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Summary 
 

Ambitious efforts are taking place to 
implement a new vision for science 
education in the United States, in both 
Next Generation Science Standards 
(NGSS) adopted states and those states 
creating their own, often related, 
standards.  In-service and pre-service 
teacher educators across the United States 
are involved in supporting teacher shifts 
in practice toward the new standards.  
With these efforts, it will be important to 
document shifts in science instruction 
towards the goals of NGSS and broader 
science education reform.  Survey 
instruments are often used to capture 
instructional practices, however existing 
surveys primarily measure inquiry based 
on previous definitions and standards, and 
with a few exceptions disregard key 
instructional practices considered outside 
the scope of inquiry.  A comprehensive 
survey and a clearly defined set of items 
aligned to new science education reforms 
does not exist. To address this need, we 
developed and validated a Science 
Instructional Practices (SIPS) survey 
instrument that is appropriate for NGSS 
and other related science standards. Final 
subscales include: Instigating an 
Investigation, Data Collection and 
Analysis, Critique, Explanation and 
Argumentation, Modeling, Traditional 
Instruction, Prior Knowledge, Science 
Communication, and Discourse. 
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The Need for a Science Instructional  
Practices Survey 
 
As NGSS and related standards systems are 
rolled out across states, policy makers and PD 
providers will need to know the results of their 
efforts (NRC, 2012, 2013).  Survey instruments 
are commonly used to capture instructional 
practices due to their practicality in 
administration.  Yet, many of the existing 
science instruction surveys measure a small and 
outdated set of inquiry practices, and most do 
not cover relevant non-inquiry instructional 
practices (e.g., incorporating student discourse).  
No existing instrument comprehensively 
measures both NGSS science and engineering 
practices (SEPs) and other relevant instructional 
practices with clearly defined sets of items.   
 
In this white paper we present a survey 
instrument (Science Instructional Practices; 
SIPS) created to measure a range of pedagogical 
approaches relevant for science education in the 
current context of NGSS reform (Hayes, Lee, 
DiStefano, O’Connor, & Seitz, 2016).  The SIPS 
instrument provides researchers and teacher 
educators with a valid and reliable survey that 
measures a range of science instructional 
practices appropriate and necessary for science 
education, focused on 3rd through 10th grades.  
The SIPS instrument is critical for researchers 
and teacher educators interested in 
understanding instructional shifts in large 
samples of teachers, whether measuring results 
from professional development or the 
implementation of science education policies.   
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Collection of survey data will help us understand teachers’ struggles and progress in implementing 
NGSS SEPs, including the following exemplar questions: 

   
• What are the shifts science teachers are making towards integrating opportunities for students 

to engage in the Science and Engineering (SE) Practices in their classrooms (items 1-17)? 
 
• What are the shifts science teachers are making towards providing more integrated science 

instruction that makes science accessible for all students (items 22-31)?    
 
• To what extent does participation in professional development activities support teachers in 

shifting their practices?    
 

 
 

Defining Instructional Practices 
To create the survey, we identified five key areas of instructional practice that needed to be covered by 
sets of survey items.  These areas are presented in Table 1. Each item was rated on a 5-point Likert scale 
ranging from 1 (Never), 2 (Rarely- a few times a year), 3 (Sometimes- once or twice a month), 4 (Often), 
and 5 (Daily or almost daily).  Because a classroom based on NGSS should move away from teacher-
centered and highly structured labs and toward investigation activities involving students in critical 
thinking and meaning construction (Zimmerman, 2007), we wrote items for each SE practice that 
delineated between:  1) The level of student involvement, which reflects literature regarding the 
important role of teacher guidance and carefully structured scaffolds for student decision-making 
(Marshall, et al. 2009); and 2) The level of cognitive demand, necessary to complex thinking and 
reasoning (Tekkumru Kisa, et al. 2015).  For example, “identifying testable questions from observations 
of phenomena” supports activity at a higher student cognitive involvement than simply “generating 
questions or predictions to explore.”   
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Table 1:  Areas of the literature, relevant survey subscales and NGSS SE practice, and items. 

