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Introduction 
 
Modeling Instruction for Physical Science and Chemistry in Ohio, developed and implemented 
by faculty at the Ohio State University (OSU), is designed to demonstrate techniques and 
strategies that high school physics, physical science, and chemistry teachers can utilize in their 
classrooms that will result in more inquiry-based learning experiences for their students. The 
2015-2016 implementation marks the 11th year of funding by an Ohio Board of Regents (OBR) 
Improving Teacher Quality Grant. Four modeling programs were offered during the three-week 
period from June 9-26, 2015. They included two Year 1 course offerings and an advanced Year 
2 experience. These three courses have been offered consecutively since 2007-08.  
 
The abbreviations below will be used throughout this report to denote the respective workshops:  
 

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

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

2009-10, 2010-11, 2011-12, 2012-13, 2013-14, and 2014-15).  
 
� ADV = Year 2 – Advanced Workshop (previously taught in 2005-06, 2007-08, 2009-

10, 2010-11, 2011-12, 2012-13, 2013-14, and 2014-15). This 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 
so they are consistent with their efforts to use modeling and inquiry-based 
instruction.  

 
New this year is a one-week course focused on integrating engineering (ENG) that was 
designed for former participants who had completed both a first year and ADV workshops. 
 
Instructional Team 
 
Dr. Kathleen A. Harper is the Project Director. Dr. Harper has been one of the co-Principal 
Investigators since the program was first funded 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 on the following page. Additional members of the university instructional 
team included Dr. Lin Ding, an Assistant Professor in Education; Dr. Rebecca Ricciardo who 
contributed to the CHEM programming; and an undergraduate student, Richie Tran, who 
provided administrative support. As in previous years, experienced high school teachers who 
had previously completed the Modeling Workshops were the primary workshop instructors. 
During the 2015-16 implementation, six teachers from five different Ohio districts and a private 
school are serving as the Teacher-Instructors. In addition, the Project Director received a 
request from the American Modeling Teachers Association (AMTA) that led her to invite two 
outstanding former participants to join as interns in chemistry (basically Teacher-Instructors in 
training), who can help fill the growing demand for qualified modeling instructors. 
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Table 1: Instructional Team by OSU Position/District and Modeling Responsibilities  
 

OSU Position University Staff Modeling Responsibilities 
Senior Lecturer in Engineering 
Education Innovation Center 
(name was recently changed to 
Department of Engineering 
Education) 

Dr. Kathy Harper Administrator/ADV & PHYS Contributor/ 
ENG Instructor 

Assistant Professor in Chemistry Dr. Ted Clark Administrator/ADV & CHEM Contributor 
Assistant Professor in Education Dr. Lin Ding Educational Consultant 
Instructional Lab Supervisor in 
Chemistry Dr. Rebecca Ricciardo CHEM Contributor 

Undergraduate Student Richie Tran Support and logistics 
District Teacher-Instructors Modeling Responsibilities 

Avon Lake HS, retired Liz Emmer CHEM Instructor 
Amherst Steele HS Chas Deremer PHYS instructor 
Dublin Coffman HS Heidi Kresge ADV Instructor 
Laurel School Brian Carpenter PHYS Instructor 
Columbus Torah Academy Matthew Kennedy CHEM Intern 
New Albany HS Jessica Whitehead Support and logistics 
Ontario HS Rick Jacox ADV Instructor  
Southwest Career Academy Marie Wenzke CHEM Intern 
Worthington Kilbourne HS Tom Wisard  CHEM Instructor 
 
The host school this year was again New Albany High School. Located northeast of Columbus, 
this location offers good facilities and exceptional support. The host location was facilitated 
through a project stipend to New Albany teacher, Jessica Whitehead, who assisted with 
workshop logistics. The use of Teacher-Instructors, who were physics/chemistry teachers that 
had attended previous workshops, helped to ensure deep awareness of participants’ needs. 
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Participants and Evaluation Activities 
 

Institutional Research Consultants, Ltd. (IRC), the external evaluator, with input from the Project 
Director, developed and added a set of questions to the OBR Pre-Survey covering teachers’ 
demographics and opinions about science teaching and instructional practices. We also 
designed a survey that captures feedback about the summer experience at its conclusion. We 
have made only minor changes in these surveys each project year since the first modeling 
workshop was funded in 2004. This year, we added a set of questions from the national 
modeling workshops that focused on comfort with teaching science content and incorporating 
engineering principles. The instructional team administered the OBR Pre-Survey at the 
beginning of the summer session and the End-of-Workshop Survey on the last day. All 53 
participants who attended the three-week summer course completed both surveys (Table 2). 
They administered a paper version of the Post-Survey at the final session on February 27, 
2016, and then through early May the PI invited non-attendees to respond to an online version 
that the evaluator managed. The response rate for the Post-Survey was 87 percent. 
 

