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Introduction 
 
Science Modeling Instruction in Central Ohio, developed and implemented by faculty at the Ohio 

State University (OSU), is designed to demonstrate techniques and strategies that high school 
teachers in physics, physical science, chemistry, and (new this year) biology can utilize in their 
classrooms to result in more inquiry-based learning experiences for students. The 2017 
implementation is the 14th year the program has been supported by an Improving Teacher 
Quality Grant through the Ohio Department of Higher Education (ODHE). 
 
Four modeling programs were offered during the three-week period from June 12-30, 2017. 
Included were three Year 1 course offerings and one advanced course. The abbreviations 
below will be used throughout this report to denote the respective workshops:  
 

 PHYS = Year 1 – Physics/Physical Science Modeling Workshop (offered in 2004-05, 
2006-07, 2007-08, 2008-09, 2009-10, 2010-11, 2011-12, 2012-13, 2013-14, 2014-15, 
2015-16, 2016-17, and 2017-18).  

 
 CHEM = Year 1 – Chemistry Modeling Workshop (taught in 2007-08, 2008-09, 2009-

10, 2010-11, 2011-12, 2012-13, 2013-14, 2014-15, 2015-16, 2016-17, and 2017-18).  
 

 BIO = Year 1 – Biology Modeling Workshop (new in 2017-18). 
 

 YR2 = Curriculum Development / Year 2 Workshop (taught in 2005-06, 2007-08, 
2009-10, 2010-11, 2011-12, 2012-13, 2013-14, 2014-15, 2016-17, and 2017-18). This 
advanced course is designed to help teachers who took one of the first year courses 
(Physics/Physical Science, Chemistry Modeling, or Physical Science/OGT) modify 
their curriculum and lessons to be consistent with their efforts to use modeling and 
inquiry-based instruction.  
 

  

                                                
1
 Institutional Research Consultants, Ltd. (IRC) www.irc-evaluation.com is an independent evaluation 
research firm located in central Ohio.  

http://www.irc-evaluation.com/
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Instructional Team 

 
Dr. Kathleen A. Harper is the Project Director. Dr. Harper has been one of the co-Principal 
Investigators since the program’s initial funding in 2004-05. Dr. Ted Clark is the other co-
Principal Investigator. Positions and responsibilities of the instructional team members are 
outlined in Table 1. Additional members of the university instructional team included Dr. Lin 
Ding, Associate Professor in Education, and undergraduate student Tirzah Weiss, who provided 
administrative support. As in previous years, experienced high school teachers who had 
previously completed the Modeling Workshops were the primary instructors, referred to 
throughout this report at teacher-instructors. During the 2017-2018 implementation, nine 
teachers from seven different Ohio districts and one private school are serving as the teacher-
instructors. The use of teacher-instructors with Modeling Workshop experience helped to ensure 
deep awareness of participants’ needs. 

 
Table 1: Instructional Team by OSU Position/District and Modeling Responsibilities  

 

OSU Position University Staff Modeling Responsibilities 

Senior Lecturer, Department of 
Engineering Education 

Dr. Kathy Harper Administrator/YR2 & PHYS Contributor 

Assistant Professor in Chemistry Dr. Ted Clark Administrator/YR2 & CHEM Contributor 

Assistant Professor in Education Dr. Lin Ding Educational Consultant 

Undergraduate Student Tirzah Weiss Support and logistics 

District Teacher-Instructors Modeling Responsibilities 

Avon Lake HS, retired Liz Emmer CHEM Instructor 

Amherst Steele HS Chas Deremer PHYS Instructor 

New Albany HS Jessie Dorman BIO Instructor 

Laurel School Brian Carpenter PHYS Instructor 

Laurel School Matthew Kennedy BIO Instructor 

New Albany HS Jessica Whitehead Support and logistics 

Ontario HS Rick Jacox YR2 Instructor  

Reynoldsburg eSTEM Academy Joe Griffith YR2 Instructor 

Southwest Career Academy Marie Wenzke YR2 Instructor 

Worthington Kilbourne HS Tom Wisard  CHEM Instructor 

 
The host school this year was again New Albany High School. Located northeast of Columbus, 
this site offers good facilities and exceptional support. The host location was facilitated by New 
Albany teacher, Jessica Whitehead, who assisted with workshop logistics.  
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Participants and Evaluation Surveys 

 
Institutional Research Consultants, Ltd. (IRC), the external evaluator, processes and analyzes 
all survey data. When the first Modeling Workshop was funded in 2004, with input from the 
Project Director, IRC included additional Pre-Survey questions in the ODHE Pre-Survey 
(covering teachers’ demographics and opinions about science teaching and instructional 
practices) and a stand-alone survey to capture feedback about the summer experience at its 
conclusion. The instructional team administered the ODHE/IRC Pre-Survey at the beginning of 
the summer session and the IRC End-of-Workshop Survey on the last day. All 67 participants 
who attended the three-week summer course completed both surveys (Table 2). A reasonably 
high 62 teachers (93%) also responded to the Post-Survey, which revisited many of the initial 
questions and the impact section of the workshop survey. This year, CHEM teachers comprised 
the largest group with 20 participants (30% of total).  
 

Table 2: Survey Response Rates by Workshop 
 

Workshop 

Total in Program  
ODHE/IRC  
Pre-Survey End-of-Workshop

 
ODHE/IRC  

Post-Survey
1 

N % Surveys 
Return 
Rate Surveys 

Return 
Rate Surveys 

Return 
Rate 

PHYS 15 22.4 15 100.0 15 100.0 12 80.0 

CHEM 20 29.9 20 100.0 20 100.0 19 95.0 

BIO 18 26.9 18 100.0 18 100.0 18 
100.

0 

YR2 14 20.9 14 100.0 14 100.0 13 92.9 

TOTAL 67 100.0 67 100.0 67 100.0 62 92.5 

 
The Pre-Survey and End-of-Workshop Survey results were shared with Dr. Harper on 
November 13, 2017 in a preliminary evaluation report. This report includes those findings, with 
updates and pre/post comparisons where applicable. The focus is on participants’ opinions 
about and use of modeling at year-end. Participants’ open-ended responses are integrated 
throughout and are provided in their entirety at the end of the document (Appendix 14).The 
evaluator also includes comments from a telephone interview with Dr. Harper that covered 
highlights of the project year from a leadership perspective.2  
  

  

                                                
2
 Dr. Clark was also invited to submit written comments but did not have anything to add. 
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Participant Description 
 
Teacher Background 
 
Appendix 1 presents descriptive information on the teachers. Most were regular teachers who 
taught at the high school level (each 94%, respectively), taught science only (93%), and did so 
in public school district settings (79%). A total of 31 different public districts were represented 
(Appendix 2). Of the 21 percent who taught in other settings, two (3%) were at a charter school 
and 12 (18%) taught at private schools (five located out-of-state). Also in the cohort were two 
Special Education / Resource / Inclusion teachers, one EL co-teacher, and a certified teacher 
not currently in a position. 
 
Similar to last year’s cohort, gender distribution this year again skewed toward mostly women 
(female=67%; male=33%). All the groups were predominantly white (80 -100%). Fifty-four 
percent (N=35) of the participants were age 40 and younger. Seventy-three percent (N=48) had 
master’s degrees and two teachers had earned doctorates. Almost three quarters (73%) of the 
participants indicated Science Education as one of their degree area, followed by Biology or Life 
Science (52%) and Chemistry or Biochemistry (30%). Slightly more than half (51%) of the 
participants had between six and 19 years of teaching experience while just over a third (34%) 
had two or fewer years of classroom experience.  
 
Reasons for Participating 

 
Respondents’ reasons for attending one of the 2016-2017 workshops are presented in Table 3. 
Overall, most chose to take part either on their own initiative (64%) or due to encouragement by 
a former participant (60%). This suggests strong motivation on the part of the participants as 
well as the influence of recommendations by former participants. Fifteen teachers (22%) gave 
“other” reasons for attending. These factors included hearing good things about the program, 
wanting follow-up to modeling courses and workshops taken prior, needing graduate or 
certification hours, seeking new ideas for teaching science, moving to a modeling-oriented 
school, and because the training “is structured and run by teachers, not administrators.” 

 
Table 3: ODHE Pre-Survey – Reasons for Choosing Program1 

 

 
2017 Pre-Survey 

PHYS CHEM BIO YR2 
TOTAL 

N=67 

 N=15 N=20 N=18 N=14 N % 

a. Applied on my own initiative 60.0 65.0 55.6 78.6 43 64.2 

b. Participation was required by the 
school district 

0.0 5.0 0.0 0.0 1 1.5 

c. School district provided incentives to 
participate 

0.0 0.0 0.0 0.0 0 0.0 

d. Encouraged to participate by the 
project director 

6.7 10.0 16.7 21.4 9 13.4 

e. School staff agreed that the program 
was needed 

6.7 5.0 5.6 7.1 4 6.0 

f. Encouraged to attend by a former 
participant 

46.7 65.0 72.2 50.0 40 59.7 

g. Other reason  13.3 30.0 22.2 21.4 15 22.4 
 

1
Total can add to more than 100 percent, as respondent could give more than one response.  
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Credit Received 

 
Seventy-eight percent reported receiving graduate credit, while 40 percent were receiving credit 
toward continuing education and 39 percent would earn credit toward certification/licensure 
(Table 4). One quarter (25%) expected to receive credit toward a salary increase. Eight 
individuals (12%) indicated they would not receive any type of credit for attending. One teacher 
was earning credit toward 30 hours of gifted training required of AP teachers by her school 
district and another teacher sought credit toward “CCP certification.” 

 
Table 4: ODHE Pre-Survey – Types of Credit Participant Will Receive1 

 

 
2017 Pre-Survey 

PHYS CHEM BIO YR2 
TOTAL 

N=67 

 N=15 N=20 N=18 N=14 N % 

a. Graduate credit 60.0 75.0 94.4 78.6 52 77.6 

b. Undergraduate credit 0.0 0.0 0.0 0.0 0 0.0 

c. Credit toward salary increase 20.0 25.0 33.3 21.4 17 25.4 

d. Credit toward continuing education 33.3 45.0 38.9 42.9 27 40.3 

e. Credit toward certification/licensure 20.0 45.0 44.4 42.9 26 38.8 

f. No credit given 26.7 20.0 0.0 0.0 8 11.9 

g. Other  0.0 5.0 5.6 0.0 2 3.0 

 
1
Total can add to more than 100 percent, as respondent could give more than one response.  

 

Opinions about the Summer Workshops and Initial Impacts 
 
Overall Opinions about the Summer Workshops (Appendix 3) 

 
High proportions overall (85 – 100%) confirmed their agreement on most of the statements 
measuring participants’ favorable opinions about the workshops at the end of the sessions 
(Table 5).3 The YR2 group stood out, with 100 percent agreement on 14 items and 92 percent 
agreement on the 15th statement. However, all participants (100%) in each of the groups 
concurred that the workshops were a successful professional development experience that 
improved their content knowledge, contributed positively to their attitudes about science, and 
increased their ability to use inquiry in their classrooms. Importantly, 97 to 99 percent felt their 
questions were effectively addressed, they would recommend the workshop to others, the 
workshop increased their ability to see connections among science concepts, and enhanced 
their confidence in teaching science. It is also notable that 96 percent verified they gained skills 
in complex thinking and reasoning and 75 percent overall feel prepared to provide professional 
development on the workshop activities for teachers in their respective buildings. 
 
 

  

                                                
3
 Appendices 3 and 4 duplicate information in Tables 5 and 6, but the items are in the order of 

appearance on the End-of-Workshop Survey.  
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Table 5: Opinions about Workshops and Initial Impacts1 

—Questions Ordered by High to Low Total Response— 
 

 
2017 End-of-Workshop Survey  

PHYS CHEM BIO YR2 
TOTAL 

N=67 

 N=15 N=20 N=18 N=14 N % 

I improved my content knowledge. 100.0 100.0 100.0 100.0 67 100.0 

I gained skills in how to use inquiry in my 
classroom. 

100.0 100.0 100.0 100.0 67 100.0 

This workshop contributed positively to 
my attitude about science. 

100.0 100.0 100.0 100.0 67 100.0 

Overall, this workshop was a successful 
professional development experience.  

100.0 100.0 100.0 100.0 67 100.0 

Curriculum Development / Year 2 
Only: The amount of guidance/structure 
was appropriate. 

NA NA NA 100.0 14 100.0 

Participants’ questions and concerns 
were addressed effectively. 

93.3 100.0 100.0 100.0 66 98.5 

I would recommend this workshop to 
other teachers. 

93.3 100.0 100.0 100.0 66 98.5 

This workshop enhanced my confidence 
in teaching science. 

100.0 90.0 100.0 100.0 65 97.0 

I increased my ability to see connections 
among science concepts. 

100.0 90.0 100.0 100.0 65 97.0 

I gained skills in complex thinking and 
reasoning. 

93.3 100.0 88.9 100.0 64 95.5 

This workshop has helped me become a 
more effective teacher. 

100.0 85.0 100.0 100.0 64 95.5 

Adequate time was allowed for 
participants to reflect on and relate 
material to their experience and needs. 

86.7 90.0 100.0 100.0 63 94.0 

I feel better prepared to encourage 
science activities in my building. 

93.3 100.0 83.3 100.0 63 94.0 

I increased my ability to see connections 
between science and mathematics. 

100.0 85.0 66.7 92.9 57 85.1 

I feel prepared to provide professional 
development on the covered workshop-
specific activities for teachers in my 
building. 

66.7 65.0 72.2 100.0 50 74.6 

 

1
Percent of participants who indicated that they "Strongly Agree" or "Agree" with each statement. Percentages are 

based on those with valid response to item.  
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Activities Rated as Worthwhile (Appendix 4)  

 
Across the three workshops, 90 to 100 percent of the participants generally viewed the covered 
activities as worthwhile (Table 6). The lowest ratings went to the examples on how to apply 
district standards, particularly by the PHYS (50%) and CHEM (57%) groups. The favorable 
opinions of the YR2 group again stood out, with 100 percent in agreement on all nine measures. 
 

Table 6: Workshop Activities Rated Worthwhile1 

—Questions Ordered by High to Low Total Response— 
 

 
2017 End-of-Workshop Survey  

PHYS CHEM BIO YR2 
TOTAL 

N=67 
 N=15 N=20 N=18 N=14 N % 

Overall interaction with the other 
participants. 

100.0 100.0 100.0 100.0 67 100.0 

Modeling of inquiry. 100.0 100.0 100.0 100.0 67 100.0 

Curriculum Development /Year 2 Only: 
Large blocks of "free" time spent working 
on curriculum. 

NA NA NA 100.0 14 100.0 

Overall interaction with workshop 
facilitators. 

93.3 100.0 100.0 100.0 66 98.5 

Purchase of educational/classroom 
materials.  

100.0 88.2 94.4 100.0 59 95.2 

Discussion of reading assignments. 80.0 90.0 100.0 100.0 62 92.5 

Introduction to various sources of 
curriculum materials (books, websites, 
etc.). 

86.7 80.0 100.0 100.0 61 91.0 

Reading assignments (research articles). 80.0 80.0 100.0 100.0 60 89.6 

Examples on how to apply district 
standards. 