 

Area of the literature Subscale name NGSS SE 
practice 

Items 

Empirical Investigation: Focus on investigation 
procedure; asking questions, determining what needs to 
be measured, observing phenomena, planning 
experiments, and collecting and analyzing data 
(Anderson, 2002; NRC, 2012) 
 

1.  Instigating an 
Investigation 

1, 3 1-4 
 

2.  Data Collection and 
Analysis 

3, 4, 5 5-9 
 

Evaluation and Explanation:  Focus on modeling, 
evaluation and argumentation:  constructing explanations, 
evaluating appropriateness based on evidence, fitting 
models, and critiquing ideas (Driver, Newton, & 
Osborne, 2000; Steward, Cartier, & Passmore, 2005) 

3.  Critique, Explanation and 
Argumentation 

6, 7 10-14 

4.  Modeling  2   
15-17 
 

Traditional Instruction:  Traditional teacher-centered 
approaches, including direct instruction, demonstration, 
worksheet or text-book work  (Zimmerman, 2007) 
 

5.  Traditional Instruction  18-21 

Prior Knowledge:  Engaging students’ prior knowledge 
and real-world and home applications of science to bridge 
between science epistemologies and student experience 
(Calabrese Barton, 2002; Lee, Luykx, Barton, & Shaver, 
2007) 
 

6.  Prior Knowledge  22-24 

Science Discourse and Communication:  Opportunities 
for participation in scientific discourse that enculturates 
students into scientific language and practices (Forbes, 
Biggers & Zangori, 2013; Khun, 2015) 
 

Multidimensional construct:  
Science Discourse and 
Communication 

8 25-31 

 
Of note, almost all items pertaining to opportunities for science discourse and communication (items 25-
31) were multidimensional in the factor analysis, because teachers may do communication and discourse 
activities as part their instructional activities measured by other subscales. We present these as 
additional items for consideration in the SIPS survey, however, they were excluded from our final 24-
item survey that are categorized into six subscales. 
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SIPS Survey 
 

 Never Rarely 
(a few 
times a 
year) 

Sometimes 
(once or 
twice a 
month) 

Often 
(once or 
twice a 
week) 

Daily or 
almost 
daily 

 

How often do your students do each of the following in your science classes: 
1. Generate questions or predictions to explore 1 2 3 4 5 
2. Identify questions from observations of phenomena 1 2 3 4 5 
3. Choose variables to investigate (such as in a lab setting) 1 2 3 4 5 
4. Design or implement their OWN investigations 1 2 3 4 5 
5. Make and record observations 1 2 3 4 5 
6. Gather quantitative or qualitative data 1 2 3 4 5 
7. Organize data into charts or graphs 1 2 3 4 5 
8. Analyze relationships using charts or graphs 1 2 3 4 5 
9. Analyze results using basic calculations 1 2 3 4 5 
10. Explain the reasoning behind an idea  1 2 3 4 5 
11. Respectfully critique each others’ reasoning 1 2 3 4 5 
12. Supply evidence to support a claim or explanation 1 2 3 4 5 
13. Consider alternative explanations  1 2 3 4 5 
14. Make an argument that supports or refutes a claim 1 2 3 4 5 
15. Create a physical model of a scientific phenomenon (like 

creating a representation of the solar system) 
1 2 3 4 5 

16. Develop a conceptual model based on data or 
observations (model is not provided by textbook or 
teacher) 

1 2 3 4 5 

17. Use models to predict outcomes 1 2 3 4 5 
 

How often do you do each of the following in your science instruction: 
18. Provide direct instruction to explain science concepts 1 2 3 4 5 
19. Demonstrate an experiment and have students watch 1 2 3 4 5 
20. Use activity sheets to reinforce skills or content 1 2 3 4 5 
21. Go over science vocabulary 1 2 3 4 5 
22. Apply science concepts to explain natural events or real-

world situations.  
1 2 3 4 5 

23. Talk with your students about things they do at home 
that are similar to what is done in science class (e.g., 
measuring, boiling water).  

1 2 3 4 5 

24. Discuss students’ prior knowledge or experience related 
to the science topic or concept.  

1 2 3 4 5 
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Science Discourse and Communication (for consideration- items 25 to 31 were not included in the final survey)  

 

How often do your students do each of the following in your science classes: 
25. Write about what was observed and why it happened 1 2 3 4 5 
26. Present procedures, data and conclusions to the class 

(either informally or in formal presentations) 
1 2 3 4 5 

27. Read from a science textbook or other hand-outs in class 1 2 3 4 5 
28. Critically synthesize information from different sources 

(i.e. text or media) 
1 2 3 4 5 

 

How often do you do each of the following in your science instruction: 
29. Use open-ended questions to stimulate whole class 

discussion (most students participate)  
1 2 3 4 5 

30. Have students work with each other in small groups  1 2 3 4 5 
31. Encourage students to explain concepts to one another  1 2 3 4 5 
 