Table 2: Survey Response Rates by Workshop 
 

Workshop 
Total in 

Program  

OBR/IRC  
Pre-Survey End-of-Workshop 

OBR/IRC  
Post-Survey 

Surveys Return Rate Surveys Return Rate Surveys Return Rate 
PHYS 16 16 100.0 16 100.0 12 75.0 

CHEM 13 13 100.0 13 100.0 13 100.0 

ADV 13 13 100.0 13 100.0 11 84.6 

ENG 11 11 100.0 11 100.0 10 90.9 

TOTAL 53 53 100.0 53 100.0 46 86.8 
 
The Pre-Survey and End-of-Workshop Survey results were covered extensively in an interim 
evaluation report submitted to Dr. Harper on December 2, 2015. Parts of that report are updated 
here. The focus in this document is on participants’ opinions about and use of modeling toward 
the end of the project year, including analysis and discuss of the differences between their pre- 
and Post-Survey responses. The evaluator also invited the instructional team to have input into 
this report. Eleven of this group completed an online survey. In addition, Dr. Upton interviewed 
Dr. Harper, while Dr. Clark submitted a written response to the interview questions. Both offered 
additional verification of the impacts on the teachers. 
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Participant Description 
 
Current Position, Reasons for Choosing the Program, and Credit Received 

       
The majority of participants (91%) were regular teachers (Table 3 and Appendix 1). The five 
with an “other” status included two graduate students, two science education consultants not 
currently working as teachers (one of whom also responded to the Post-Survey), and a new 
graduate searching for a teaching job. Most taking part taught high school (93%), two were 
middle school teachers (4%), and the two science educators specified “other” in response to the 
grades taught question. Ninety-four percent taught only science, two (4%) taught math and 
science, while one in the ENG workshop was a science teacher who was being switched to 
social studies in the upcoming year. 

 
Table 3: Current Position in Pre-Survey and Post-Survey 

 

 Pre-Survey 
N=53 

Post-Survey 
N=46 

 N % N % 
Teacher 48 90.6 45 97.8 
Other  5 9.4 1 2.2 

 
Participants’ reasons for attending one of the workshops are presented in Table 4. More than 
three quarters (79%) chose to take part based on their own initiative. Interestingly, 91 percent of 
ENG teachers applied to attend of their own volition and only one in the ENG group attended 
due to encouragement from the project director. Overall, almost half (49%) received 
encouragement to attend from a former participant, which was especially true for CHEM (77%) 
and PHYS (69%). This suggests the strong influence of word-of-mouth advertising for the 
program. None of the represented school districts required participation. School district 
incentives were also not a factor except for one PHYS teacher. 
 

Table 4: OBR Pre-Survey – Reasons for Choosing Program1 
 

 
2015 Pre-Survey 

PHYS CHEM ADV ENG 
TOTAL 

N=53 
 N=16 N=13 N=13 N=11 N % 
a. Applied on my own initiative 75.0 61.5 92.3 90.9 42 79.2 
b. Participation was required by the 

school district 0.0 0.0 0.0 0.0 0 0.0 

c. School district provided incentives to 
participate 6.3 0.0 0.0 0.0 1 1.9 

d. Encouraged to participate by the 
project director 12.5 0.0 15.4 9.1 5 9.4 

e. School staff agreed that the program 
was needed 6.3 15.4 7.7 0.0 4 7.5 

f. Encouraged to attend by a former 
participant 68.8 76.9 38.5 0.0 26 49.1 

g. Other reason  0.0 0.0 0.0 0.0 0 0.0 
 

1Total can add to more than 100 percent, as respondent could give more than one response.  
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Ninety-one percent indicated that they are receiving graduate credit (Table 5). Overall, more 
participants expected to receive credit toward a salary increase this year (30% compared to 7% 
in last year’s cohort). A quarter of the respondents were receiving credit toward continuing 
education (25%) and a little over one fifth (21%) expected credit toward recertification/licensure. 
Five individuals (9%) indicated that they would not receive any type of credit for their 
attendance. 
 