50.0 57.1 77.8 100.0 42 72.4 

 

1
Percent of participants who rated each aspect as “Very Worthwhile” or “Somewhat Worthwhile.” Percentages are 
based on those with valid response to item.  
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The 67 participants responded to open-ended questions formulated to assess their opinions 
about aspects of the workshop they found most useful and what components could be improved 

 
Most Useful Aspects of the Workshops  

 
The participants in each workshop were asked to describe the aspects of their respective 
workshops they considered most useful. The PHYS, CHEM, and BIO groups gave similar 
answers, with many noting the value of the whiteboard sessions, experiencing the lessons from 
students’ perspective, sharing ideas with peers, and having instructors demonstrate modeling 
methods. Their most common responses are grouped together below (not in order of preference 
or frequency):  
 

 Whiteboard sessions  
 Practice leading a whiteboard session 
 Prompts to use when reviewing student whiteboard work 
 Finding physics equations via experiment 
 Making connections between math and physics  
 Using graphs to derive equations from collected data 
 Structured inquiry that led up to the deployment labs 
 Multiple representations (motion maps, free body diagram) 
 Seeing alternate versions of deployment and paradigm labs 
 Talking with so many passionate teachers, hearing their ideas 
 Talking to experienced modelers 
 Watching modeling instructors in action 
 Hearing successes and struggles of teachers currently modeling in their classes 
 Readings about foundation of modeling and philosophy behind it 
 Discussion of the assigned readings 
 Keeping reflections in teacher notebook 
 Joining modeling Facebook group 
 Having highly qualified instructors 
 Exploring misconceptions 
 Questioning techniques 
 Curriculum resources 
 Experiencing the student point of view 

 
Similar to the prior cohorts’ responses, participants this year found being in “student mode” to 

be very enlightening. Several from each workshop reported that taking the students’ perspective 
gave them fresh insights: 
 

The student-mode/teacher-mode exercise was hard to do sometimes, but when it 
worked, it was highly beneficial. PHYS 
 
Student mode was very helpful because it allowed us to approach the material 
from different sides and helped us see mistakes/preconceptions our students 
may have and how we might handle them. PHYS 
 
Working through the activities in student mode gave us an opportunity to think 
and construct models as students, and then process the models through 
whiteboarding discussions. CHEM 
 
The format of this class allows you to be the student and see where the teacher 
is very powerful.  BIO 
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Another aspect numerous participants considered useful were the whiteboarding sessions that 
“allowed all teachers a chance to participate and see each others’ approaches, mistakes, and 
preconceptions.” Practice with questioning with a whiteboard and having the chance to question 

other participants’ boards were also viewed as helpful. Networking with colleagues in the same 
discipline, in a setting that encouraged idea sharing was, as usual, highly valued by teachers in 
each of the groups. 
 
One PHYS teacher reported feeling “much more prepared to take modeling into my own 
classroom after this workshop. I have a much better understanding as to why my attempt at 
modeling prior to the workshop was only so-so at best, yet probably better than years prior in 
terms of the student understanding.” 

 
BIO participants’ comments focused on the value of the curriculum and a deeper understanding 
of the pedagogy. For example, one described the new curriculum as “very logical, it flows, and 
provides a basis for connection. I discovered ways to do the things I’ve wanted to incorporate 
into my classroom. I’m excited to plan and get to it.”  For one first-year teacher unsure of what to 
do in certain situations and even for more experienced teachers, the BIO workshop was 

transformative: 
 

Many teachers talked about the pitfalls they encountered and how they dealt with 
them, which was really helpful to me. I appreciated the amount of help we got 
from our leaders and program supervisors. This workshop changed my view of 
teaching science, and I will never go back to even thinking about not using 
modeling to teach.”  

 
I had been doing some of these practices in my classroom over the years, but 
this workshop helped me to make a connection/sequence to order the events into 
my classroom. I will be able to weave everything together now with this method 
and educate my students. Pedagogy now has meaning instead of being an 
educational buzzword. 
 
It really helped me think about how I teach, and gave me the tools I needed to 
teach science in a more authentic way. I knew there was something wrong with 
dry lecture-style, but I didn't have the resources or a cohesive method for a better 
way. 

 
YR2 
 
The more advanced participants in the YR2 workshop had similar perspectives on the aspects 
they found most useful: 
 

 Reading and discussing articles  
 Time devoted to “test out” activities 
 Time allotted to work collaboratively 
 Sharing ideas with colleagues 
 Alternative question types 
 Alternative assessment strategies 
 Reflecting on student understanding 
 Bouncing ideas off of workshop leaders 
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The YR2 participants described the following strengths and weaknesses in regard to the 
experience of developing their own modeling units (Table 7): 
 

Table 7: YR2 Summary of Workshop Strengths and Weaknesses 

 

STRENGTHS WEAKNESSES 

 Varied representations of the material: 
“Using different visuals in addition to 
having the mathematical relationships and 
the verbal description all helped produce a 
powerful learning experience.” 

 
 Student-centered and helps students 

understand concepts in small chunks:  
“Students develop understanding by doing 
science and discussing their results. This 
gets them to verbalize their observations, 
letting me analyze their misconceptions 
and where I need to take them next.” 

 

 Time allotted to thinking carefully about the 
why and how behind the development of 
the worksheets, assessment and labs 

 
 Perspective of other teachers designing 

the unit together was invaluable 
 
 Experiential, hands-on: “The best way to 

learn anything is by attempting to do 
it…we learned to write a modeling unit by 
writing a modeling unit.” 

 

 Able to field test the materials  
 
 Able to link things back to linear analogues 
 
 Ample time to work and adjust 

development and deployment labs 
 
 Built a comprehensive unit 
 
 Process can be applied to any type of unit 
 
 Better able to assess existing materials to 

find the goals, supplement them with 
teacher’s own labs and questions 

 

 Depends heavily on the teacher’s 
deep understanding, which can be 
developed only through trial and error 

 
 Time consuming to develop an entire 

unit and then perfect/revamp it 
 
 Teacher will not have the necessary 

feedback outside of the collaborative 
workshop or the time to build a 
successful unit on his/her own 

 
 Uneasiness when attempting 

something for the first time: “This is 
why the guidance of the instructors is 
so crucial.”   

 
 No opportunity to go over completed 

unit with instructor until the end: “So, 
if there is something that doesn't 
work, we don't have time to fix it 
before final grades are put out.” 
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The YR2 teachers reported that discussions with peers and the assigned readings helped them 
focus on the most important aspects of modeling instruction and ways to implement alternative 
assessments into the units. The YR2 participants’ comments reflect substantive gains in 
learning, appreciation for collaborative opportunities, and pride in what they accomplished: 
 

By far the most important aspect of this workshop was taking the time to develop 
and test-run a complete unit in the modeling method. I’m confident I’ll be able to 
use these to adapt classroom materials to more hands-on, inquiry-driven 
activities students can use to build their scientific understanding. I’m very excited 
about implementing the unit I created at this workshop in my classroom this year! 
 
Talking with colleagues and sharing ideas was tremendously useful. I found the 
opportunity to think deeply about the design of a curriculum unit was a very 
beneficial experience. Rarely is there time to spend as much careful thought on 
every aspect of a unit. Also, working as part of a team and having someone to 
bounce ideas off was excellent. The large blocks of time to work as a group were 
critical to the development of a solid unit. 
 
Discussing curriculum with teachers who had taught chemistry and AP chemistry 
without modeling, with modeling, and for many years, was an extremely 
productive and rewarding experience. We accomplished curriculum design feats 
that usually take one to three years.  

 
YR2 participants emphasized the value of the careful thought processes and interactive 
exchanges that gave them critical feedback, guidance, and field test opportunities:  
 

I have always designed most of my own materials, but I rarely have anywhere 
near as much time to think about (and bounce ideas off others) all aspects of 
building a coherent unit that allows students to develop their understandings 
about science. I also appreciated being able to "field test" the materials we made, 
resulting in significant improvements.  

 
I personally take time to think long and hard before implementing ideas and 
changes into my existing teaching, so allowing the time to really think about why 
and how I was developing the model was invaluable. 
 
I appreciate the professors helping to answer questions or giving feedback about 
the units. It is very helpful to be able to bounce ideas off other students and 
instructors as well. I really liked presenting parts of the unit to get the feedback to 
help make the unit more user-friendly. 

 

As a result of the workshop YR2 teachers reported increased confidence in developing their 
own units and adjusting other materials to serve modeling strategies: 
 

I feel more confident that I could do some of this myself. Being goal-focused 
while developing labs and assessments will give me much better tools to teach 
and assess my kids. 

 
I am very confident in developing new units now for the content areas in which I 
am well-versed. I learned a lot from the chemistry units presented, which made 
me aware of deficiencies in my own understanding of core chemistry principles, 
so I will re-vamp those for next year. 
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These teachers also verified increased confidence and articulated how their teaching practice 
will differ from last year when they were more reliant on the modeling binder:  
 

I’m really excited to develop my own modeling units and materials. I loved 
teaching from the binder, but at times, through my own misunderstandings or 
the constraints of my particular building, concepts did not get across. By 
designing my own material, I’m confident I can target my students and 
standards more effectively.    
 
I feel very confident after taking this workshop. The past year, I implemented 
many inquiry-based lessons in my Physical Science class, but they didn't 
necessarily fit the modeling framework. I can tweak the remaining units to fit 
the structure; the large blocks of time, reading, and reflecting helped with this. 
 
Following my first year workshop, I stuck very close to the provided materials and 
tried to avoid pulling in new activities that were not from the modeling binder. I 
am now much more confident about building on the strengths of other materials 
and improving the weaknesses of other activities with modeling strategies. 
 

The YR2 participants were asked to describe how this workshop went beyond the first year 
Modeling Workshop and whether the additional coverage met their expectations and needs. 
Their responses conveyed, in essence, that the first year workshops taught them how to use 
ready-made tools, and they were told to use them, “whether or not they fit exactly into the 
content standards we were required to teach.” The YR2 workshop empowered teachers to 
“parse modeling units into their essential components, look at the research behind the theory of 
structuring units,” and then design units that work in their respective classrooms.  
 
Many of the YR2 respondents felt the curriculum development workshop “fit perfectly after year 
one,” by enhancing what they had learned and deepening their individual competencies as 
modelers. They valued the opportunity to dissect what goes into the making of a unit: 
 

This workshop went deeper into how to develop the unit and think from a 
teacher's point of view rather than going through it as a student in the first-year 
workshop.   

 
First year, we’re just implementing and not really reflecting as deeply. The 
second year let me reflect back on the first year workshop and build upon what I 
started. I now have a good foundation to explore and develop other modeling 
units. 

 
It really showed me how every part of what you do is geared towards your end 
goal. That is something you don't pick up in the first year. 
 
Instead of just being handed a canned unit, developing a unit will allow me to 
take modeling into my classroom in a wider variety of places, especially where 
published modeling curriculum is lacking.    
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A YR2 participant noted that this workshop went beyond the first year experience in how it 
“provided methods for designing questions.” Another valued how the YR2 workshop was “more 
specific about alternative question types” which he felt “lead to more in-depth discussions to 
reveal student conceptions of the physical world.” The assigned readings were credited with 
providing more insight into the “types of alternative questions that are more useful than the 
traditional questions.” 
 
In terms of meeting their expectations and having their needs addressed, all the YR2 
participants expressed satisfaction. They “liked being able to get feedback and help where we 
had questions, were unsure of expectations, or just the best way to go about something.” 

Several praised the instructors and the workshop structure for surpassing their expectations: 
 

The additional coverage met and exceeded my expectations. The guidance we 
had was wonderful—great input, great feedback, excellent structure. 
 
The workshop met my expectations and exceeded them because now I know 
how to create items that will be effective in my classroom. 
 
Rick and Marie's content knowledge and experience in the chemistry classroom 
really helped us to better hone the design of our unit and focus on key concepts 
that should be emphasized for students. Joe had really thoughtful and insightful 
questions and was adept at picking up on the potential issues as well as 
suggesting solutions. 
 
The coverage met my expectations and needs, and the guidance provided 
helped us immensely to ensure that we focused on a specific concept and kept 
reinforcing that concept in the best way possible.   
 
The instructors were wonderful! They provided us space to create new materials 
while occasionally stepping in with much needed feedback and suggestions for 
new resources and research. The quality of our unit dramatically improved 
following conversations and feedback with the instructors. 

 
Lastly, YR2 participants were asked to consider the activities that would help them continue 
their modeling development and whether these activities should be scheduled during the school 
year or the summer. The comments below represent the most prominent suggested activities: 
 

 Shadow/co-teach with other teachers in our group. 
 

 Visit each others schools while teaching the unit we developed to see parts of the unit 
implemented and offer feedback to each other. 

 
 Create a forum detailing units constructed by other groups with a place where workshop 

instructors give feedback and teachers can post how they used the curriculum in the 
classrooms, what worked, what needs revising, how they modified it. 

 
 Open source the curriculum with the various modifications along with the unit’s original 

creator and the individual who modified it so we can contact them if questions arise. 
 

 Send the current research in modeling practice to participants automatically. 
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 Offer videos and books on using questioning techniques, and workshops that teach the 
questioning aspect of modeling by example.  
 

 Compile an accessible collection of whiteboarding techniques used by modelers 
nationwide and around the world. 

 
 Meet-ups to talk in detail about what worked and what didn't in the modeling curriculum 

each implemented. Troubleshoot the places where things did not flow smoothly.   
 

 Provide space for participants interested in developing additional units to get together 
and work on them.   

 
Most respondents seemed to prefer in-person workshops during the summer as “there’s simply 
too much going on during the school year to dedicate the necessary time that unit development 
requires,” although others felt that “both school-year and summer opportunities are valuable.” 
 
One YR2 participant noted it would be most helpful to have “meet-ups or discussions of current 
research and things we’ve tried in our classrooms during the summer or times when we’re not 
swamped with grading and being in the classroom.”  
 

The YR2 teachers emphasized wanting to stay in touch with their classmates and instructors, 
confirming they gained a great deal by listening to other teachers share their own experiences. 
They concurred that listservs, online communities, and occasional one-day meetings like 
Modelpalooza were essential to their continued development as modelers. Lastly, a YR2 
participant who expressed interest in attending another advanced workshop remarked that “the 
structure of attending a course and having assignment deadlines were helpful.” 
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Speakers at Final Follow-up Session (Appendix 5) 
 
Thirty-two respondents attended the February 10th Modelpalooza, the third year that this popular 
event of mostly teacher-led modeling presentations has been offered. Participants rated the 
effectiveness of 16 of the 19 sessions (Table 8). Seven were unanimously viewed as “very 
effective” or “somewhat effective” and four were rated as effective by at least 75 percent of 
those who responded. Fewer (50-67%) attendees endorsed the remaining four sessions; 
however, even with these, all the respondents from one of the represented workshops (either 
YR2 or PHYS) thought the respective speakers were effective.  
 