Example of the SIPS instrument in Use 
 

Example 1: Comparing Average 
Teacher Practices  
The amount of time teachers 
indicated engaging in each area of 
instructional practice reported 
here, from a sample of 155 
teachers, provides a preliminary 
window into teacher practices.  
First, teachers reported engaging 
in Modeling (Factor 4) the least, 
closely followed by Instigating an 
Investigation (Factor 1) and 
Critique, Explanation and 
Argumentation (Factor 3).  The 
relatively low average ratings for 
Factors 3 and 4 correspond to scholarship that suggests modeling, explanation, and 
argumentation are the least familiar to teachers and the least often implemented (Capps & 
Crawford, 2013; Forbes, et al. 2014).  The low rating on Instigating an Investigation (Factor 1) 
could be due to the emphasis in these items on student decision making (the lowest rated item in 
that factor and on the entire survey was “[students] design or implement their OWN 
investigations;” 2.19).  As expected, Traditional Instruction averaged relatively high, although 
not the highest, which was Prior Knowledge.   
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Example 2: Changes in Instructional Practice Following PD 
 
Figure 2 demonstrates 
change over time before 
and after a series of 
Professional 
Development 
workshops for 28 
teachers.  These 
teachers rated similarly 
low on several 
constructs having to do 
with modeling, 
investigations, and 

critique.  However, they demonstrated substantive and significant (in all but Traditional) pre- to 
post- increases after taking the workshop series.  Whether these increases remain in place could 
be tested by asking the teachers to take the survey again in one year. 
 

Example 3: Statistical Analysis of the Relationship with PD 
We used the SIPS survey to analyze whether teachers’ number of science professional 
development hours had a significant relationship with their rating on each subscale.  Regression 
analysis demonstrated that the number of hours significantly but weakly predicted subscales 1) 
Instigating an Investigation, 3) Critique, Explanation and Argumentation, and 4) Modeling, in 
each case explaining 3-4% of the variance with p < .05. In addition, PD hours had a negative 
relationship with 5) Traditional Instruction, explaining 4% of the variance (p < .5).  
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Cautionary Recommendations 
 
Any survey instrument of instructional practices filled out by teachers has inherent issues of 
validity, as teachers may rate themselves as implementing the instructional practice to a 
greater or lesser extent depending on their perception of their practice (Desimone, et al. 
2002).  Ratings are also influenced by the degree to which teachers understand the subscale; 
for example, teachers may shift their understanding of how and to what extent they 
implement Modeling as they come to understand the nature of this NGSS SE Practice.  For 
this reason, some researchers recommend conducting a retrospective pre-survey (if measuring 
results of an intervention), or triangulating survey results with classroom observations (Hill & 
Betz, 2005).  In addition, be cautious when using this survey with elementary teachers, as the 
available answers (never to daily) may not be interpreted in the same way by science 
specialists and self-contained classroom teachers.   Finally, the Science Discourse and 
Communication items should be used with great caution, as they do not exhibit the 
characteristics of a coherent sub-scale. 
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SIPS INSTRUMENT DESIGN AND VALIDATION 

Instrument development and testing proceeded in 7 phases.  In phase 1, an extensive 
review of the literature generated five areas of instructional practice.  Phase 2 consisted of a 
second review of the literature to determine existing instruments as well as identifying, 
revising, and creating items.   

Sources of science instructional practices response items.   
Main source instruments Citation 

Horizon Survey of Science and 
Mathematics Education 

Banilower, et., 2013 

Science teaching practices Lee, et al., 2009 

Scientific inquiry scale Llewellyn, 2013 

PSOP (observation tool) Forbes, et al., 2013 

EQUIP (observation tool) Marshall, et al., 2009 

NGSS practices NRC, 2012 

 
 Phases 3 and 4 involved validation through expert review and teacher cognitive 
interviews.  The 31-item survey was then tested with 3rd through 10th grade science teachers 
(397) taking part in NSF-funded professional development focused on improving science 
content and implementing NGSS.  In phase 5, construct validity was assessed through 
Exploratory Factor Analysis (EFA).  The emergent factors were then tested for validity 
through confirmatory factor analysis (CFA) with an independent sample; the six factor model 
met all Goodness of Fit indices. Reliability was established through internal consistency 
(phase 6); all factors exhibited moderate to high internal consistency (Cronbach’s alpha = 
.80-.88).  Finally, evidence for criterion validity was generated through correlations between 
teacher hours of NGSS PD participation and school demographics (Free and Reduced Lunch, 
accountability profile) in accordance with the literature (Phase 7).   

 
                       Correlations between the factors and measures of criterion validity 

Subscale Teacher PD 
hours 

School FRL 
% 

School 
API 

1. Instigating an Investigation .21** -.16* .15* 

2. Data Collection and Analysis .17** -.28** .16* 

3. Critique, Explanation and Argumentation .17** -.16* .13* 

4. Traditional Instruction      -.12 -.13 .08 

5. Prior Knowledge .13* -.09 .01 

N 252 239 239 
                        Notes: * p < .05; ** p < .01; *** p < .001 
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