Table 5: OBR Pre-Survey – Types of Credit Participant Will Receive1 
 

 
2015 Pre-Survey 

PHYS CHEM ADV ENG 
TOTAL 

N=53 
 N=16 N=13 N=13 N=11 N % 
a. Graduate credit 81.3 100.0 92.3 90.9 48 90.6 

b. Undergraduate credit 0.0 0.0 0.0 0.0 0 0.0 

c. Credit toward salary increase 31.3 30.8 38.5 18.2 16 30.2 

d. Credit toward continuing education 12.5 46.2 23.1 18.2 13 24.5 

e. Credit toward certification/licensure 25.0 15.4 30.8 9.1 11 20.8 

f. No credit given 18.8 0.0 7.7 9.1 5 9.4 

g. Other  0.0 0.0 0.0 0.0 0 0.0 
 
1Total can add to more than 100 percent, as respondent could give more than one response.  

 
Background of Participants 
 
Teachers’ demographics are presented in Appendix 1. Unlike last year’s cohort when the 
gender distribution skewed toward mostly women (female=64%), this year’s cohort was a bit 
more evenly balanced (female=55%; male=45%).  Interestingly CHEM 1 was 62 percent male 
and the only group that was not all white (N=1 Asian-Pacific Islander). ADV and PHYS were 
predominantly female (62% and 69%, respectively) while the gender distribution of ENG was 
more even (female=46%; male=55%).  
 
This year’s cohort continues the trend of attracting newer teachers as 68 percent were under 
age 40, with more than a third (38%) under age 30, suggesting that the project continues to 
appeal to teachers with less experience in the field. The youngest participants were especially 
prevalent in CHEM and PHYS (54% and 50% respectively were under 30). ADV was also 
relatively young with 31 percent under 30 years old. Of the remaining age categories, those 
aged 51-60 years old comprised the largest group (19%), followed by 41-50 year-olds (11%). 
Only one participant was over 60 years (2%).  
 
More than three quarters of the participants (77%) had master’s degrees, 19 percent reported a 
bachelor’s as their highest degree received, and two (4%, both in PHYS) had doctorates. The 
most frequently mentioned degree areas were Science Education (76%), Chemistry or 
Biochemistry (38%), Physics/Physical Science (30%), and Biology or Life Science (19%). Seven 
held degrees in Engineering and Earth Science/Geology respectively (13% in each field); two 
had earned degrees in Mathematics and Mathematics Education respectively (4% in each field). 
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Districts and Schools Represented   
 
More than three quarters (77%) taught in a public school district and a fifth (20%) taught in a 
community school, charter or nonpublic school. Participants represented 26 public school 
districts in Ohio (see Appendix 2). Columbus City Schools had the greatest number of teachers 
with five participants (9%). Of the five from in-state private schools, three (6%) hailed from the 
Diocese of Cleveland. Six participants were not currently teaching in K-12 schools (respectively, 
two each were science consultants, graduate students, and job seekers). Finally, three teachers 
(6%) from other states took part as a result of the AMTA’s close connection with the initiative 
and efforts to promote modeling nationwide. Local temporary housing was offered to the 
approximately 22 participants (42%) who were from locations more than an hour’s drive from 
the training site.  
 
Opinions about The Summer Workshops and Impacts 
 
Appendix 3 presents participants’ opinions about the workshops at the end of the sessions. High 
proportions (89 – 98%) of each group affirmed the following:1   
 

� The workshop was a successful professional development experience overall (98%) 
� The workshop would help them become more effective teachers (98%) 
� They would recommend the workshop to other teachers (98%) 
� Participants’ questions and concerns were addressed effectively (96%) 
� They gained skills in how to use inquiry in their classrooms (96%) 
� The workshop contributed positively to their attitudes about science (96%) 
� The workshop enhanced their confidence in teaching science (94%) 
� They increased their ability to see connections among science concepts (94%) 
� They feel better prepared to encourage science activities in their schools (94%) 
� Adequate time was provided for participants to reflect on the material (93%) 
� They gained skills in complex thinking and reasoning (93%) 
� They improved their content knowledge (91%) 
� Increased their ability to see connections between science and mathematics (89%) 