Table 8: February 10, 2018 Modelpalooza – Presenters Rated Effective1 

—Sorted by High to Low Total Response— 
 

2018 Post-Survey 

 
PHYS CHEM BIO YR2 TOTAL

 

N=1-5 N=1-7 N=1-6 N=1-10 N % 

Session 1 – Energy in Physical Science  100.0 NA 100.0 100.0 10 100.0 

Session 3 – Modeling in Mathematics NA 100.0 100.0 100.0 10 100.0 

Session 1 – Discussion of Whiteboarding 
Techniques 

100.0 100.0 100.0 100.0 9 100.0 

Session 1 – Discussion of College Credit 
Plus 

100.0 100.0 100.0 100.0 3 100.0 

Session 1 – Fruit Fly Karyotypes NA NA 100.0 NA 2 100.0 

Session 2 – NGSS and Modeling NA NA 100.0 100.0 2 100.0 

Session 2 – Geogebra 100.0 NA NA NA 1 100.0 

Session 2 – Modeling in Materials Science 100.0 75.0 NA 100.0 8 88.9 

Keynote – Casey Rutherford 80.0 85.7 83.3 90.0 24 85.7 

Session 3 – Standards-Based Grading 100.0 100.0 75.0 100.0 6 85.7 

Session 1 – Covalent Bonding  0.0 NA 80.0 100.0 6 75.0 

Session 3 – Charge and Ionic Compounds 0.0 75.0 NA 100.0 5 71.4 

Session 2 – Rotational Kinetic Energy 100.0 NA NA 50.0 2 66.7 

Session 2 – Insights on Modeling and 
Astronomical Research 

0.0 100.0 NA 100.0 2 66.7 

Session 3 – Rotational Dynamics 50.0 NA NA 100.0 2 66.7 

Session 2 – Reasoning Models in Science 
Instruction 

0.0 NA 25.0 100.0 4 50.0 

Session 1 – Modeling Kinematics with 
Robots 

No Ratings 

Session 3 – Population Interactions No Ratings 

Session 3 – Programming Exercises in 
Introductory Physics 

No Ratings 

 

1
Percent of participants who indicated that the speaker was "Very Effective" or "Somewhat Effective." Percentages are 

based on those with valid response to item. “Not Applicable” responses were omitted.  
NA = No responses 
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The respondents who provided detailed comments on the presentations and speakers reflected 
an overall positive view. They described the event as “fun,” “wonderful” and “great,” and the 
presenters as “well organized and prepared.” This description of one presenter is representative 

of the value they attributed to the speakers in general: 
 

Ian Sample (Modeling Materials Science) was really wonderful. He very expertly 
handled the gap between those who had and hadn't taken modeling before. He 
addressed us with reminders "Remember last week you ..." and walked teachers 
through all possible ways to tweak his exercise and things he's had to 
troubleshoot. It was a great introductory activity to Stress & Strain. PHYS 

 
The participants especially benefitted from networking with other modelers. Some felt the 
sessions should have been longer, or that greater emphasis on modeling and implementation 
would have been helpful:  
 

Two sessions were presentations of units developed by modelers during their 
Year 2 workshop. An hour was not enough time for them to properly present their 
materials, which is why I felt the sessions were minimally effective. If they had 
been given 3 hours perhaps to present their materials, they would have been 
more effective. PHYS 
 
In the Geogebra session, I was hoping to get a better understanding of how to 
use the resource in the classroom, rather than a how to build an interactive. I did 
come out with some ideas and an overall better understanding of Geogebra. I’d 
just like to be better prepared on usage. PHYS 
 
Maybe the first speaker could have had been a little more about modeling and a 
little less about physics? BIO 
 

A Year 2 teacher requested to “hear from other successful modelers around the country, 
and more second semester concepts in modern physics.” 
 

Other comments communicated how much the teachers appreciated Modelpalooza and hoped 
this would be a continuing event regardless of the funding situation: 
 

A fun day! I especially enjoyed the conversations with so many enthusiastic 
teachers. CHEM 

 
It was a great day of learning. Would love to see more math modeling ideas in 
the future.  BIO 

 
Great sessions, made the drive worthwhile. Hope Modelpalooza can continue 
despite funding scarcity. YR2 
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Impacts (Pre/Post and End-of-Workshop/Post Comparisons)  
 
Appendices 6-12 present pre/post comparisons. The first set is of results from the Pre-Survey, 
completed by participants before the Modeling Workshops, and the Post-Survey administered at 
the final follow-up session approximately eight months later. The second set is of impact-related 
measures on the End-of-Workshop Survey that were repeated on the Post-Survey. 
 
PRE/POST: Teacher Self-ratings of Preparation and Effectiveness (Appendix 6) 

 
Appendix 6 shows the teachers’ responses to ODHE questions about their preparedness and 
understanding of content knowledge, standards, and instructional practices. More than 90 
percent initially indicated they were excited about teaching in their subject areas, had a good 
understanding of core content in their respective disciplines, and believed they were effective 
teachers. Most agreed they understood how to assess student learning in multiple ways (84%) 
and the methods necessary to teach math and science concepts effectively (85%). More than 
three-quarters (76%) reported a good understanding of Ohio’s New Learning Standards in 
Mathematics and/or in Science. While almost three quarters of the PHYS (73%), BIO (72%), 
and YR2 (71%) teachers affirmed a good understanding of how to differentiate instruction in the 
classroom, only 40 percent of CHEM teachers did so. There were statistically significant gains in 
teacher understanding of the following: 
 

 How to differentiate instruction—from 63% to 86% for overall 
 

 Effective questioning techniques—from 73% to 90% overall, 55% to 84% for CHEM, and 
72% to 94% for BIO 
 

 How to use technology—from 73% to 90% overall, 55% to 84% for CHEM, and 72% to 
94% for BIO  

 
PRE/POST: Classroom Practices (Appendix 7)  
 
Participants’ responses to the ODHE questions about their instructional practices revealed 
statistically significant pre/post changes on five of the eight measures:   
 

 Classroom interaction involves dialogue between teacher and students—increased 
overall from 70% to 89% 
 

 Students generally work in groups cooperatively—increased overall from 60% to 86%, 
CHEM up from 35% to 90%4 

 
 Instruction emphasizes broad coverage of information with little depth—decreased 

overall from 18% to 2%, PHYS down from 13% to 0% 
 

 Student role is to apply inquiry and problem solving skills to discover solutions to 
problems—increased overall from 64% to 92%, PHYS up from 67% to 92%, CHEM up 
from 50% to 95%, and BIO up from 50% to 83% (NOTE: YR2 was 100% on pre and post) 
 

 Students generally learn concepts using hands-on approaches—increased overall from 
64% to 86%, CHEM up from 45% to 84%, BIO up from 56% to 78%5 

                                                
4
 Opposite of spectrum reported in Appendix 8: “Students generally learn concepts and processes 

through readings, lectures and demonstrations.” 
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PRE/POST: Teacher Opinions, Attitudes, and Instructional Practices (Appendix 8) 

 
Overall, 99 percent of the teachers initially confirmed their enjoyment in teaching science and 97 
percent agreed that, “Virtually all students can learn to think scientifically,” and these high levels 
of agreement were maintained at year-end. Most also concurred that teachers should 
consistently use activities that require students to do original thinking (93-95%), student learning 
is enhanced when the contributions of different cultures are incorporated (81-86%), and that 
getting students to be able to explain their answers is more important than having students get 
the correct answer (84-85%). By year-end, teachers were statistically significantly less likely to 
organize their curriculum around the textbooks (down overall 22% to 7%, CHEM 25% to 11%, 
and BIO 28% to 0%). Teachers also expressed significantly less agreement with “Students 
should never leave science class feeling confused or stuck” (overall down from 18% to 2%); 
feeling comfortable with students being confused is a primary tenet of inquiry-based learning.  
 
PRE/POST: School Culture (Appendix 9)  
 
Teachers were also asked to express their opinions about the staff and administrator support at 
their buildings, and their own status as resources to peers in their schools/districts. Eighty-five 
percent overall reported having principals who are supportive of innovative approaches to 
teaching science, and this increased slightly by year-end (87%). Almost three quarters (72% on 
pre and 74% on post) indicated that they regularly shared ideas and materials related to science 
instruction with their colleagues. At the end of the academic year, participants overall reported 
being significantly more likely to serve as a resource for other science teachers in their 
respective school districts (up from 24% to 34%). Unfortunately, there was significantly more 
disagreement with the statement, “Most science teachers at my school would like to use an 
“inquiry” style of teaching,” which came primarily from the CHEM group (went from 5% to 26%), 
suggesting that some of the teachers may have encountered colleagues who were more 
resistant to adopting inquiry-based approaches than they had anticipated. 
  
  

                                                                                                                                                       
5
 Opposite of spectrum reported in Appendix 8: “Students generally work independently.” 
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PRE/POST: Teacher Preparation (Appendix 10)  
 
There were statistically significant increases on 10 of the 13 practices covered regarding 
respondents’ preparedness, including: 
 

 Use cooperative learning groups—overall increased from 81% to 98%  
 

 Implement inquiry or discovery learning—increased overall from 71% to 95%, CHEM up 
from 63% to 100% 

 
 Present the applications of science concept—increased overall from 76% to 95%, YR2 

up from 71% to 100% 
 

 Phrase questions to encourage more open-ended investigations—increased overall from 
60% to 89%, CHEM up from 45% to 100%, and BIO up from 67% to 78% 

 
 Use science equipment as an integral part of science instruction—increased overall from 

78% to 90%, BIO up from 61% to 67% 
 

 Teach groups that are heterogeneous in ability—increased overall from 66% to 89%  
 

 Teach students from a variety of cultural backgrounds—increased overall from 60% to 
92%, CHEM up from 60% to 95%, and YR2 up from 50% to 92%  

 
 Use performance-based assessment—increased overall from 43% to 72%, BIO up from 

50% to 61%, and YR2 up from 36% to 77%  
 

 Use portfolios to assess student progress in science—increased overall from 12% to 
33%, CHEM up from 22% to 32%, and YR2 up from 21% to 23% (“not prepared” 
decreased from 69% to 23%) 
 

Notably, this cohort started out with a higher level of comfort than average with managing 
students who are using manipulative materials and that increased modestly (from 90% to 95%) 
as did encouraging the participation of females in science (88% went up slightly to 92%). 
 
  



 

IRC for OSU Science Modeling Instruction in Central Ohio                           Annual Evaluation Report: 2017-2018  20 
 

PRE/POST: Frequency of Various Classroom Activities (Appendix 11) 

 
At the onset of the training, all BIO participants (100%) and 90 to 93 percent of PHYS, CHEM, 
and YR2 teachers had students working in small groups, which increased to 100 percent 
across-the-board by year-end. Overall, 86 percent were using teacher-created lessons and 
almost three-quarters (74%) had students participate in dialog with the teacher to develop an 
idea (increased to 87% by the spring). Teachers reported significant changes in the frequency 
of student use of the following activities by the end of the academic year: 
 

 Listen and take notes during presentation by teacher—decreased overall from 70% to 
40%, CHEM down from 95% to 58% 
 

 Read a science textbook—decreased overall from 24% to 8%, CHEM down from 25% to 
5%, and BIO down from 39% to 6% 
 

 Make conjectures and explore possible methods to solve a scientific problem—
increased overall from 52% to 67% 

 
 Write their reasoning about how to solve a scientific problem—increased overall from 

38% to 76%, BIO up from 28% to 78% 
 

 Learn by inquiry—increased overall from 44% to 70%, PHYS up from 43% to 90%  
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PRE/POST: Participation in Science/Science Teaching Conferences 

 
Table 9 presents the results for the teachers’ attendance at science/science teaching 
conferences over the past two school years. Although more workshop participants went to at 
least one conference in 2017-2018 academic year (66% compared to 52% in the prior year), 
this difference was not statistically significant.  
 

Table 9: Participation in Science/Science Teaching Conferences1 

 

Conferences in  
2016-2017 School Year 

2017 Pre-Survey 

PHYS CHEM BIO YR2 
TOTAL 

N=67 

N=15 N=20 N=18 N=14 N % 

None 50.0 50.0 66.7 21.4 32 48.5 

1 35.7 45.0 22.2 50.0 25 37.9 

2 14.3 5.0 5.6 28.6 8 12.1 

More than 2 0.0 0.0 5.6 0.0 1 1.5 

At least 1 conference 50.0 50.0 33.3 78.6 34 51.5 

Conferences in 
2017-2018 School Year 

2018 Post-Survey 

PHYS CHEM BIO YR2 
TOTAL

 

N=62
 

N=12 N=19 N=18 N=13 N % 

None 33.3 42.1 38.9 15.4 21 33.9 

1 33.3 36.8 38.9 38.5 23 37.1 

2 16.7 15.8 16.7 38.5 13 21.0 

More than 2 16.7 5.3 5.6 7.7 5 8.1 

At least 1 conference 66.7 57.9 61.1 84.6 41 66.1 

 
 1

Percentages are based on those with valid response to item. There were no statistically significant differences 

between follow-up responses compared to their pre-treatment responses for participants who responded to both 
surveys as measured by a Chi-square test.  
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PRE/POST: Membership in Science Professional Organizations 

 
Table 10 presents information on participants’ membership in science-related professional 
organizations. By year-end, significantly more overall said they were members of a science-
related professional organization (81% versus 58% initially). Significant growth occurred in 
memberships among two of the groups (CHEM = 50% to 79%; BIO = 50% to 78%)  
 

Table 10: Membership in a Science Professional Organization1 
 

Member at beginning of  
2017 Modeling Workshop 

2017 Pre-Survey 

PHYS CHEM BIO YR2 
TOTAL 

N=67 

N=15 N=20 N=18 N=14 N % 

Yes 42.9 50.0 50.0 92.9 38 57.6 

No 57.1 50.0 50.0 7.1 28 42.4 

Member during  
2017-2018 School Year 

2018 Post-Survey 

PHYS CHEM BIO YR2 
TOTAL

 

N=62
 

N=12 N=19 N=18 N=13 N % 

Was a member prior to participating in 
Modeling 

25.0 31.6 38.9 69.2 25 40.3 

Became a member during a prior 
Modeling class 

8.3 5.3 22.2 23.1 9 14.5 

Became a member this year 41.7 42.1 16.7 0.0 16 25.8 

No 25.0 21.1 22.2 7.7 12 19.4 

Yes 75.0 78.9** 77.8* 92.3 50 80.6** 

No 25.0 21.1 22.2 7.7 12 19.4 

 
1
Percentages are based on those with valid response to item. Statistically significant differences highlighted are 
between follow-up responses compared to their pre-treatment responses for participants who responded to both 
surveys as measured by a Chi-square test.  

*Statistically significant difference with p-value < .10  
**Statistically significant difference with p-value < .05 

 
Pre/Post: Participation in Modeling and Science Listservs (Appendix 12) 

 
The teachers reported significantly more use of national modeling (+31%), other modeling 
(+26%), and science in general (+17%) listservs. 
 
END-OF-WORKSHOP/POST: Increased Understanding (Appendix 13) 

 
Overall, immediately following the workshops, most participants (80 – 100%) confirmed they 
had increased their understanding in the targeted areas. By year-end, however, there were 
significant declines in the extent to which participants agreed that the training resulted in 
increased understanding of Ohio’s science standards (81% at the end of the summer program 
versus 58% in the spring), the technology required for effective instruction in science (down 
from 92% to 67%), and their ability to utilize current research in science education in their 
classes (decreased from 91% to 75%). The respondents continued to rate the majority of the 
areas highly. 
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IMPACTS: Year-end Opinions about the Modeling Workshops  
 
Evidence for the success of the Modeling Workshops, drawn from results of the ODHE portion 
of the Post-Survey are presented in Tables 11-13. A majority of the respondents (95-100%) 
overall reported learning new instructional approaches, methods and strategies, multiple ways 
to assess student understanding, effective questioning techniques, inquiry-based, hands-on 
activities to use in their classrooms, and agreed that participation in this professional 
development improved their teaching (Table 11). Most confirmed that participation in the training 

increased their enthusiasm for teaching (92%), and that they learned new content in Math 
and/or Science (86%) and methods for differentiating instruction (71%). More than half (57%) 
indicated they learned how to use new technology in their classrooms. Reflecting the same 
opinion as prior cohorts, the lowest level of agreement occurred on the extent to which the 
participants learned about Ohio’s New Learning Standards in Mathematics and/or in Science 
(48% overall).  
 

