D�QHZ�FODVVL¿FDWLRQ�PRGHO�LQ-

corporating all the data types, which 

WKH\�FRPSDUHG�ZLWK� WKH�FRPPRQO\�
DFFHSWHG�SODWH�WHFWRQLF�PRGHO�IRU�D�
VSHFL¿F�SODWH���$V�GHVFULEHG�HDUOLHU��
students were required to track their 

VSHFL¿F� DFWLYLWLHV� DV� WKH\� ZRUNHG�
WKURXJK�WKH�SURMHFW���)LJXUH���VKRZV�
DQ�H[DPSOH�RI�D�VWXGHQW¶V�ZRUN�

We unpacked the use of the NGSS 

VFLHQFH� SUDFWLFH�PRGHO� LQ� D� FODVV�
GLVFXVVLRQ� IROORZLQJ� FRPSOHWLRQ�
of the activity.  As with the other 

course, students found the activity to 

be useful. These students were not so 

“surprised” by the illustration of the 

nonlinear nature of science provided 

by the exercise.  This is probably be-

cause, prior to the discovering plate 

ERXQGDU\�SURMHFW��VWXGHQWV�UHYLHZHG�
DQG�PDGH�SUHVHQWDWLRQV�RI�FDVH�VWXG-

LHV� RQ� VFLHQWLILF� GLVFRYHULHV� IURP�
the Understanding Science website 

(www.understandingscience.org).  

The case studies clearly illustrate 

the nonlinear nature of the different 

science discoveries.  A second pos-

VLELOLW\� LV� WKDW�PRVW�RI� WKH�VWXGHQWV�
LQ�WKH�FRXUVH�DUH�VFLHQFH�PDMRUV��DQG�
GXULQJ�WKH�FODVV�ZH�OHDUQHG�WKDW�PDQ\�
had conducted scientific research 

DV� LQGHSHQGHQW�SURMHFWV�RU� VXPPHU�
internships. 

Theoretical considerations 
for science practice model
The Framework and the NGSS 

ZHUH� LQIRUPHG� E\� UHVHDUFK� LQ� KRZ�
VWXGHQWV� OHDUQ� DV� VXPPDUL]HG� LQ�
QXPHURXV�SXEOLFDWLRQV��H�J���%UDQV-
ford, Brown, & Cocking, 2000; 

Corcoran, Mosher, & Rogat, 2009; 

Duschl, Schweingruber, & Shouse, 

����).  Foundational cognitive sci-

HQFH� LGHDV� WKDW� LQIRUP� WKHVH� GRFX-

PHQWV� LQFOXGH� WKH� LPSRUWDQFH� RI�
students actively constructing sci-

HQWL¿F� NQRZOHGJH� DFURVV� JUDGH�
EDQGV�� WKH� DSSOLFDWLRQ� RI�PHWDFRJ-

nition whereby students closely 

TXHVWLRQ� DQG� H[DPLQH� WKHLU� RZQ�
OHDUQLQJ��DQG�WKH�XVH�RI�IXQGDPHQ-

WDO� IUDPHZRUNV� DQG�RU� WKHRULHV� IRU�
organizing knowledge and skills for 

later retrieval, transfer, and appli-

cation.  Our work with the science 

SUDFWLFH�PRGHO�VXSSRUWV�D�FRQVWUXF-

tivist view of learning where preser-

vice teachers, who have in general 

EHHQ� ³UDLVHG´� RQ� WKH� OLQHDU� PRGHO�
IRU�VFLHQFH��HQJDJH�LQ�VFLHQWL¿F�LQ-

TXLU\� SURFHVVHV� ZKLOH� PRQLWRULQJ�
their progress through using differ-

(From	
  Nyman	
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  St.	
  Clair,	
  2016,;	
  a[er	
  
Harwood,	
  2004-­‐	
  J	
  of	
  Col.	
  Sci.	
  Teaching)	
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phasizes the nonlinear nature of scien-
WL¿F�ZRUN���6WXGHQWV�DOVR�UHFRJQL]HG�
WKDW�VRPH�VWHSV�DUH�QRW�FRPSOHWHG�LQ�
DOO� LQYHVWLJDWLRQV�� �)RU�H[DPSOH��IRU�
the candle burning inquiry, the step 
“investigating the known” was not 
FRPSOHWHG���:H�KDYH�DOVR�IRXQG�WKDW�
the process of stopping, evaluating the 
science practice that is currently being 
XVHG��DQG�PDSSLQJ�RXW�WKH�VHTXHQFH�
RI� DFWLYLWLHV� SURYLGHV� VWXGHQWV� WLPH�
to evaluate what exactly they are do-
ing in the lab and to think about their 
learning and doing process, that is, to 
XVH�PHWDFRJQLWLRQ�LQ�WKHLU�ZRUN�

The next step in developing the 
NGSS�VFLHQFH�SUDFWLFH�PRGHO�LQYROYHG�
PRGLI\LQJ� WKH� LPDJHU\� GHYHORSHG�
E\�+DUZRRG� ������� WR�¿W� WKH� HLJKW�
NGSS science practices (Figure 5). 
8QOLNH�+DUZRRG¶V�PRGHO��ZH�FKRVH�
QRW�WR�SXW�RQH�RI�WKH�PDMRU�DFWLYLWLHV�
DW�WKH�FHQWHU�RI�WKH�GLDJUDP��ZKLFK�ZH�
OHIW�RSHQ�WR�PRUH�HDVLO\�GUDZ�LQ�WKH�
procedural paths.  In the next section, 
ZH�SURYLGH� WZR� H[DPSOHV� RI�ZKHUH�
ZH�XVHG�WKLV�PRGHO�LQ�RXU�ZRUN�ZLWK�
preservice teachers.