 
There was again substantial variation, as was the case with the prior year’s cohorts, in the 
response by workshop type on a few items. For example, 100 percent of the ENG participants 
felt prepared to provide professional development on the covered workshop-specific activities 
for teachers in their buildings, but only about three quarters of respondents in the other groups 
felt prepared to that extent (75% PHYS, and 77% for both CHEM and ADV). Almost three 
quarters overall (72%) felt they improved their understanding of how to apply the science 
standards, but the ADV group showed the most improvement on this metric (92%) followed by 
ENG (73%), with fewer PHYS (63%) and CHEM (62%) in agreement. While 91 to 100 percent 
of PHYS, ENG, and ADV participants indicated that the workshop increased their ability to see 
connections between science and mathematics, only 69 percent of CHEM participants agreed 
that their ability to see such connections increased.  
 

 
 

  

                                                
1 The overall average for each item is presented in parentheses. 



 
Ohio Modeling Workshops                                                                      IRC Annual Evaluation Report: 2015-2016   7 

Table 6 and Appendix 4 cover additional areas of science instruction that the workshops were 
designed to strengthen in terms of participants’ understanding. All participants (100%) said they 
increased their understanding of effective applications of inquiry-based instruction and 
strategies they can use to improve students’ science performance. All ADV teachers (100%) 
and more than 90 percent of PHYS and ENG teachers agreed that their ability to utilize current 
research in science education in their classes and their awareness of current research in 
science education had increased. The CHEM group agreed with these two statements, but to a 
lesser extent (85% and 77% respectively). Overall, most participants increased their 
understanding of strategies for facilitating change in science instruction (90%) and the 
technology required for effective science instruction (89%).  
 

Table 6: Increased Understanding from the Workshops1 

—Questions Ordered by High to Low Total Response— 
 

 

2015 End-of-Workshop 

PHYS CHEM ADV ENG 

TOTAL 
N=53 

  

 N=16 N=13 N=13 N=11 N % 
Effective applications of inquiry-based 
instruction in classrooms. 100.0 100.0 100.0 100.0 53 100.0 

Strategies that can be used to improve 
students’ science performance.  100.0 100.0 100.0 100.0 53 100.0 

Ability to utilize current research in 
science education in my classes. 93.8 84.6 100.0 90.9 49 92.5 

Awareness of current research in science 
education. 93.8 76.9 100.0 90.9 48 90.6 

Strategies for facilitating change in 
science instruction in my building. 93.8 84.6 91.7 90.9 47 90.4 

The technology required for effective 
instruction in science. 87.5 92.3 92.3 81.8 47 88.7 

Effective uses of alternative assessment. 68.8 92.3 100.0 100.0 47 88.7 

Application of Ohio’s science standards. 53.8 75.0 100.0 72.7 36 75.0 
 

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

 

One hundred percent of ADV and ENG increased their understanding of effective uses of 
alternative assessment, followed by 92 percent of the CHEM group, but fewer in PHYS 
confirmed an impact in this area (69%). The extent to which the groups increased their 
understanding of how to apply Ohio’s science standards applications varied widely with all ADV 
participants (100%) agreeing that they had, followed by 75 percent of CHEM, just under three 
quarters of ENG (73%), and a little more than half of PHYS (54%).  
 
Comparing respective group responses to this statement with last year’s results on improved 
understanding of how to apply Ohio’s science standards reveals the same level of agreement 
for ADV (100%) and CHEM (75%), but a decrease in PHYS (from 75% last year to 54% this 
year). Nevertheless, these scores reflect an increase over 2013 when only 33 percent of PHYS 
and 65 percent of CHEM agreed that their understanding of how to apply Ohio’s science 
standards had increased. 
  



 
Ohio Modeling Workshops                                                                      IRC Annual Evaluation Report: 2015-2016   8 

Respondents were asked to rate the value of specific workshop activities (Table 7 below and 
Appendix 5). Everyone in all the groups (100%) confirmed the worth of effective applications of 
inquiry-based instruction in classrooms and strategies used to improve students’ science 
performance. Overall, respondents agreed on the value of the workshops on strategies for 
facilitating change in science instruction (90%) and the technology required for effective science 
instruction (89%). All ADV participants and more than three quarters (77% - 94%) of participants 
in the other groups valued the activities that focused on awareness of current research in 
science education and how to utilize current research in science education in their classes.  
 