Table 11: ODHE Post-Survey Questions about the Impact on Participating Teachers1 

 

As a result of this professional 
development… 

2018 Post-Survey 

PHYS CHEM BIO YR2 
TOTAL 

N=62 

N=12 N=19 N=18 N=13 N % 

a) I learned new content in Math and/or 
Science (concepts, facts and 
definitions)…  

100.0 89.5 77.8 76.9 53 85.5 

b) I learned about Ohio’s New Learning 
Standards in Mathematics and/or in 
Science… 

58.3 36.8 55.6 46.2 30 48.4 

c) I learned multiple ways to assess 
student learning 

100.0 94.7 88.9 100.0 59 95.2 

d) I learned effective questioning 
techniques… 

100.0 100.0 88.9 92.3 59 95.2 

e) I learned how to use new technology in 
my classroom… 

75.0 36.8 61.1 61.5 35 56.5 

f) I learned methods to differentiate 
instruction in my classroom… 

66.7 68.4 76.5 69.2 43 70.5 

g) I learned new instructional approaches, 
methods and teaching strategies… 

100.0 100.0 100.0 100.0 62 100.0 

h) I learned inquiry-based, hands-on 
activities to use in my classroom… 

100.0 94.7 88.9 100.0 59 95.2 

i) Participation in this professional 
development improved my teaching … 

100.0 89.5 94.4 100.0 59 95.2 

j) Participation in this professional 
development increased my enthusiasm 
for teaching… 

100.0 78.9 94.4 100.0 57 91.9 

 

1
Percent of participants who indicated that they "Strongly Agree" or "Agree" with each statement. Percentages are based on 
those with valid response to item.  
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Ninety-eight percent of all workshop participants confirmed the training provided useful 
resources and 97 percent indicated that the training was “high quality, sustained and intensive.” 
Nearly all (90-95%) concurred that the modeling program provided adequate follow-up, ample 
time to achieve the stated objectives, and that it was “linked to state and national standards.” 
(Table 12). 
 

Table 12: ODHE Post-Survey Questions about Professional Development Experience1 

 

Quality of this professional 
development? 

2018 Post-Survey 

PHYS CHEM BIO YR2 
TOTAL 

N=62 

N=12 N=19 N=18 N=13 N % 

a) …provided ample time to achieve the 
stated objectives…   

83.3 94.7 94.4 100.0 58 93.5 

b) …provided adequate follow-up…    91.7 100.0 88.9 100.0 59 95.2 

c) …provided useful resources and/or 
materials to assist with my instruction 
in the classroom… 

91.7 100.0 100.0 100.0 61 98.4 

d) …was high quality, sustained and 
intensive… 

100.0 100.0 88.9 100.0 60 96.8 

e) …was linked to state and national 
standards… 

83.3 94.7 83.3 100.0 56 90.3 

 

1
Percent of participants who indicated that they "Strongly Agree" or "Agree" with each statement. Percentages are based on 
those with valid response to item.  
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The teachers’ opinions about the workshops’ impacts on their professionalism are displayed in 
Table 13. All 62 participants said they would recommend the program to other teachers. Nearly 
all (95%) have informally shared what they learned through the training with colleagues, while 
almost half (47%) had done so in formal interactions. Most have maintained contact or planned 
to stay in touch with the other participants (92%) and the faculty and instructors who provided 
the training (87%), while 71 percent intended to do so with the college/university faculty who 
provided the professional development. Respondents also verified that the program facilitated 
the establishment of a professional network among participants (86%). Lastly, there was wide 
variation across the workshops in the proportion of participants who attended a professional 
association conference as a result of the training. While 70 percent of the YR2 group and more 
than half of those in CHEM (58%) and BIO (56%) reported doing so, only 18 percent of PHYS 
participants indicated they attended a professional association conference due to the training. 
 
Table 13: ODHE Post-Survey Questions about the Impact on Teachers’ Professionalism1 

 

Impact this program had on you? 

2018 Post-Survey 

PHYS CHEM BIO YR2 
TOTAL 

N=62 

N=12 N=19 N=18 N=13 N % 

a) I have maintained contact (or plan to 
maintain contact) with other 
participants… 

100.0 78.9 94.4 100.0 57 91.9 

b) I have maintained contact (or plan to 
maintain contact) with 
college/university faculty who 
provided the professional 
development… 

63.6 63.2 66.7 92.3 43 70.5 

c) The program led to the establishment 
of a professional network among 
participants… 

90.9 70.6 88.9 100.0 49 86.0 

d) I have attended a professional 
association conference… 

18.2 57.9 56.3 70.0 29 51.8 

e) I have or would recommend this 
program to other teachers… 

100.0 100.0 100.0 100.0 60 100.0 

f) I have shared what I learned with 
colleagues through informal 
interactions… 

91.7 94.7 94.4 100.0 59 95.2 

g) I have shared what I learned with 
colleagues through formal 
interactions... 

41.7 47.4 38.9 61.5 29 46.8 

h) I have maintained contact (or plan to 
maintain contact) with the teacher-
instructors who provided the 
professional development… 

90.9 68.4 100.0 92.3 53 86.9 

 
1
Percent of participants who indicated that they "Strongly Agree" or "Agree" with each statement. Percentages are based on 
those with valid response to item. 
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IMPACTS: Students 
 
Table 14 shows the teachers’ responses to ODHE close-ended questions about the impact of 
modeling on students. Eighty-four percent of the participants reported that their students were 
“more attentive, enthusiastic and involved in classroom activities” as a result of the professional 
development, and almost three-quarters (74%) indicated that the quality of student work had 
improved. Only 33 percent reported increased student participation in science and math 
activities outside of school, but like last year’s findings, this varied across workshops from a low 
of 25 percent (PHYS) to a high of 62 percent (YR2).  

 
Table 14: ODHE Post-Survey Questions about Impact on Students1 

 

Impact this program had on your 
students? 

2018 Post-Survey 

PHYS CHEM BIO YR2 
TOTAL 

N=62 

N=12 N=19 N=18 N=13 N % 

a) My students are more attentive, 
enthusiastic and involved in 
classroom activities… 

91.7 68.4 83.3 100.0 52 83.9 

b) The quality of student work is 
noticeably improved… 

91.7 57.9 61.1 100.0 46 74.2 

c) My students are participating in 
science and/or math activities outside 
of the classroom to a greater 
degree…  

25.0 26.3 27.8 61.5 21 33.9 

 

1
Percent of participants who indicated that they "Strongly Agree" or "Agree" with each statement. Percentages are based on 
those with valid response to item.  

 
Participants in each workshop made numerous changes in how they teach their science classes 
as a result of their Modeling Workshop experiences. These included less lecturing and more 
student-centered, inquiry-based activities, collaborative work, labs, and whiteboarding. They 
also reported greater focus on big ideas/models rather than stand-alone units and using more 
open-ended assessment questions, e.g., “show-what-you-know prompts.” The comments below 

from members of each workshop are representative of these changes: 
 

Typical progression used to be lecture, PowerPoint notes, math skills, lab (very 
little use of graphs). Progression now is research (lab work), analysis of results 
(whiteboards), determination of mathematical relationship (y=mx+b), correlation 
to scientific formula (vf=at+vi), math skills, deployment lab (heavy use of graphs).  
PHYS 
 
Completely changed. I rarely lecture now, I always do labs first before any sort of 
explanation, and I always allow students to whiteboard to try to explain their 
observations in labs. CHEM 
 
I changed the layout of my room to lab tables in the middle and a few desks on 
the outside. Students work almost exclusively in groups whereas before they 
worked alone or with a partner. I question students to elicit ideas from 
observations they have made to help them learn a scientific principle. BIO 
 
I have been rewriting and rearranging modeling materials to better fit my 
students' needs. I have also included many different assessment types and 
alternative questions. YR2 
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This CHEM teacher’s observations illustrate equally important changes in students’ response to 
the modeling strategies she has implemented:   
 

Students know what "modeling" refers to now. They understand they need to 
draw their interpretation of an answer to a question or concept and be able to 
explain their model to the class, and that they cannot always defer to a 
mathematical answer. Students are more patient when I ask, “but why" or "what 
if" rather than just giving up due to frustration or impatience.  

 

Participant Suggestions  
 
On both the End-of-Workshop Survey and Post-Surveys, participants were given an opportunity 
to recommended improvements to the summer and follow-up training, respectively. Several 
wrote, in essence, that they had “no criticisms” or could not think of any suggestions for 
improvement. Others characterized their respective workshops as “amazing,” “great,” and 
“extremely worthwhile.” Although there was much praise and appreciation of the Modeling 

Workshops and the support provided, as with prior cohorts, some in the group did have 
enhancements to suggest.   
 
Aspects of the Workshops that Could be Improved  
 
Recommendations in response to the question about aspects of their workshops they thought 
could be improved are aggregated below by workshop group. These are followed by extended 
comments that give the recommendations important context: 
 
PHYS 
 

 Less homework (eliminate some of the reading assignments) 
 More information up front about amount of work required 
 Clarify expectations for grading early on 
 Clarify jargon and terminology common to modeling 
 More thorough feedback on reflections and notebook writings 
 Have instructors step in more often during second whiteboarding session 
 Create student whiteboards from worksheets to show common student mistakes 
 More time for reflection during workshop (not just as homework assignment)   
 More scaffolding to the questioning 
 Less repetition in the assigned readings 
 Ensure all instructors use same rubric for grading 
 Provide answer keys for materials in "Big Book of Fun” 

 
In terms of more scaffolding, a PHYS teacher suggested “starting off in small groups asking 
questions of two students and trading off teacher/student roles, while instructors circulate and 
give feedback, then splitting into larger groups and finally whole class.” 
 
Another PHYS participant suggested changing the structure of activities to free up more class 
time: “Start worksheets as a class, but instead of taking 30-45 minutes on it, maybe we do the 
worksheets at home and come back the next day with a whiteboarding/questioner plan. At 
times, we felt rushed getting through deployment labs or content; this would provide a little more 
class time.” 
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This same individual wrote that it would be helpful to identify the "Headers" the participants 
should put in their notebooks. For example: "Now start the Unit 2 Paradigm Lab section in your 
notebook. Often times we'd jump into something and I wasn't sure what we were doing. That 
info would have been great to organize my notebook, especially going back to reference it.” 

 
A PHYS participant suggested creating an “opportunity to discuss (message board) modeling 
observations, discoveries, and struggles with the class to help each other throughout the year.” 

Lastly, another PHYS teacher advocated condensing the workshop and including more 
challenging problems:  
 

We are science/physics teachers; we already know how to solve questions, but 
we have problems with how to explain it cognitively. We learned some effective 
methods. However, I expected to solve more tricky questions to apply on these 
modeling methods. The workshop is too long; some activities take less time than 
expected. It could finish at 5 p.m. and be finished in two weeks. 

 
CHEM 
 

 More lab time 
 Less homework 
 Schedule break times 
 Earlier access to online materials  
 Better ways to learn questioning techniques 
 Better introduction to the benefits of student mode 
 Encourage everyone to wear their name tags each day 
 Specific sessions on misconceptions and how to address them  
 Assign scripting some nights per week instead of reading assignments 
 One-day summer refreshers to encourage ongoing development of strategies 

 
The CHEM participants elaborated on the suggestions above with these contextual comments: 

 
More time to identify the goals and the questions we should be asking on boards 
for the subjects we're learning. Better ways to ask the probing questions. Maybe 
participants could work one-on-one with another participant and then 
progressively question larger groups.  
 
Maybe prior to having participants practice in front of peers, have more 
reflections and question-sharing on whiteboard work.  
 
Student mode was a mystery to me during the first week. I figured out the 
benefits as we went through it, but missed the point for one third of the workshop.  
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BIO 
 
Most of the 18 BIO participants were pleased with the workshop and did not have suggestions 
for improvement. A few requested more chances to practice modeling in teacher mode and 
more feedback when they were in the role of teacher. They were satisfied with the workshop 
length while at the same time expressing the desire for coverage of more material: 
 

I would have liked to cover more of the curriculum in class, but I also would not 
want to take a six-week summer workshop. 
 
More time to work through more units but that would be challenging because 
three weeks is quite a bit of summertime to give up, but well worth it. It seems to 
be a quality workshop run by quality people. 
 

They praised the BIO instructors as a “great team,” “doing a good job filling the gaps” 
and characterized the workshop as “extremely worthwhile.” One BIO participant 
suggested providing a timeline of the units and lessons on the first day rather than near 
the end, “so I know how much time to take for each set of lessons.”   
 
YR2 
 
An overall theme of the YR2 participants’ recommendations was the request for greater clarity. 
They suggested improving the rubrics and clarifying expectations in writing: 
 

A document of everything that is due, what is required to hand in, and 
expectations for the final presentation. 
 
Be clear up front about all the necessary pieces that ultimately come together to 
form a unit. 
 
The structure of the syllabus could have been clearer. At the end of class on 
most days, we had to stop and ask the instructors what was due next. The 
rubrics were helpful, but they could have been more focused. 

 
A more structured timeline would be beneficial.   

 
A YR teacher recommended scheduling “large blocks of work time in the morning” 
because “productivity tended to taper off in the afternoon as mental exhaustion set in.” 

She felt that having class discussions and presentations in the afternoon would help 
maximize the morning work time. Another participant urged that the time allotted to work 
on the units and discuss articles not be spread out over the course of the day: “I would 
rather see all the instruction/discussion at the beginning or end of the day. Once we get 
into the rhythm of working on the unit, breaking that up breaks our focus.”  
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Additional Feedback about the Year 2 Workshop 

 
Given the large blocks of time, one YR2 participant felt it would be helpful to have “instructors 
walk around more” providing feedback and guidance. Other respondents concurred that more 

input from the instructors would be helpful: 
 

I'd like a little more instruction/guidance on how to construct a worksheet that 
sequences learning effectively. We were pretty much left to our own devices on 
developing worksheets. It would be beneficial to have a worksheet assignment 
we could get feedback on before turning in the whole unit.  
 
Workshop leaders were great and were available when we had questions, but I 
would have like to have seen them check in more often and challenge us during 
the development of our unit. 

 

A YR2 teacher who hoped to have more interactions with other participants suggested 
“shuffling our unit design groups during reading discussions so teachers across 
disciplines could interact more. I felt at times we were cloistered into the group we 
selected on the first day.” 
 
Lastly, a YR2 teacher suggested that participants be allowed “freedom to go to the store 
during the day, when needed, to buy equipment or supplies. Many times we had to go 
afterward, and then had to wait to test out an idea.” 
 
Suggested Changes Specific to Follow-up Sessions at Year-end 
 
The workshop participants suggested modifications, summarized below, which they feel will 
improve the follow-up sessions: 
 

 More Ohio standards-based content 
 Focus more time on units not covered during the summer 
 Frequently update the online material to show what works, what does not 
 Communicate the topic of discussion prior to the actual session (distribute an agenda) 
 More total sessions, fewer concurrent sessions during Modelpalooza (“hard to choose, I 

felt I was missing out by not going to more!”) 
 
One PHYS participant felt the follow-up topics were “too upper-level” and only applicable or 
beneficial to those who actually teach physics.” She would prefer more time set aside “to 
discuss how things have been going in our classes and troubleshoot our particular issues. The 
only benefits I got from the follow-ups were from talking to others, not from any of the scheduled 
activities.” Her comment illustrates the pivotal value of the networking that takes place at 

Modelpalooza. Others benefitted from the Skype and online sessions and would like to see 
more active participation in those formats.  
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Ideas about Continuing Professional Development in Modeling  

 
The participants described the activities and supports that would help them continue to develop 
their modeling skills set. The areas where more support would be of benefit include: 
 

 How to develop and write curriculum materials 
 Support for low-tech versions of the same activities 
 Videos of demonstrations from the workshops to reference during the school year 
 Session on designing questions, questioning technique, implementing questions  
 Session on how to integrate modeling ideas into non-physics courses 
 Schedule regular meetings by subject, every 3-4 months 
 Informal meetings among local modeling teachers 
 Provide PowerPoint notes to supplement content 
 More guidance with Logger Pro 

 

A PHYS participant felt that low-tech versions of the activities were not adequately addressed 
during the summer: “It was either ignored or mentioned briefly with little discussion of the 
details, and when we did the activities in class, it assumed full technology access. I’d like to go 
through some activities the low-tech way to see how students deal with that and what problems 
are likely to pop up.” 