NGSS science practice model
Example 1: Elementary 
preservice teachers 
7KH� ¿UVW� H[DPSOH� RI� WKH� XVH� RI�
the NGSS� VFLHQFH� SUDFWLFH� PRGHO�
LV� IURP� D� FRXUVH� IRU� SUHVHUYLFH� HO-
HPHQWDU\� WHDFKHUV� WKDW� IRFXVHG� RQ�
VFLHQWL¿F� LQTXLU\� DQG� VHUYHG� DV� D�
bridge class between science con-
WHQW� FRXUVHV� DQG� VFLHQFH� PHWKRGV�
courses.  We used the NGSS science 
SUDFWLFH�PRGHO� GXULQJ� WKUHH� GLIIHU-
ent laboratories; we will report on 
UHVXOWV� IURP� D� JXLGHG� LQTXLU\� RZO�
pellet dissection lab.

Figure 6 shows the results of a 
VWXGHQW� WUDFNLQJ� WKH� JURXS¶V� DFWLYL-
ties using the NGSS science practice 
PRGHO���7DEOH���VKRZV�D�VKRUW�GHVFULS-
WLRQ� IURP�RQH�JURXS�RI� WKH� VSHFL¿F�
tasks they were undertaking.  Clearly, 
the crossing lines and returning to 
WKH�VDPH�VFLHQFH�SUDFWLFHV�PRUH�WKDQ�
RQFH� GHPRQVWUDWHV� WKH� QRQOLQHDU�

FIGURE 5
Science practice model.

FIGURE 6
Science practice model annotated for owl pellet inquiry.

process for the owl pellet dissection.  
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LQ� DUJXPHQW� IURP� HYLGHQFH�� �7KLV�
UHÀHFWLRQ�RQ�WKHLU�RZQ�SUDFWLFH�DV�LW�
was happening helped students see 
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•  Develop/Use	
  a	
  model	
  to	
  represent	
  
an	
  event	
  or	
  object	
  
	
  -­‐	
  Sun-­‐Moon-­‐Earth	
  System	
  

•  Develop/Use	
  a	
  model	
  to	
  represent	
  
differences	
  in	
  amounts,	
  scales.	
  
	
  -­‐	
  	
  regional	
  to	
  micro-­‐	
  scales	
  

•  Develop/Use	
  a	
  model	
  to	
  represent	
  
an	
  abstract/unobservable	
  concept.	
  
	
  -­‐	
  systems	
  thinking	
  
	
  -­‐	
  change	
  over	
  Cme	
  

	
  

Example	
  Prac6ce:	
  	
  Developing	
  &	
  Using	
  Models	
  
Execu6on	
  of	
  Methods:	
  	
  Emergent	
  Themes	
  for	
  the	
  Earth	
  &	
  Space	
  Sciences:	
  
•  ArCculaCng	
  “aspects	
  of	
  inquiry“	
  that	
  are	
  characterisCc	
  of	
  each	
  PracCce	
  in	
  the	
  

Earth	
  &	
  Space	
  Sciences	
  

A.   Develop/Use	
  a	
  model	
  to	
  represent	
  an	
  
event	
  or	
  object	
  

B.  Compare	
  models	
  to	
  find	
  similari,es	
  and/
or	
  differences	
  

C.   Develop/Use	
  a	
  model	
  to	
  represent	
  
differences	
  in	
  amounts,	
  scales	
  

D.   Develop/Use	
  a	
  model	
  to	
  represent	
  an	
  
abstract/unobservable	
  concept	
  

E.  Develop/Use	
  a	
  model	
  to	
  describe	
  
phenomena	
  

F.  Develop/Use	
  a	
  model	
  to	
  make	
  a	
  
predic,on	
  

G.  Develop/Use	
  a	
  model	
  to	
  explain	
  
rela,onships	
  

H.  Describe/Recognize	
  the	
  limita,ons	
  of	
  
models	
  

I.  Evaluate/Revise	
  a	
  Model	
  
J.  Describe/Use	
  a	
  Model	
  to	
  represent	
  

systems	
  or	
  parts	
  of	
  a	
  system	
  



Practice: Aspects Unique to the 
Nature of Science of the 

Geosciences 

Aspects Unique to the 
Geosciences as Science 

Practice 

Aspects Relevant for 
Teaching Geoscience 

Topics 
Developing 
and Using 
Models 

- Geoscientists investigate 
concepts that span a wide 
range of spatial and temporal 
scales that are commonly 
understood and discussed 
using models. 
 
- Geologists used models to 
make sense of abstract and/or 
unobservable objects and 
phenomena. 

- Analog models are 
used as physical 
representations of the 
Earth that are used in 
making predictions and 
investigating ideas. 
 
- Geoscientists represent 
Earth systems as models 
that are used as a 
common framework 
guiding all aspects of 
inquiry. 
 
- Representations of 
causal relationships in 
systems models are 
predictions that can be 
tested. 
 

- Analogies and Analog 
models can be used as 
tools for building 
knowledge of 
abstract/unobservable 
geoscience concepts by  
explicitly mapping the 
ways that the two 
examples are related  
 
- Model revision is 
important for students 
to move from 
representation to 
incorporation of causal 
mechanism. 
 
- Analog models allow 
students to manipulate 
the spatial and temporal 
scales of the model to 
study Earth processes 
  

 1 



Re-conceptualizing the Scientific Inquiry Geoscience 
Education Literature in Context of the K-12 Next 
Generation Science Standards (NGSS) Practices
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