ENG and ADV unanimously agreed, and most of CHEM (92%) concurred that the workshop 
coverage of effective uses of alternative assessment was worthwhile; however, PHYS teachers 
(69%) were somewhat less enthusiastic about this aspect. Although all of ADV (100%) valued 
the activities centered on the application of Ohio’s science standards, the other groups gave 
lower ratings to this aspect (CHEM=75%; ENG=73%; and PHYS=54%).  
 

Table 7: Workshop Activities Rated Worthwhile1 

—Questions Ordered by High to Low Total Response— 
 

 
2015 End-of-Workshop 

PHYS CHEM ADV ENG 
TOTAL 

N=53 
 N=16 N=13 N=13 N=11 N % 
Effective applications of inquiry-based 
instruction in classrooms. 100.0 100.0 100.0 100.0 53 100.0 

Strategies that can be used to improve 
students’ science performance.  100.0 100.0 100.0 100.0 53 100.0 

Ability to utilize current research in 
science education in my classes. 93.8 84.6 100.0 90.9 49 92.5 

Awareness of current research in science 
education. 93.8 76.9 100.0 90.9 48 90.6 

Strategies for facilitating change in 
science instruction in my building. 93.8 84.6 91.7 90.9 47 90.4 

The technology required for effective 
instruction in science. 87.5 92.3 92.3 81.8 47 88.7 

Effective uses of alternative assessment. 68.8 92.3 100.0 100.0 47 88.7 

Application of Ohio’s science standards. 53.8 75.0 100.0 72.7 36 75.0 
 

1Percent of participants who indicated that the activity was "Very Worthwhile" or "Somewhat Worthwhile." Percentages 
are based on those with valid response to item.  

 
Most useful aspects of the workshops  
 
In response to the open-ended End-of-Workshop Survey question about aspects of the training the 
participants found most useful, teachers in the PHYS and CHEM groups gave generally similar 
answers. These are grouped into the areas and activities below (not in order of preference or 
frequency): 
 

x Great instructors (“explaining in ways I’ve never had it explained before) 
x Being in student mode (“participating both as a student and a teacher”) 
x Reading and reflecting/discussing science education research articles 
x Adaptability of content to low-cost activities 
x Integrating math with physics using graphs 
x Exchanging ideas with other teachers 
x Encouragement from other teachers 



 
Ohio Modeling Workshops                                                                      IRC Annual Evaluation Report: 2015-2016   9 

x Modeling instruction and curriculum 
x Practice doing modeling instruction 
x White boarding sessions with “experts” 
x Getting feedback on questioning skills 
x Labs and worksheets 
x Guided inquiry 

 
Teachers in the PHYS group expressed a sense of professional isolation and were especially gratified 
for opportunities to network with other physics teachers: 
 

The most helpful part of the workshop was interacting with other science 
teachers dedicated to improving science education in their classes. I work in a 
very small district, and the other two science teachers are older instructors who 
use a lecture format. During the school year, I feel like I’m on an island because 
they cannot offer any helpful advice…seeing experienced teachers use modeling 
and being able to ask them questions was invaluable to me. 
 
The workshop was extremely useful in connecting with other physics teachers in 
the area. I am the only physics teacher in my school (and really district), so this 
was an excellent opportunity to find additional professional resources. 
 
Interacting with other physics educators was a great experience and a wonderful 
academic and personal asset moving forward. 
 