 
Other participants thought it would be helpful to establish a way to get their questions answered 
quickly as they arise at different times during the academic year:  
 

It would be nice to receive an email maybe every other month to ask how we’re 
doing, if we have any questions. When school begins we’re juggling teaching, 
meetings, after school events and home life. Many times we have questions 
about modeling but then have to choose whether to contact a modeling coach or 
do prep work for the next day (the later usually wins). If we had an email sent 
regularly, we could respond quickly with any questions we may have. CHEM 
 
I sometimes have questions about the activities and how to get the students to 
get to the concepts. It was a lot easier in the Modeling Workshop when the 
teacher knew the answer. BIO 

 
One CHEM teacher opined that the resources “could be rewritten with better directions and 
format for digital use.”  
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Feedback from the Project Director 
 
Project Director and PI, Dr. Kathleen Harper, offered additional examples that illustrate the 
training’s impacts on the participants and how it continues to grow organically with many 
participants coming back for additional workshops and sharing the modeling approaches they 
learned with colleagues. With the addition of a Biology Workshop, Dr. Harper confirmed another 
strong cohort in the 2017-2018 grant year that drew teachers from afar, and a great response to 
the instructional team:  
 

This was another really super group with a great sense of community. 
Every year it’s gotten easier to establish that sense of camaraderie. More sign 
up for it already knowing what they’re getting into, there are fewer surprised 
people and more know what they are going to take away from the workshop.  
About one third in the Biology Workshop had already taken at least one other 
workshop. Two had taken every workshop we’ve ever offered. We had a neat 
mix of those brand new to modeling and others who had seen it in other places. 
Both groups interacted and really loved it. This year we reached a few districts 
that we hadn’t before, even had a team come from Arizona for the Biology 
Workshop. They loved the teachers-leaders. The leaders had a great time and 
are being sought out by out-of-state biology programs to come do workshops for 
them.  

 
Below are additional highlights from the evaluation interview with Dr. Harper. 
 
Instructional Changes 
 

Dr. Harper shared two examples of how the Modeling Workshops have quite literally 
transformed the teaching practice of workshop participants:    
 

One was a graduate of the Woodrow Wilson program at OSU who had been 
teaching for four or five years at Thomas Worthington HS. After looking at what 
he learned pedagogically in the Chemistry Workshop, he went back to his 
classroom and reorganized everything. As soon as he modelized the materials, 
he said he was finally teaching the way he’d always wanted to. He assessed 
everything he was doing with his students and realized they were doing better 
than they ever had before. We had him as a presenter at Modelpalooza in 
February, and he’s become the biggest prophet for the modeling approach in his 
school district.   
 
We had a teacher from up in Kent who took the Chemistry Workshop. In emails 
from him during the school year, he talks about how life-changing the workshop 
has been and how he really wished he had done it sooner. The Physics teacher 
that recommended him to attend agrees that he’s a changed person; she said, 
“He’s always been a good teacher, but now he’s a great teacher.” 
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Long-term Impact on Students and Teachers 
 
Dr. Harper observed that modeling has made an evident difference for students as well as 
teachers:  
 

The students I meet always have positive things to say about our teachers. I 
have a student this year whose physics teacher took our workshop in 2006, and 
he absolutely loved learning with him. It sounded like he was using a lot of what 
we’d talked about in the workshop, so it appears to be having long-term impacts. 
 
A couple of workshop teachers have been on science curriculum committees. 
ODE staff have said that when they brought teachers together from around the 
state they could always tell which teachers were modeling teachers. They 
thought about and talked about learning science and how to involve students in a 
more experiential way than other teachers in the room. It’s been 14 years of 
modeling in Ohio and we’re still making a difference.   

 
Networking 
 
Dr. Harper reported on a collaboration between the southern Ohio section of the American 
Association of Physics Teachers and the spring session in conjunction with Modelpalooza that 
fostered a high level of productive networking:  
 

We advertised it nationally on the modeling list and held the events together in 
February. Three people from Kentucky drove up, including the new president of 
the national modeling organization. About 120 people registered; Hilliard sent 
reps from all of their high schools. We had networking not just between 
workshops but between schools and districts, and between local teachers and 
teachers from out of state. Everybody loved it so much that they want to do it 
again next year.  

 

Given the change in the funding model, the leadership team asked teachers in the Chemistry, 
Physics, and Biology rooms to provide critical feedback on the kinds of future networking and 
PD activities they would like to see. One of the more promising suggestions, according to Dr. 
Harper, was a Physics Teacher Camp, which she described as combination of conference and 
“un-conference” time where everyone brings things to share and get feedback on and time is 
built in for people to coalesce into groups to work on projects: “People who attended would like 
to see us implement a camp like that locally for all science teachers.” 
 
Dr. Harper was optimistic about future networking events, despite the lack of funding for 
workshops or follow-up summer sessions: 
 

Maybe we could see if we can develop something for the fall and then continue 
with Modelpalooza in the spring. We can pretty much do those for free as 
nobody is a paid instructor. New Albany is always very nice about letting us use 
their space because so many of their teachers want to participate in the event. It 
sounds like something we could do with people power. 
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Funding Challenges 

 
Although applications for different sources of funding to continue the program have not been 
successful to date, Dr. Harper is intent on offering Modeling Workshops in some format that 
remains accessible to teachers. It is a challenging prospect as Ohio is one of the last states that 
has been able to offer Modeling Workshops free of charge to teachers: 
 

The intent of the legislative change was to put more PD dollars in the hands of 
the districts to spend, but every time I’ve spoken to district reps about it, they 
don’t seem to know what’s going on. The Worthington coordinator tried to partner 
with other districts in the area, but discovered they had no idea where their new 
PD money was coming from or what the restrictions were going to be. The actual 
implementation of ESSA at the district level has been lagging far behind the 
federal intent. Hopefully, by the fall there will be a system in place for the 
teachers to ask for and get that PD support. Over the summer we’ll work out 
what we would have to charge per participant. A lot of districts allot their PD 
dollars at the start of the school year, so if we can tell teachers early on when it’s 
going to be, and the cost, then we’ll have a better chance of getting those dollars. 
Ideally, we announce the cost and then get some grant money to reduce it.  
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Conclusions and Next Steps 
 
Survey results on the Modeling Workshops confirmed that they provided a successful 
professional development experience for participants across the four groups (PHYS, CHEM, 
YR2, and BIO, new this year). The training improved participants’ content knowledge, 
contributed positively to their attitudes about science, and increased their ability to use inquiry-
based, student-centered lessons. A high proportion confirmed growth in the following areas: 
 

 97 to 99% felt the workshop increased their ability to see connections among science 
concepts, and enhanced their confidence in teaching science.  

 96% gained skills in complex thinking and reasoning  
 75% feel prepared to provide professional development on workshop activities to 

teachers in their respective buildings 
 
Participants’ recommended improvements by workshop type are detailed on pages 27-29 and 
additional feedback from the YR2 group is provided on page 30. Implementing their suggested 
enhancements in future iterations of the workshops will enhance their appeal to teachers and 
ensure their needs are met.  
 
Analysis of Pre- and Post-Survey results show comprehensive evidence that the 2017-2018 
implementation Science Modeling Instruction in Central Ohio program produced overall strong 

positive results. Overall, 99 percent of the teachers initially confirmed their enjoyment in 
teaching science and 97 percent agreed that, “Virtually all students can learn to think 
scientifically,” and these high levels of agreement were maintained at year-end. Most also 
concurred that teachers should consistently use activities that require students to do original 
thinking (93-95%), student learning is enhanced when the contributions of different cultures are 
incorporated (81-86%), and that getting students to be able to explain their answers is more 
important than having students get the correct answer (84-85%). By year-end, teachers were 
statistically significantly less likely to organize their curriculum around the textbooks (down 
overall 22% to 7%, CHEM 25% to 11%, and BIO 28% to 0%). Given that teachers feeling 
comfortable with students being confused is a primary tenet of inquiry-based learning, the 
statistically significant decrease (from 18% to 2% overall) in the proportion of teachers agreeing 
that “Students should never leave science class feeling confused or stuck” is notable. Survey 
data showed statistically significant gains in teacher understanding of the following: 
 

 How to differentiate instruction—from 63% to 86% for overall 
 

 Effective questioning techniques—from 73% to 90% overall, 55% to 84% for CHEM, and 
72% to 94% for BIO 
 

 How to use technology—from 73% to 90% overall, 55% to 84% for CHEM, and 72% to 
94% for BIO  

 
Statistically significant pre/post gains were also in evidence on measures of the participants 
instructional practices and how they view the students’ role:   
 

 Classroom interaction involves dialogue between teacher and students—increased 
overall from 70% to 89% 
 

 Students generally work in groups cooperatively—increased overall from 60% to 86%, 
CHEM up from 35% to 90% 
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 Instruction emphasizes broad coverage of information with little depth—decreased 
overall from 18% to 2%, PHYS down from 13% to 0% 
 

 Student role is to apply inquiry and problem solving skills to discover solutions to 
problems—increased overall from 64% to 92%, PHYS up from 67% to 92%, CHEM up 
from 50% to 95%, and BIO up from 50% to 83% (NOTE: YR2 was 100% on pre and post) 
 

 Students generally learn concepts using hands-on approaches—increased overall from 
64% to 86%, CHEM up from 45% to 84%, BIO up from 56% to 78% 

 
In terms of spreading the modeling approach to other teachers, at the end of the academic year, 
participants overall reported being significantly more likely to serve as a resource for other 
science teachers in their respective school districts (up from 24% to 34%). 
 
The impact on students of the Science Modeling Instruction in Central Ohio is observable and 

impressive, according to teachers on the front line. Eighty-four percent reported their students 
were “more attentive, enthusiastic and involved in classroom activities” as a result of the 
professional development, and almost three-quarters (74%) indicated that the quality of student 
work had improved. Qualitatively, teachers reported that their students have embraced the 
modeling approach and grasped the need to link “their interpretation of an answer to a question 
or concept and be able to explain their model to the class.” It was also noted that students are 
“more patient with questioning” and not as prone to giving up in frustration or impatience. 

 
The teachers’ opinions about the workshops’ impacts on their professionalism are encouraging. 
All 62 participants said they would recommend the program to other teachers. Most have 
informally shared what they learned through the training with colleagues (95%) and maintained 
contact or planned to stay in touch with the other participants (92%) and faculty and instructors 
who provided the training (87%). Eighty-six percent confirmed that the program facilitated the 
establishment of a professional network among participants.  
 
Teachers from all the workshops described using more small group discussion, collaborative 
learning, inquiry-based activities, whiteboarding, and daily checks to assess understanding. 
They reported less lecturing and greater emphasis on in-depth big ideas and storylines. At year-
end, numerous teachers attributed their increased comfort with modeling to the program and 
expressed interest in furthering their modeling practices in the classroom and investing in their 
professional growth as modelers. The program has transformed teaching practices in science 
instruction and laid the foundation for teachers to continue to transform themselves. As one 
CHEM participant enthused, “I’d love to be able to attend a second year Modeling Workshop in 
the summer and develop a unit. I‘d attend other follow-up events on Saturdays, if offered. I will 
definitely attend Modelpalooza in the future to keep up with other modelers and get new ideas.” 

 
Lastly, the effectiveness of the structure of the Science Modeling Instruction in Central Ohio 
initiative merits praise. The program not only teaches modeling but empowers teachers to teach 
themselves to become modelers, as this YR2 participant clearly values: 

 
In the first-year workshop, I learned a new pedagogical style of teaching and 
applied it to the activities provided in my classroom experience. In the second-
year workshop, I learned why these provided activities are successful in the 
modeling classroom environment and how to develop additional activities that will 
also be successful. If I had only taken the first-year workshop, I would have felt 
tied to the activities provided and resistant to other activities. Now I’m excited to 
continue adapting my classroom activities with the strategies I learned.   
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Appendix 1 
Science Modeling Instruction in Central Ohio 

Description of Teachers1 

 

 
2017 Pre-Survey 

PHYS CHEM BIO YR2 
TOTAL 

N=67 
 N=15 N=20 N=18 N=14 N % 

Gender       

Female 53.3 70.0 72.2 71.4 45 67.2 

Male 46.7 30.0 27.8 28.6 22 32.8 

Race/Ethnicity       

a)  White, non-Hispanic 80.0 95.0 88.9 100.0 61 91.0 

b)  Black, non-Hispanic 0.0 5.0 11.1 0.0 3 4.5 

c)  Hispanic 0.0 0.0 0.0 0.0 0 0.0 

d)  Asian/Pacific Islander 13.3 0.0 0.0 0.0 2 3.0 

e)  American Indian/Alaskan Native 0.0 0.0 0.0 0.0 0 0.0 

f)   Other (mixed) 6.7 0.0 0.0 0.0 1 1.5 

Age       

Under 30 35.7 5.0 16.7 38.5 14 21.5 

31-40  35.7 30.0 27.8 38.5 21 32.3 

41-50  28.6 25.0 33.3 7.7 16 24.6 

51-60  0.0 40.0 22.2 15.4 14 21.5 

Over 60 0.0 0.0 0.0 0.0 0 0.0 

Position       

Teacher 93.3 100.0 83.3 100.0 63 94.0 

Special Education, Resource or 
Inclusion Teacher 

0.0 0.0 11.1 0.0 2 3.0 

Other (EL co-teacher; Certified teacher 
but not currently in a position)  

6.7 0.0 5.6 0.0 2 3.0 

Grade Level Taught
 

      

Middle (7-8) 13.3 0.0 0.0 14.3 4 6.0 

High School (9-12)  86.7 100.0 100.0 85.7 63 94.0 

School Type       

Public School District 66.7 80.0 88.9 78.6 53 79.1 

Community School, Charter School or 
Nonpublic School 

33.3 20.0 11.1 21.4 14 20.9 

Other Institution 0.0 0.0 0.0 0.0 0 0.0 

Classroom Type       

Self-contained class  0.0 0.0 0.0 7.1 1 1.5 

Science only 86.7 95.0 94.4 92.9 62 92.5 

Other (EL and science = 2, science and 
entrepreneurship = 1, and science and 
engineering = 1)   

13.3 5.0 5.6 0.0 4 6.0 

 

1
Percentages are based on those with valid response to item.  
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Appendix 1 
Science Modeling Instruction in Central Ohio 

Description of Teachers1 

—Continued— 
 

 
2017 Pre-Survey 

PHYS CHEM BIO YR2 
TOTAL 

N=67 

 N=15 N=20 N=18 N=14 N % 

Years of Teaching Experience       

Less than 1 year 38.5 0.0 22.2 7.1 10 15.4 

1-2 years 15.4 25.0 5.6 28.6 12 18.5 

3-5 years 15.4 5.0 16.7 28.6 10 15.4 

6-10 years 23.1 30.0 33.3 28.6 19 29.2 

11-19 years 7.7 40.0 22.2 7.1 14 21.5 

20 years or more  0.0 0.0 0.0 0.0 0 0.0 

Years Taught at Current School       

Less than 1 year 69.2 21.1 27.8 7.1 19 29.7 

1-2 years 7.7 15.8 33.3 50.0 17 26.6 

3-5 years 0.0 21.1 5.6 21.4 8 12.5 

6-10 years 23.1 26.3 33.3 21.4 17 26.6 

11-19 years 0.0 15.8 0.0 0.0 3 4.7 

20 years or more  0.0 0.0 0.0 0.0 0 0.0 

Highest Degree Received       

Bachelor's Degree 28.6 15.0 33.3 21.4 16 24.2 

Master's Degree 57.1 85.0 66.7 78.6 48 72.7 

Doctorate 14.3 0.0 0.0 0.0 2 3.0 

Degree Areas
2 

      

Science Education 66.7 90.0 50.0 85.7 49 73.1 

Earth Science or Geology  13.3 10.0 11.1 7.1 7 10.4 

Mathematics Education 0.0 5.0 0.0 0.0 1 1.5 

Biology or Life Science 73.3 45.0 27.8 71.4 32 52.2 

Physics or Physical science 40.0 10.0 11.1 35.7 15 22.4 

Mathematics  0.0 10.0 0.0 14.3 4 6.0 

Chemistry or Biochemistry 6.7 55.0 16.7 35.7 20 29.9 

Environmental Science 0.0 5.0 0.0 7.1 2 3.0 

Engineering 6.7 10.0 5.6 7.1 5 7.5 

Other 6.7 5.0 22.2 0.0 6 9.0 
 

1
Percentages are based on those with valid response to item.  

2
Total can add to more than 100 percent, as respondent could obtain degree in more than one area.  
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Appendix 2 
Science Modeling Instruction in Central Ohio 

Districts and Other Schools/Status Represented 
 

Type District Count District/Charter/Private/Other N %
 

Public 

1 Cleveland Heights-University Heights 1 1.5 

2 Columbus City 2 3.0 

3 Danbury Local 1 1.5 

4 Dublin City 1 1.5 

5 Fostoria City 1 1.5 

6 Fredericktown Local 1 1.5 

7 Groveport Madison Local 4 6.0 

8 Harrison Hills City 1 1.5 

9 Hilliard City 4 6.0 

10 Indian Hill 1 1.5 

11 Kent City 1 1.5 

12 Lakewood Local 1 1.5 

13 Lancaster City 1 1.5 

14 Leipsic Local 1 1.5 

15 Logan Elm Local 1 1.5 

16 London City 1 1.5 

17 Mount Vernon City 2 3.0 

18 New Albany-Plain Local 4 6.0 

19 Newark City 1 1.5 

20 Newton Local 1 1.5 

21 Olentangy Local 3 4.5 

22 Orange City 1 1.5 

23 Parkway Local 1 1.5 

24 Pickerington Local 4 6.0 

25 Reynoldsburg City 4 6.0 

26 Sycamore Community 1 1.5 

27 Toronto City 1 1.5 

28 Trotwood-Madison City 2 3.0 

29 Versailles Exempted Village 2 3.0 

30 Willoughby-Eastlake City 2 3.0 

31 Worthington City 1 1.5 

Community, 
Charter, or 

Private 

Charter 
Horizon Science Academy - Columbus HS 1 1.5 

Horizon Science Academy - Columbus MS 1 1.5 

Private 

Elyria Catholic HS 1 1.5 

Laurel School 4 6.0 

Northside Christian School 1 1.5 

Saint Joseph Academy 1 1.5 

 Out-of-State  5 7.5 

TOTAL 67 100.0 
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Appendix 3 
Science Modeling Instruction in Central Ohio 

Opinions about Workshops and Initial Impacts1 

—Questions Ordered by Appearance on Survey— 
 

 
2017 End-of-Workshop Survey  

PHYS CHEM BIO YR2 
TOTAL 

N=67 
 N=15 N=20 N=18 N=14 N % 

a) Adequate time was allowed for 
participants to reflect on and relate 
material to their experience and 
needs. 

86.7 90.0 100.0 100.0 63 94.0 

b) Participants’ questions and concerns 
were addressed effectively. 

93.3 100.0 100.0 100.0 66 98.5 

c) I improved my content knowledge. 100.0 100.0 100.0 100.0 67 100.0 

d) I gained skills in complex thinking 
and reasoning. 

93.3 100.0 88.9 100.0 64 95.5 

e) I gained skills in how to use inquiry in 
my classroom. 

100.0 100.0 100.0 100.0 67 100.0 

f) This workshop contributed positively 
to my attitude about science. 

100.0 100.0 100.0 100.0 67 100.0 

g) This workshop enhanced my 
confidence in teaching science. 

100.0 90.0 100.0 100.0 65 97.0 

h) I increased my ability to see 
connections among science 
concepts. 

100.0 90.0 100.0 100.0 65 97.0 

i) I increased my ability to see 
connections between science and 
mathematics. 

100.0 85.0 66.7 92.9 57 85.1 

j) This workshop has helped me 
become a more effective teacher. 

100.0 85.0 100.0 100.0 64 95.5 

k) Overall, this workshop was a 
successful professional development 
experience.  

100.0 100.0 100.0 100.0 67 100.0 

l) I would recommend this workshop to 
other teachers. 

93.3 100.0 100.0 100.0 66 98.5 

m) I feel prepared to provide 
professional development on the 
covered workshop-specific activities 
for teachers in my building. 

66.7 65.0 72.2 100.0 50 74.6 

n) I feel better prepared to encourage 
science activities in my building. 

93.3 100.0 83.3 100.0 63 94.0 

o) Curriculum Development / Year 2 
Only: The amount of 
guidance/structure was appropriate. 

NA NA NA 100.0 14 100.0 

 

1
Percent of participants who indicated that they "Strongly Agree" or "Agree" with each statement. Percentages are 

based on those with valid response to item.  
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Appendix 4 
Science Modeling Instruction in Central Ohio 

Workshop Activities Rated Worthwhile1 

—Questions Ordered by Appearance on Survey— 
  

 
2017 End-of-Workshop Survey End-of-Workshop 

PHYS CHEM BIO YR2 
TOTAL 

N=67 
 N=15 N=20 N=18 N=14 N % 

a) Overall interaction with the other 
participants. 

100.0 100.0 100.0 100.0 67 100.0 

b) Overall interaction with workshop 
facilitators. 

93.3 100.0 100.0 100.0 66 98.5 

c) Modeling of inquiry. 100.0 100.0 100.0 100.0 67 100.0 

d) Examples on how to apply district 
standards. 

50.0 57.1 77.8 100.0 42 72.4 

e) Introduction to various sources of 
curriculum materials (books, 
websites, etc.). 

86.7 80.0 100.0 100.0 61 91.0 

f) Reading assignments (research 
articles). 

80.0 80.0 100.0 100.0 60 89.6 

g) Discussion of reading assignments. 80.0 90.0 100.0 100.0 62 92.5 

h) Purchase of educational/classroom 
materials.  

100.0 88.2 94.4 100.0 59 95.2 

i) Curriculum Development /Year 2 
Only: Large blocks of "free" time 
spent working on curriculum. 

NA NA NA 100.0 14 100.0 

 

1
Percent of participants who rated each aspect as “Very Worthwhile” or “Somewhat Worthwhile.” Percentages are 
based on those with valid response to item.  
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Appendix 5 
Science Modeling Instruction in Central Ohio 

Follow-up Session Modelpalooza Presenters Rated Effective1 

—Questions Ordered by Appearance on Survey— 
 

2018 Post-Survey 

 
PHYS CHEM BIO YR2 TOTAL

 

N=1-5 N=1-7 N=1-6 N=1-10 N % 

a. Session 1 – Energy in Physical 
Science  

100.0 NA 100.0 100.0 10 100.0 

b. Session 1 – Covalent Bonding  0.0 NA 80.0 100.0 6 75.0 

c. Session 1 – Fruit Fly Karyotypes NA NA 100.0 NA 2 100.0 

d. Session 1 – Discussion of 
Whiteboarding Techniques 

100.0 100.0 100.0 100.0 9 100.0 

e. Session 1 – Modeling Kinematics with 
Robots 

No Ratings 

f. Session 1 – Discussion of College 
Credit Plus 

100.0 100.0 100.0 100.0 3 100.0 

g. Session 2 – Rotational Kinetic Energy 100.0 NA NA 50.0 2 66.7 

h. Session 2 – Modeling in Materials 
Science 

100.0 75.0 NA 100.0 8 88.9 

i. Session 2 – NGSS and Modeling NA NA 100.0 100.0 2 100.0 

j. Session 2 – Reasoning Models in 
Science Instruction 

0.0 NA 25.0 100.0 4 50.0 

k. Session 2 – Insights on Modeling and 
Astronomical Research 

0.0 100.0 NA 100.0 2 66.7 

l. Session 2 – Geogebra 100.0 NA NA NA 1 100.0 

m. Session 3 – Rotational Dynamics 50.0 NA NA 100.0 2 66.7 

n. Session 3 – Charge and Ionic 
Compounds 

0.0 75.0 NA 100.0 5 71.4 

o. Session 3 – Modeling in Mathematics NA 100.0 100.0 100.0 10 100.0 

p. Session 3 – Population Interactions No Ratings 

q. Session 3 – Standards-Based Grading 100.0 100.0 75.0 100.0 6 85.7 

r. Session 3 – Programming Exercises in 
Introductory Physics 

No Ratings 

s. Keynote – Casey Rutherford 80.0 85.7 83.3 90.0 24 85.7 
 

1
Percent of participants who indicated that the speaker was "Very Effective" or "Somewhat Effective." Percentages are 

based on those with valid response to item. “Not Applicable” responses were omitted.  
NA = No responses 
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Appendix 6 
Science Modeling Instruction in Central Ohio 

Teacher Self-ratings of Preparation and Effectiveness 
ODHE Pre-Survey and Post-Survey 1 

 

 2017 Pre-Survey 2018 Post-Survey
2
 

 
PHYS CHEM BIO YR2 

TOTAL 
N=67 PHYS CHEM BIO YR2 

TOTAL
3 

N=62
 

 N=15 N=20 N=18 N=14 N % N=12 N=19 N=18 N=13 N % 

a) I have a good understanding of 
fundamental core content in my 
discipline… 

93.3 100.0 88.9 100.0 64 95.5 100.0 94.7 100.0 100.0 60 98.4 

b) I have a good understanding of 
Ohio’s New Learning Standards in 
Mathematics and/or in Science… 

66.7 75.0 66.7 100.0 51 76.1 75.0 78.9 72.2 100.0 50 80.6 

c) I have a good understanding of how 
to assess student learning in 
multiple ways… 

80.0 80.0 83.3 92.9 56 83.6 100.0 94.7 83.3 100.0 58 93.5 

d) I have a good understanding of 
effective questioning techniques 
and its use in the classroom… 

73.3 60.0 72.2 92.9 49 73.1 100.0 94.7* 100.0* 100.0 61 98.4*** 

e) I have a good understanding of how 
to use technology effectively in the 
classroom… 

80.0 55.0 72.2 92.9 49 73.1 91.7 84.2* 94.4* 92.3 56 90.3** 

f) I have a good understanding of how 
to differentiate instruction in the 
classroom... 

73.3 40.0 72.2 71.4 42 62.7 83.3 78.9* 88.9 92.3 53 85.5** 

g) I have a good understanding of the 
methods necessary to teach math 
and/or science concepts 
effectively… 

93.3 90.0 72.2 85.7 57 85.1 100.0 94.7 83.3 100.0 58 93.5 

h) I believe I am an effective teacher… 93.3 95.0 77.8 100.0 61 91.0 100.0 94.7 88.9 100.0 59 95.2 

i) I am excited about teaching in my 
subject area… 

100.0 95.0 94.4 100.0 65 97.0 100.0 94.7 94.4 100.0 59 96.7 

j) I am interested in networking with 
teachers and other professionals… 

100.0 95.0 100.0 100.0 66 98.5 100.0 84.2 100.0 100.0 59 95.2 

 

1
Percent of participants who indicated that they "Strongly Agree" or "Agree" with each statement. Percentages are based on those with valid response to item. 

2
Statistically significant differences highlighted are between follow-up responses compared to their pre-treatment responses for participants who responded to both surveys as 

measured by a Chi-square test. 
*Statistically significant difference with p-value < .10  
**Statistically significant difference with p-value < .05 

***Statistically significant difference with p-value < .01  
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Appendix 7 
 Science Modeling Instruction in Central Ohio 

 Teacher Classroom Practices in ODHE Pre-Survey in IRC Pre-Survey and Post-Survey1 

 

 2017 Pre-Survey 2018 Post-Survey
2
 

 PHYS CHEM BIO YR2 
TOTAL 
N=67 PHYS CHEM BIO YR2 

TOTAL
 

N=62
 

 N=15 N=20 N=18 N=14 N % N=12 N=19 N=18 N=13 N % 

a) Classroom interaction involves a 
dialogue among teacher and students. 

80.0 55.0 61.1 92.9 47 70.1 100.0 84.2 77.8 100.0 55 88.7** 

b) Students generally work independently.
3
 0.0 5.0 11.1 7.1 4 6.0 8.3

 
0.0** 0.0 0.0 1 1.6*** 

c) Instruction emphasizes broad coverage 
of information with little depth. 

13.3 25.0 22.2 7.1 12 17.9 0.0* 15.8 11.1 0.0 5 8.2** 

d) Student role is to apply inquiry and 
problem solving skills to discover 
solutions to problems. 

66.7 50.0 50.0 100.0 43 64.2 91.7* 94.7* 83.3* 100.0 57 91.9*** 

e) Students generally learn concepts and 
processes through readings, lectures 
and demonstrations.

4
 

6.7 15.0 22.2 7.1 9 13.4 8.3 15.8* 22.2* 7.7 9 14.5*** 

f) I find it difficult to encourage the efforts 
and contributions of certain students or 
groups of students. 

6.7 20.0 27.8 21.4 13 19.4 0.0 15.8 23.5 7.7 8 13.1 

g) I generally assess students’ progress 
using alternative methods (e.g., open-
response questions, hands-on 
performance, portfolios, observation). 

33.3 10.0 33.3 35.7 18 26.9 41.7 21.1 38.9 53.8 23 37.1 

h) I differentiate my instructional                                                                                                
techniques based on student needs. 

53.3 20.0 44.4 21.4 23 34.3 58.3 47.4 55.6 38.5 31 50.0 

 

1
Percent of participants who indicated that the specified classroom teaching approach was a close match (value of 4 or 5) with their position. Percentages are based on those 
with valid response to item.  

2
Statistically significant differences highlighted are between follow-up responses compared to their pre-treatment responses for participants who responded to both surveys. 

3
Significant change was at the other end of the spectrum: “Students generally work in groups cooperatively.” 

4
Significant change was at the other end of the spectrum: Students generally learn concepts using hands-on approaches.”  

*Statistically significant difference with p-value < .10  
**Statistically significant difference with p-value < .05 
***Statistically significant difference with p-value < .01 
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Appendix 8 
Science Modeling Instruction in Central Ohio 

Teacher Opinions, Attitudes, and Instructional Practices in IRC Pre-Survey and Post-Survey1 

 

 2017 Pre-Survey 2018 Post-Survey
2
 

 
PHYS CHEM BIO YR2 

TOTAL 
N=67 PHYS CHEM BIO YR2 

TOTAL
 

N=62
 

 N=15 N=20 N=18 N=14 N % N=12 N=19 N=18 N=13 N % 

a) Virtually all students can learn to think 
scientifically. 

100.0 95.0 100.0 92.9 65 97.0 83.3 100.0 100.0 100.0 60 96.8 

b) Students learn science best in classes 
with students of similar abilities. 

33.3 35.0 27.8 28.6 21 31.3 33.3 42.1 27.8 46.2 23 37.1 

c) I enjoy teaching science. 100.0 100.0 94.4 100.0 66 98.5 100.0 94.1 94.4 100.0 58 96.7 

d) I organize my curriculum around the 
textbook. 