PHYS and CHEM teachers found it valuable to see things from students’ point of view, as these two 
comments illustrate: 
 

I thought the student/teacher modes were extremely helpful in my own reflection 
of the material and how to present it to my own students.  –PHYS 
 
Going through the curriculum in student mode was tremendously helpful in that I 
was able to see how the instructor could approach things and how “students” 
would respond. The flip-flop of student and teacher modes was beneficial, too, 
because if all teacher modes were reserved for the end of the day, the thoughts 
and questions in the moment would have been lost.  –CHEM 

 
Several PHYS and CHEM teachers described the assigned reading as foundational to the workshop 
content. The reading material seemed to reinforce their certainty that adopting modeling in their 
classrooms would improve their instructional practice: 
 

I really liked discussing the readings at the beginning of each day and that the 
readings weren't done in isolation from the rest of the workshop.  –PHYS 
 
Reading and reflecting on the science education research article was incredibly 
useful, as I could see what current researchers have found and use the data to 
support my transition to a modeling classroom.  –PHYS 
 
The science education research articles make a very persuasive argument for 
using modeling instruction techniques in high school science education.  –CHEM 
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Aspects of the workshop that the teachers in the ENG and ADV groups found most helpful included: 
 

x Examples of engineering lessons (“airplane and marshmallow tower”) 
x Readings / group discussions about alternative problem types 
x Applying engineering design concepts to teaching physics 
x Designing problems (goal-less, jeopardy, ranking tasks) 
x Teacher/student modes to try different labs and activities 
x Uninterrupted time to collaborate with group members 
x Having enough time to develop and try out an activity 
x Activities can be applied to different grade levels 
x Encouragement to write alternative questions 
x Introducing the design process on the first day  
x Working through the problems in groups 
x Professional connections / networking 
x Running actual labs 
x The one-week format 

 
ENG teachers found it worthwhile to learn about “how engineering works at Ohio State and other 
universities,” and about “the type of work engineers do and the practices they use.” They acknowledged 
the value of this information in communicating with students about career paths in engineering: 
 

The level of detail about college engineering is something I can really take back to 
my students to help them with career decisions and college choices. I really 
appreciated the discussion of the design aspect of engineering and the comparison 
and contrast between science and engineering, and that engineering is about a lot 
more than math and science. It's important to let students know this early to attract a 
more diverse population of students.  
 
Information about the design cycle and characteristics of a good engineer gave me 
a better understanding of what engineers do. This will help me target a variety of 
skills when I plan new engineering activities. Discussing first-year engineering 
programs was also valuable. I am much better able to discuss educational pathways 
with my prospective engineering students. 
 

ENG teachers viewed collaboration with their workshop colleagues as a productive way to germinate 
and extend ideas, as this ENG teacher described: “I got to spend a lot of time collaborating with the 
other teachers, which not only allowed me to process the use of design thinking in a lesson but also to 
learn new physics ideas and general classroom techniques.” 
 
Teachers in the ADV group especially valued the readings, the blocks of time allotted for collaboration 
on developing the modeling curriculum, and networking:  
 

I feel like I am leaving with a better understanding of what modeling is. I now have 
the confidence and skills to build a modeling unit from the ground up. Before this 
workshop, I understood what modeling physics looked like and what modeling 
chemistry looked like, but now I understand what modeling in general looks like. 
 
The ability to tackle any aspect of the curriculum really appealed to me and, 
indeed, the topic we chose was a really interesting exercise in curriculum 
development. Additionally, the professional connections forged will have returns 
long after the workshop ends. 
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Confidence in integrating science and/or engineering practices into their teaching 
 
Participants’ positive comments reflected a sense of excitement and eagerness to apply what they had 
learned through the modeling workshop: 
 

This modeling curriculum makes me feel much more confident in my ability to 
implement scientific inquiry in my classroom. –PHYS 
 
I feel much more confidant integrating engineering and the inquiry practices in 
my classroom. –CHEM 
 
I feel more comfortable incorporating engineering practices into my classroom 
and have plans for four or five engineering-specific activities during the course of 
the year. This workshop was really very helpful to me.  –ENG 
 
I feel more confident using engineering in the classroom and have a better 
understanding of what engineering is so I can facilitate it in any class. I'll need 
more time to better build solo projects, but I feel I can more effectively.   
–ENG 
 
I am really excited to try this unit out with my students. –ADV 

 
Those who did not express confidence about their ability to integrate science and/or engineering 
practices in their classrooms seemed to focus more on the “engineering” aspect of the question. More 
teachers in the CHEM group, but also some in the PHYS and ADV groups, stressed that engineering 
concepts were not covered extensively enough to give them confidence in integrating engineering in 
their own instructional practices.  
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Speakers at Follow-up Sessions  
 
Twenty-eight teachers attended the Follow up Session on February 27th, which continued the 
popular Modelpalooza format where participants chose one option from each set of sessions 
(listed in Table 8 and Appendix 6). All the attendees (100%) viewed nine of the 11 
Modelpalooza presentations as “very effective” or “somewhat effective.”  
  