33.3 25.0 27.8 0.0 15 22.4 8.3 10.5** 0.0** 7.7 4 6.5*** 

e) The teacher should consistently use 
activities which require students to do 
original thinking. 

100.0 85.0 94.4 92.9 62 92.5 100.0 94.7 94.4 92.3 59 95.2 

f) Teachers should know the answers to 
most questions students ask about 
science. 

66.7 40.0 33.3 21.4 27 40.3 66.7 42.1 22.2 30.8 24 38.7 

g) Students should never leave science 
class feeling confused or stuck.

3
 

13.3 20.0 27.8 7.1 12 17.9 0.0 0.0 0.0 7.7 1 1.6** 

h) An important issue is not whether 
students’ answers to any science 
question are correct but whether 
students can explain their answers. 

80.0 75.0 88.9 100.0 57 85.1 91.7 73.7 77.8 100.0 52 83.9 

i) Some people are good at science and 
some just are not. 

20.0 20.0 5.6 7.1 9 13.4 8.3 15.8 5.6 0.0 5 8.1 

j) Learning for all students is enhanced 
by incorporating the contributions of 
different cultures. 

92.9 80.0 88.9 85.7 57 86.4 83.3 73.7 88.9 76.9 50 80.6 

k) Good science teachers show students 
the correct way to answer questions 
they will be tested on. 

33.3 35.0 29.4 14.3 19 28.8 8.3 21.1 27.8 23.1 13 21.0 

 

1
Percent of participants who indicated that they "Strongly Agree" or "Agree" with each statement. Percentages are based on those with valid response to item.  

2
Statistically significant differences highlighted are between follow-up responses compared to their pre-treatment responses for participants who responded to both surveys. 

3
Significant change was at the other end of the spectrum: More teachers disagreed with this item. 

**Statistically significant difference with p-value < .05 
***Statistically significant difference with p-value < .01 
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Appendix 9 

Science Modeling Instruction in Central Ohio 

School Support of Science Instruction and Teacher as a Resource1 

 

 2017 Pre-Survey 2018 Post-Survey
2
 

 
PHYS CHEM BIO YR2 

TOTAL 
N=67 PHYS CHEM BIO YR2 

TOTAL
 

N=62
 

 N=15 N=20 N=18 N=14 N % N=12 N=19 N=18 N=13 N % 

a) Most science teachers at my school 
would like to use an “inquiry” style of 
teaching. 

60.0 70.0 61.1 64.3 43 64.2 83.3 68.4* 55.6 61.5 41 66.1* 

b) Most science teachers in my school 
contribute actively to making decisions 
about the science curriculum. 

53.3 60.0 72.2 42.9 39 58.2 41.7 52.6 50.0 61.5 32 51.6 

c) Most science teachers in my school 
regularly share ideas and materials 
related to science instruction. 

73.3 75.0 66.7 71.4 48 71.6 83.3 68.4 72.2 76.9 46 74.2 

d) I regularly serve as a resource for other 
science teachers in my school. 

66.7 70.0 66.7 78.6 47 70.1 83.3 63.2 66.7 100.0 47 75.8 

e) I regularly serve as a resource for other 
science teachers in my district. 

26.7 25.0 22.2 21.4 16 23.9 33.3 36.8 27.8 38.5 21 33.9* 

f) My principal is supportive of innovative 
approaches to teaching science. 

86.7 85.0 77.8 92.9 57 85.1 83.3 84.2 88.9 92.3 54 87.1 

 

1
Percent of participants who indicated that they "Strongly Agree" or "Agree" with each statement. Percentages are based on those with valid response to item.  

2
Statistically significant differences highlighted are between follow-up responses compared to their pre-treatment responses for participants who responded to both surveys. 

*Statistically significant difference with p-value < .10  
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Appendix 10 
Science Modeling Instruction in Central Ohio 

Opinions about Preparedness in IRC Pre-Survey and Post-Survey 1 

 

 2017 Pre-Survey 2018 Post-Survey
2
 

 
PHYS CHEM BIO YR2 

TOTAL 
N=67 PHYS CHEM BIO YR2 

TOTAL
 

N=62
 

 N=15 N=20 N=18 N=14 N % N=12 N=19 N=18 N=13 N % 

a) Manage a class of students who are 
using hands-on/manipulative materials. 

93.3 90.0 83.3 92.9 60 89.6 90.9 100.0 94.4 92.3 58 95.1 

b) Use cooperative learning groups. 86.7 75.0 72.2 92.9 54 80.6 100.0 100.0* 94.4 100.0 60 98.4*** 

c) Implement inquiry or discovery learning. 71.4 63.2 61.1 92.9 46 70.8 90.9 100.0** 88.9 100.0 58 95.1*** 

d) Present the applications of science 
concepts. 

66.7 90.0 72.2 71.4 51 76.1 100.0 100.0 83.3 100.0** 58 95.1** 

e) Phrase questions to encourage more 
open-ended investigations. 

60.0 45.0 66.7 71.4 40 59.7 90.9 100.0*** 77.8* 84.6 54 88.5*** 

f) Use science equipment as an integral 
part of science instruction. 

66.7 90.0 61.1 92.9 52 77.6 100.0 100.0 66.7** 100.0 55 90.2** 

g) Teach groups that are heterogeneous 
in ability. 

60.0 70.0 66.7 64.3 44 65.7 90.9 94.7 77.8 92.3 54 88.5*** 

h) Teach students from a variety of 
cultural backgrounds. 

66.7 60.0 61.1 50.0 40 59.7 90.9 94.7** 88.9 92.3** 56 91.8*** 

i) Inform students of career opportunities 
in science. 

53.3 65.0 72.2 64.3 43 64.2 63.6 89.5 72.2 84.6 48 78.7 

j) Use performance-based assessment in 
science. 

33.3 50.0 50.0 35.7 29 43.3 72.7 78.9 61.1* 76.9* 44 72.1*** 

k) Use portfolios to assess student 
progress in science. 

6.7 0.0 22.2 21.4 8 11.9 36.4 31.6** 38.9 23.1** 20 32.8*** 

l) Encourage participation of females in 
science. 

93.3 95.0 83.3 78.6 59 88.1 81.8 94.7 88.9 100.0* 56 91.8 

m) Encourage participation of 
underrepresented minorities in science. 

73.3 70.0 72.2 71.4 48 71.6 81.8 89.5 88.9 100.0* 55 90.2*** 

 

1
Percent of participants who indicated “Very Well Prepared” or “Prepared but Want More.” Percentages are based on those with valid response to item.  

2
Statistically significant differences highlighted are between follow-up responses compared to their pre-treatment responses for participants who responded to both surveys. 

*Statistically significant difference with p-value < .10  
**Statistically significant difference with p-value < .05 

***Statistically significant difference with p-value < .01 
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Appendix 11 
Science Modeling Instruction in Central Ohio 

Weekly Classroom Activities in IRC Pre-Survey and Post-Survey 1 

 

 2017 Pre-Survey 2018 Post-Survey
2
 

 
PHYS CHEM BIO YR2 

TOTAL 
N=67 PHYS CHEM BIO YR2 

TOTAL
 

N=62
 

 N=15 N=20 N=18 N=14 N % N=12 N=19 N=18 N=13 N % 

a) Listen and take notes during 
presentation by teacher 

64.3 95.0 55.6 57.1 46 69.7 30.0 57.9** 38.9 23.1 24 40.0*** 

b) Watch the teacher demonstrate a 
scientific principle 

57.1 65.0 44.4 35.7 34 51.5 20.0 52.6 44.4 30.8 24 40.0 

c) Work in pairs/teams/small groups 92.9 90.0 100.0 92.9 62 93.9 100.0 100.0 100.0 100.0 60 100.0 

d) Read a science textbook 21.4 25.0 38.9 7.1 16 24.2 20.0 5.3* 5.6* 7.7 5 8.3**
 

e) Participate in dialogue with the 
teacher to develop an idea 

78.6 70.0 72.2 78.6 49 74.2 100.0 84.2 83.3 84.6 52 86.7 

f) Make conjectures and explore 
possible methods to solve a 
scientific problem 

57.1 30.0 50.0 78.6 34 51.5 80.0 52.6 66.7 76.9 40 66.7** 

g) Do hands-on/manipulative 
activities 

78.6 85.0 61.1 92.9 52 78.8 90.0 84.2 94.4** 92.3 54 90.0 

h) Write their reasoning about how to 
solve a scientific problem 

28.6 30.0 27.8 71.4 25 37.9 66.7 63.2 77.8** 100.0 45 76.3*** 

i) Learn by inquiry 42.9 25.0 44.4 71.4 29 43.9 90.0* 57.9 61.1 84.6 42 70.0*** 

j) Use worksheets from textbooks 35.7 35.0 38.9 7.1 20 30.3 44.4 15.8 33.3 0.0 13 22.0 

k) Use teacher-created lessons 85.7 90.0 77.8 92.9 57 86.4 90.0 78.9 88.9 76.9 50 83.3 

l) Engage in reflective 
thinking/writing about what they 
are learning  

21.4 25.0 22.2 57.1 20 30.3 50.0 36.8 27.8 69.2 26 43.3 

m) Use science equipment (e.g., 
measurement tools and graphing 
calculators) 

64.3 75.0 50.0 85.7 45 68.2 80.0 78.9 44.4 92.3 43 71.7 

 

1
Self-report by teacher indicating that activity occurred “Once or twice a week” or “Almost daily.” There was no missing data for this set of items. 

2
Statistically significant differences highlighted are between follow-up responses compared to their pre-treatment responses for participants who responded to both surveys. 

*Statistically significant difference with p-value < .10  
**Statistically significant difference with p-value < .05 
***Statistically significant difference with p-value < .01 
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Appendix 12 
Science Modeling Instruction in Central Ohio 

Participation in Modeling and Science Listservs1 
— IRC Pre-Survey and Post-Survey— 

 

  National Listservs Other Listservs 

 
 

Modeling 
Science in 

General Modeling 
Science in 

General 

 IRC Pre-Survey     

TOTAL 
(N=67) 

At least once a week 21.9 4.6 18.8 3.1 

Approximately once every two weeks 6.3 13.8 3.1 10.9 

At least once a month 4.7 12.3 1.6 7.8 

Less often than monthly 4.7 13.8 7.8 9.4 

Never 62.5 55.4 68.8 68.8 

YR2 
 (N=14) 

 

At least once a week 64.3 0.0 57.1 0.0 

Approximately once every two weeks 7.1 28.6 7.1 15.4 

At least once a month 0.0 28.6 0.0 23.1 

Less often than monthly 14.3 14.3 7.1 15.4 

Never 14.3 28.6 28.6 46.2 

 IRC Post-Survey2 
    

TOTAL 
(N=62) 

At least once a week 32.8 17.9 20.3 5.4 

Approximately once every two weeks 13.1 10.7 10.2 16.1 

At least once a month 3.3 3.6 3.4 5.4 

Less often than monthly 19.7 16.1 23.7 21.4 

Never 31.1*** 51.8 42.4** 51.8** 

YR2 
 (N=13) 

 

At least once a week 69.2 27.3 45.5 8.3 

Approximately once every two weeks 0.0 9.1 0.0 25.0 

At least once a month 0.0 9.1 0.0 0.0 

Less often than monthly 15.4 18.2 27.3 41.7 

Never 15.4 36.4 27.3 25.0 

 
1
Percentages are based on those with valid response to item.  

2
Statistically significant differences highlighted are between follow-up responses compared to their pre-treatment responses for 

participants who responded to both surveys based on Chi-square test on any activity versus none. 

**Statistically significant difference with p-value < .05.  
***Statistically significant difference with p-value < .01. 
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Appendix 13 
Science Modeling Instruction in Central Ohio 

Workshops Increased Teacher Understanding1 

 

 2017 End-of-Workshop Survey  2018 Post-Survey
2
 

 
PHYS CHEM BIO YR2 

TOTAL 
N=67 PHYS CHEM BIO YR2 

TOTAL
 

N=62
 

 N=15 N=20 N=18 N=14 N % N=12 N=19 N=18 N=13 N % 

a) Effective applications of inquiry-
based instruction in classrooms. 

100.0 100.0 100.0 100.0 67 100.0 100.0 84.2 100.0 100.0 59 95.2 

b) Strategies that can be used to 
improve students’ science 
performance.  

100.0 100.0 100.0 100.0 67 100.0 100.0 94.7 100.0 100.0 61 98.4 

c) Application of Ohio’s science 
standards. 

61.5 70.6 94.4 92.9 50 80.6 40.0 41.2** 72.2 75.0 33 57.9*** 

d) The technology required for 
effective instruction in science. 

93.3 84.2 94.4 100.0 61 92.4 75.0 42.1** 72.2 91.7 41 67.2*** 

e) Effective uses of alternative 
assessment. 

86.7 55.6 82.4 100.0 51 79.7 83.3 83.3 72.2 100.0 51 83.6 

f) Strategies for facilitating change in 
science instruction in my building. 

80.0 90.0 88.9 92.9 59 88.1 83.3 83.3 72.2 91.7 49 81.7 

g) Awareness of current research in 
science education. 

93.3 89.5 94.4 100.0 62 93.9 91.7 63.2 100.0 91.7 52 85.2 

h) Ability to utilize current research in 
science education in my classes. 

80.0 89.5 94.4 100.0 60 90.9 83.3 57.9* 88.9 76.9* 47 75.8* 

i) Effective instructional practices in 
the covered discipline area 
(physics, chemistry, or biology). 

100.0 100.0 100.0 100.0 67 100.0 100.0 94.7 94.4 100.0 60 96.8 

j) Application of modeling in my 
classes. 

100.0 100.0 100.0 100.0 66 100.0 83.3 100.0 94.4 100.0 59 95.2 

 

1
Percent of participants who indicated that they "Strongly Agree" or "Agree" with each statement. Percentages are based on those with valid response to item.  

2
Statistically significant differences highlighted are between post responses compared to their end-of-workshop responses for participants who responded to both surveys. 

3
Significant change was at the other end of the spectrum: More teachers disagreed with this item. 

*Statistically significant difference with p-value < .10.  

**Statistically significant difference with p-value < .05.  
***Statistically significant difference with p-value < .01. 
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Appendix 14 
Science Modeling Instruction in Central Ohio 

Post-Survey – Open-ended Responses 

  
Any comments about the Modelpalooza (the February 10th follow-up session) presentations 
and speakers? 

 

PHYS 

I thought it was great! In the Geogebra session 2, I was hoping to get a better understanding of how 
to use the resource in the classroom, rather than a how to build an interactive. I did come out with 
some ideas and an overall better understanding of Geogebra, just I would like to be better prepared 
on usage. 

Ian Sample (Modeling Materials Science) was really wonderful. He very expertly handled the gap of 
those who had and hadn't taken modeling before. He addressed us with reminders "Remember last 
week you ..." and walked through teachers through all possible ways to tweak his exercise and things 
he's had to trouble shoot. It was a great introductory activity to Stress & Strain. 

Two of the sessions I attended where presentations of units developed by modelers during their Year 
2 Workshop. An hour was not enough time for them to properly present their materials, which is why I 
felt the sessions were minimally effective. If they had been given 3  hours perhaps to present their 
materials I feel like they would have been more effective 

CHEM 

It was a fun day! I especially enjoyed the conversations with so many enthusiastic teachers. 

Presenters were organized and well prepared.  Information presented was well thought out and 
helpful.  Handouts were available and links were given to find more material on the internet. 

Well organized and great to see other Modelers from previous years! 

BIO 
It was a great day of learning.  Would love to see more math modeling ideas in the future.  Thanks for 
a great day!! 

It was rough not having Matthew and Jessie there.     Maybe the first speaker could have had been a 
little more about modeling and a little less about physics? 

YR2 

Casey's talk was very helpful and I will use what he presented as a guide for developing or modifying 
my current techniques. 

Great sessions - made the drive worthwhile. Hope Modelpalooza can continue despite the funding 
scarcity. 

Would like to hear from other successful modelers from around the country. Looking for e-m 
materials and more 2nd semester concepts - modern physics 
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Appendix 14 
Science Modeling Instruction in Central Ohio 

Post-Survey – Open-ended Responses 
—Continued— 

 
What kind of changes, if any, did you make in how you teach your science classes as a result 
of your Modeling Workshop experience this year?  

 

PHYS 
I am completely following the modeling curriculum for Physics this year. 

I do less vocabulary and very little front loading of information. I have students explore and draw 
conclusions, graph and organize data more often and give less organized labs, but make them 
interpret and organize data. We share out every lab as a group and make conclusions instead of 
going over lab worksheets. I have enjoyed whiteboarding more and the questions students ask from 
it. They feel more challenged and engaged. 

I do the paradigm lab at the start of each unit and have some lessons be modeling/inquiry-based. 
Unfortunately I cannot do full modeling thanks to my horrific attendance rate (currently hovering 
around 50%).  -I teach fewer concepts but delve more deeply into each. 

I have completely changed the way I teach using the Modeling Curriculum this year. Students are 
doing much more hands on and experiential learning than the way I taught in the past. Learning is 
much more focused on understanding the Physics behind how the equations were developed and 
less about using them. I feel like students are getting a much better understanding of the concepts of 
physics, which ends up making the problem solving easier. Students are discussing and writing about 
the material much more, and I am constantly trying to assess how students knew the answer rather 
than just being satisfied that they got the right answer. I am also learning how to get students to 
discuss their thinking so I can get a better understanding of their misconceptions. I am learning how 
to help students see the inconsistencies in their understanding and helping each other fix 
misconceptions. 

I taught modeling Physics which I hadn't before. The inquiry mindset helped me set up for my 
Chemistry class. 

More student centered 

This is my first year teaching, and almost everyday I do modeling! I think as time goes on I will 
continue to improve my engagement and inquiry teaching skills. Overall I think the students did ok 
and I'm excited to see how it improves! 

Typical progression was; lecture, notes on PowerPoint, math skills, lab (very little use of graphs) 
Progression now is; research (lab work), analysis of results (whiteboards), determination of 
mathematical relationship (y=mx+b), correlation to scientific formula (vf=at+vi), math skills, 
deployment lab. (heavy use of graphs) 
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Appendix 14 
Science Modeling Instruction in Central Ohio 

Post-Survey – Open-ended Responses 
—Continued— 

 
What kind of changes, if any, did you make in how you teach your science classes as a result 
of your Modeling Workshop experience this year? (Continued) 

 

CHEM 

A lot more student inquiry. 

Attempting to use most of the modeling curriculum that was presented at the workshop.  Using 
whiteboards much more often.  Have had significantly less time for students to practice skills learned/ 
review. 

Boarding ideas/topics Teaching Chemistry by when discovered.  Different testing methods 

Completely changed. I rarely lecture now, I always do labs first before any sort of explanation, and I 
always allow students to whiteboard to try to explain their observations in lab. 

I am doing white boarding, more classroom discussions, more diagrams of interactions at the 
molecular level, & more inquiry activities.  I am stressing more basic concepts and pushing the 
students to apply them as they progress through the material. 

I changed everything.  For years I have been a science teacher, but I didn't know how to actually 
teach science until I attended the Modeling workshop.  My role in the classroom used to be the 
keeper of all knowledge, dispensing interesting facts and asking students to memorize and 
regurgitate them.  Now my classroom is a space for discovery, learning from failures, explaining 
growth, etc. 

I have switched my teaching completely to Modeling. 

I have used white boards more often to enhance class discussion.  I have had students complete 
labs at the beginning of the unit more frequently than I did in the past. 

I use the whiteboards a lot at the beginning of a unit to assess what prior knowledge my students 
have and listen to their explanations (and I use them as a review over concepts).  Students know 
what "modeling" refers to now. They understand that they need to draw their interpretation of an 
answer to a question or concept and be able to explain their model to the class. They understand that 
they cannot always defer to a mathematical answer.    Students are more patient when I say “but 
why" or "what if" rather than just giving up because of frustration or impatience. 

I use white boards in randomly assigned groups in all my subjects.    I have a longer wait-time when I 
ask questions.  Students do more explaining in front of the class. 

More whiteboarding sessions and increased questioning. 

Students work in groups and have to explain their answers/reasons 

Taking my time to work with students to make sure they understand the concepts without worrying 
that I'm super behind my colleagues. 
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Appendix 14 
Science Modeling Instruction in Central Ohio 

Post-Survey – Open-ended Responses 
—Continued— 

 
What kind of changes, if any, did you make in how you teach your science classes as a result 
of your Modeling Workshop experience this year? (Continued) 

 

BIO 

Eliminated worksheets and textbook based assignments.  Little to no direct instruction. 

I change the layout of my room from desks in the middle and lab tables on the outside, to lab tables 
in the middle and a few desks on the outside. Students work almost exclusively in groups whereas 
before students worked alone or with a partner. I question students to elicit ideas from observations 
they have made to help them learn a scientific principle. 

I changed almost everything about the way I teach. 

I do a lot more white boarding.  I now use it to see previous knowledge, check for current 
understanding and have students share the results of their labs/activities/discussions. 

I have gone more i depth with biology modeling since i have done it for two years but I have not had 
the formal class which was beneficial. 

I have implemented the biology modeling materials. 

I started the school year in December 2017, so I missed the beginning due to military duty.  I began 
implementing the concepts about 2nd semester, but really did not have the freedom until after 
testing.  It is difficult for a class of students with disabilities to talk and not always expect their answer 
has to be just like their neighbors. I'm slowing changing their minds. 

I switched an entire class to total inquiry based education.  It's hard to sit back and let the students 
take the reigns, but students seem to enjoy it.    In other classes, I've integrated modeling techniques 
sporadically and plan to integrate more next year. 

I taught Biology for the first year, so I used the Biology Modeling materials as presented in the 
summer workshop. 

More prepared to use the Modeling Cycle in my classroom to assist in student learning by inquiry and 
discovery. 

My co-teacher and I both attended the modeling workshop last summer and we have made many 
changes. Whether a worksheet or an actual lesson we learned at the workshop, we try to turn it into a 
group/class discussion. Our approach has been a 180 from when we worked together two years ago. 
Enjoying the year and students so much more. 

Order of material taught, whiteboarding introduced 

Still working on a way to make modeling work for Pickerington. Trying new activities from the binder. 

Use more inquiry, small group whiteboarding, 

White boarding, student led constructive format, pretty much changed everything. 

White Boards! Understanding the importance of student concept and how it can be changed through 
modeling. 
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Appendix 14 
Science Modeling Instruction in Central Ohio 

Post-Survey – Open-ended Responses 
—Continued— 

 
What kind of changes, if any, did you make in how you teach your science classes as a result 
of your Modeling Workshop experience this year? (Continued) 

 

YR2 

After attending the Year 2 Workshop, I have been rewriting and rearranging Modeling materials to 
better fit my students' needs. I have also included many different assessment types and alternative 
questions. 

I am implementing some of the activities presented in the break-out sessions. 

I am using the lessons from rotational since I teach primarily AP and CCP 

I changed many assessment questions to more open-ended, show-what-you-know prompts. I have 
also used ranking questions. 

I implemented my unit within the physical science class that I teach, as well as implementing some of 
the alternative assessment style problems. I've also changed to a more structured learning cycle for 
my classes, and focused my units on big ideas/models rather than units that stand alone. I also plan 
on using some of the materials that were created in some of the chemistry units that my peers 
created once I get to that part of my curriculum. 

I stopped lecturing as much and tried to turn my units into inquiry based units. 

I will be using different whiteboarding techniques. 

Last year I completely revamped my physics course. This year I'm trying to include more 
collaboration and whiteboarding in chemistry (though not doing true modeling in chem yet). 

My ability to create my own modeling materials has improved. 
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Appendix 14 
Science Modeling Instruction in Central Ohio 

Post-Survey – Open-ended Responses 
—Continued— 

 
Are there any modifications that you would recommend be made to the follow-up sessions?  

 

PHYS 
All sessions sometimes have so much information it is hard to retain. I don't know how to fix this. 

I love them! I would be happy if there were even more! 

The follow-up topics were too upper-level and thus only applicable/beneficial to people who teach 
physics proper. I would've liked to see more time to discuss how things have been going in our 
classes and troubleshoot our particular issues. The only benefits I got from the follow-ups were from 
talking to others, not from any of the scheduled activities. 

CHEM 

Knowing the topic of discussion prior to the actual day would be helpful. 

Less socializing and follow a direct agenda.  Maybe even have the agenda sent prior to the meetings.  
More activities that we can take back to our school. 

My schedule during the year is awful.  I am also a committed coach.  I just wish I didn't have to 
consider traveling to Arizona to have a similar experience.  I would pay money to return to Ohio State 
for follow up education during the summer. 

BIO 

A long-distance option would be great. (difficult, I know) I tried skyping/calling in but it was difficult to 
follow along. 

Follow-up sessions as designed seemed to be helpful.  I enjoyed doing the Skype sessions with 
Jessie.  I just wish more teachers would have participated so more sharing of experiences could 
have taken place. 

I would like to see more time spent on units not covered in the summer.  The gaps between what we 
learned, and what we expected to fill in was quite large. 

Just frequent updates to the on line materials and commentary on what works and what has 
challenges. 

Making sure all of the sessions have the audience actively participate in the activity(s) b/c then it 
makes much more sense. 

More Biology in the Modelpalooza 

More Ohio standards based content 

No. I missed all of follow-ups. I did participate in the Palooza. 

YR2 

I like maybe a fall and spring. Very beneficial 

I'd like Columbus to be closer to home.  

More sessions in total with less concurrent sessions - it was hard to choose which sessions to attend 
and I felt that I was missing out by not going to more! 
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Appendix 14 
Science Modeling Instruction in Central Ohio 

Post-Survey – Open-ended Responses 
—Continued— 

 
What kinds of activities or other support would help you continue your Modeling 
development? Please specify whether these should occur during the school year or in 
subsequent summers. 

 

PHYS 
I really want to learn more about how to develop curriculum and write my own materials. I was very 
disappointed to learn that the 2nd year course would not be offered this summer and I am hoping it 
will be brought back for the following year.    If there is information that I could read to help me get 
started in understanding the curriculum development process better, I would love to be able to start 
studying it. 

I'd love more practice during the summer 

More help with Logger Pro. I still feel like I need support on some of the activities, it was a lot of 
information in 3 weeks to retain it all. 

Our little Physics Modeling group has a Facebook group where we chat about issues and provide 
support. It has been lovely to meet up in person to have the same kind of chat and work together. We 
could go over activities we've already done and walk through the scenarios we've witnessed. 
Summer would be easier but whenever. 

Since funding is going away for the workshops, perhaps a more extensive Modelpalooza, Such as 3-
4 days in the summer, when lessons can be presented in a 3-4 hour time block. 

Support for low-tech versions of these activities. During the summer this was either ignored or 
mentioned briefly with little discussion of the details, and when we did the activities in "class" we did 
them assuming full technology access. I would've liked to go through some activities the low-tech 
way to see how students would deal with that and what problems were likely to pop up.   In general, I 
would have loved to have much time during the sessions for us to think about/talk about what this 
would look like in our classrooms and bounce ideas off of each other.  -More discussion of how to 
integrate modeling ideas into non-physics courses (this would probably go best the next summer). 

Videos of demonstrations performed in the workshops so we can reference them as we teach the 
following school year. 

CHEM 

Colleagues that aren't hell-bent on covering every single state standard while trying to use modeling 
at the same time. 

I would love to be able to attend a second year modeling workshop in the summer and develop a 
unit.  I would attend other follow up events (on Saturdays) if they were offered.  I will definitely attend 
Modelpalooza in the future to keep up with other modelers and get new ideas and information. 

It would be nice to receive an email maybe every other month to ask how we are doing, if we have 
any questions. When school begins it is a busy, we are juggling teaching, meetings, after school 
events and home life. Many times we have questions about modeling but then have to choose 
whether to contact a modeling coach (look for the contact information) or do prep work for the next 
day (the later usually wins). If we had an email sent regularly we could respond quickly with any 
questions we may have. 

Many resources could be rewritten with better directions and better format for use digitally. 

More Ohio State modeling workshops.  As a department chair in science, I want to attend all of them.  
I want to be able to help my teachers develop an inquiry-based curriculum. 

More time together to share what worked and what did not work. 

PowerPoints to supplement concepts 
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Appendix 14 
Science Modeling Instruction in Central Ohio 

Post-Survey – Open-ended Responses 
—Continued— 

 
What kinds of activities or other support would help you continue your Modeling 
development? Please specify whether these should occur during the school year or in 
subsequent summers. (Continued) 

 

BIO 

Aligning the curriculum to Ohio Biology standards. 

Alternative assessment activities already created as an option. 

Develop some of the coursework to go along with Ohio Science Standards and perhaps have some 
one help us understand them better b/c they are not written in an effective way for us to clearly 
understand what the States goals are.  They are not written in the usual format that you see 
standards written and it is always a challenge trying to figure out what the learning outcome should 
be for the high school material.  The K-8 seems to be developed professionally. 

I sometimes have questions about the activities and how to get the students to get to the concepts. It 
was a lot easier in the modeling workshop when the teacher knew the answer. 

I think having a session just about designing questions and how to implement the questioning would 
be helpful.  I also suggest the Skyping throughout the year.  Many of these activities would be best 
during the summer in my opinion. 

I think having regular meetings by subject would be helpful.  Maybe every 3-4 months. 

I think in subsequent summers, for me, I would like to see all of the lessons modeled. This would help 
me gain more confidence in what to do. We have tried to create our own lessons in the content area 
but don't feel they are as effective as the ones we got to participate in. Being able to see additional/ 
different areas would be beneficial before moving on to the second workshop in creating a lesson. 

I would like to see content for affixed to Ohio content standards in order to be more aligned. 

I would love to take another summer workshop!     The follow-up virtual meetings were a great idea, 
but seem to have fizzled out. The ones I participated in were incredibly helpful! 

I'd love to share ideas with local colleagues. 

In-person meetings to discuss the Biology curriculum and how to make sure all the Ohio Biology 
standards are covered. 

Level 2 workshops are a great opportunity to dive deeper into modeling 

Year 2 of modeling in Ohio. 

YR2 

Additional Modelpalooza-type professional developments 

Continued workshops/weekend meetings to share ideas and keep the learning going! 

I love modeling, but with the courses I teach, I have to “cover” a required amount of material and 
some units take a great deal of time (which I understand) but my reality is that I’m required to cover 
more. I teach 2nd semester physics and need more on SHM, E-M, and optics modeling practice. 

I would continue to take summer workshops in other areas (chemistry, biology) if/when they are 
offered (as long as my life circumstances allow it, which they currently do not unfortunately). 

I would like more informal meetings among local Modeling teachers. I think there are several 
Modeling teachers in different communities around the state and it would be really great to get 
together for happy hour or other informal settings to keep in touch and discuss what we find works in 
our classes and what we struggle with. 

Making an in city/area network of teachers who have participated in a modeling class. 

Questioning techniques. I feel I've gotten worse at those skills rather than better. How do we draw out 
the students’ thought processes without making them feel like they're being lambasted by the 
Spanish Inquisition? 

 