Table 8: Modelpalooza Presenters Rated Effective1 

—Sorted by High to Low Total Response— 
 

 
PHYS CHEM ADV ENG TOTAL 

N=1-3 N=2-5 N=1-4 N=1-5 N % 
Session 1 – Fundamentals of Cooperative 
Learning – Kathy Harper 100.0 100.0 100.0 100.0 11 100.0 

Session 1 – Graphical Methods in Physics 
– Joe Griffith  100.0 NA NA 100.0 4 100.0 

Session 1 – Engineering in Chem & Phys 
Sci – Jamie Doup & Barb Shuba 100.0 100.0 100.0 100.0 7 100.0 

Session 2 – Starting Newtonian Physics w/ 
Momentum – Chas Deremer 100.0 100.0 100.0 100.0 10 100.0 

Session 2 – Preserving Academic Integrity 
– Sarah Palmer & Mary Whalen 100.0 100.0 100.0 100.0 6 100.0 

Session 3 – Modeling Atomic Theory – Alex 
Dotson, Lauren Stewart, Laura Swiatek 100.0 100.0 100.0 100.0 13 100.0 

Session 3 – Center of Mass in AP Physics 
– Linda Bugosh, Bob Engels, Taylor Kaar & 
Michael Lerner 

100.0 100.0 100.0 100.0 10 100.0 

Session 3 –Modeling Biology – Jessie 
Dorman 100.0 100.0 NA 100.0 3 100.0 

Session 4 – Incorporating Engineering in 
Physics – Doug Forrest 100.0 100.0 100.0 100.0 7 100.0 

Session 2 – Adding Informal Science 
Practices to Your Modeling Class – Ted 
Clark & Rebecca Riccardo 

100.0 100.0 100.0 50.0 10 90.9 

Session 4 – Strategies for the Student Who 
“Just Doesn’t Get It” – Rick Jacox 100.0 0.0 100.0 50.0 7 77.8 

Session 4 – Interactive Notebooks – Marie 
Wenzke 100.0 80.0 50.0 66.7 8 72.7 

 

1Percent 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 
 
The only Modelpalooza sessions to get “minimally effective” ratings from some of the attendees 
were Strategies for the Student Who Just Doesn’t Get It (ENG=50%) and Interactive Notebooks 
(CHEM=80%), resulting in overall ratings of 78 percent and 73 percent respectively. Half of the 
ADV teachers and 33 percent of the ENG teachers marked “No opinion” in response to the 
Interactive Notebooks presentation, which contributed to its lower overall rating.  
 
The respondents expressed positive views of the presentations overall. They “enjoyed the 
variety” of topics, described the sessions as “informative and enthusiastic” and liked that the 
event was “run smoothly and on schedule.”  Several respondents declared that they learned a 
great deal, not only from the presenters, but also from their peers. One participant described the 
Center of Mass presentation as “amazing” while another “really enjoyed the biology update.” 
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Pre-Survey and Post-Survey Comparisons 
 
Appendices 7-13 provide comparisons from the Pre-Survey, completed by participants before 
beginning the Modeling Workshops, and the Post-Survey administered at the final follow-up 
session on February 27, 2016, approximately eight months after the summer workshops. 
Appendices 7 and 8 provide responses to OBR questions about teachers’ preparedness and 
instructional practices. Appendix 9 presents participants’ opinions in response to IRC questions 
about science teaching and learning. Appendix 10 covers the extent to which they viewed 
teachers at their school as being interested in inquiry-based instruction and their principals as 
being supportive. Appendix 10 also includes questions about participants’ service as a resource 
to other science teachers in their schools and districts. Appendix 11 covers IRC questions about 
the respondents’ preparedness and experience with different teaching approaches, including 
hands-on and inquiry-based instruction, and their experience working with student subgroups 
(e.g., females and students from various cultural backgrounds). Appendix 12 presents teachers’ 
self-reports about the extent to which they use various classroom practices at least weekly. 
Appendix 13 has comparisons of their opinions about their integration of engineering practices 
in their science instruction at two points (end of the summer training and year-end).  
 
Teacher Opinions and Attitudes (Appendix 7) 
 
Appendix 7 displays workshop participants’ responses to the OBR survey opinion and attitude 
question. At the onset and year-end, all (100%) believed that they had a good understanding of 
core content in their respective disciplines and were excited about teaching in their subject 
areas. By the Post-Survey, everyone (100%) believed they were effective teachers and 
confirmed their understanding of how to use technology effectively in the classroom (the latter 
increased significantly (initially 83%). Respondents also reported a statistically significant gain in 
their ability to differentiate instruction in the classroom (increased overall 68% to 94% and for 
the CHEM group from 39% to 92%). 
 
Classroom Practices (Appendix 8)  
 
The OBR questions in Appendix 8 do not reflect as great a disparity between the groups as was 
apparent in last year’s cohort. At the start of the workshops, most agreed that the role of the 
student is to apply inquiry and problem solving skills to discover solutions to problems (85 – 
92%). Most also confirmed that classroom interaction involves a dialogue between teacher and 
students (82-100% for three of the groups and lower agreement of 69% from CHEM, which 
increased to 85% year-end). The only statistically significant pre/post change in this set of 
questions was that more PHYS teachers reported that students were working in cooperative 
groups (increased from 67% to 83%). 
 
Teacher Opinion and Instructional Practices (Appendix 9) 
 
All the teachers consistently confirmed their enjoyment in teaching science.  During the program 
year, the CHEM teachers reduced their reliance on the textbook in their curriculum organization;  
none did this at year-end whereas nearly a third did so when they began the workshop (31%), 
which also likely resulted in the overall significant decrease on this measure (went from 13% to 
2%). Another statistically significant result is that all of the PHYS teachers agreed that “Learning 
for all students is enhanced by incorporating the contributions of different cultures” compared to 
81 percent who did so when they started the summer session. Unfortunately, by the end of the 
academic year, ENG teachers were significantly more likely to agree that “Students learn 
science best in classes with students of similar abilities” (increased from 9% to 40%); it is 
unclear why this group of teachers changed their opinion on this measure.  
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School Culture (Appendix 10)  
 
The questions in Appendix 10 focus on teachers’ opinions about school support and their own 
status as resources to others in their schools/districts. The only statistically significant change in 
this set of items is that the half of the participants (50%) said they served as “a resource for 
other science teachers in my district,” which went up from their initial report of 34 percent.  
 
Teacher Preparation (Appendix 11)  
 
Appendix 11 presents teachers’ opinions about their preparation to use practices consistent with 
inquiry-based learning. On the initial survey, one hundred percent of ADV and ENG agreed on 
five of the 12 statements on preparedness, with both groups in uniform agreement on three of 
those five (“use cooperative learning groups,” “manage a class of students who are using 
hands-on/manipulative materials,” and “implement inquiry or discovery learning”). Given that 
these teachers had already completed at least one Modeling course, this high level of 
competence likely reflects their prior training.  
 
In contrast, while three quarters of PHYS (75%) also felt ready to implement inquiry or discovery 
learning, less than half of CHEM participants (46%) affirmed their readiness to do so. By year-
end, both of these groups as well as the teachers overall experienced statistically significant 
gains in their skills with using inquiry-based learning (PHYS=100%, CHEM=92%, and 
Total=94%). The PHYS group also significantly increased their comfort with using “science 
equipment as an integral part of science instruction” (up from 81% to 100%), which likely 
contributed to the overall significant gain on this practice (went from 89% to 98%).  There was 
also significant growth in participants’ ability to teach “groups that are heterogeneous in ability” 
(total up to 87% from 72%) and “students from a variety of cultural backgrounds” (CHEM went 
from 46% to 75% and Total increased from 59% to 82%). Teachers also rated themselves as 
being more prepared to use performance-based assessment (total increased from 62% to 82%) 
and portfolios to assess student progress in science. On the latter, the CHEM group went from 
none to half of the teachers saying they felt prepared to do this (total went from 25% to 50%). 
 
Frequency of Various Classroom Activities (Appendix 12) 
 
Participants were also asked to report on the frequency that they typically used various activities 
in their classrooms.  In the prior school year, all ADV and PHYS participants had students doing 
small group work. Similarly, 100 percent of ADV teachers had students dialoging weekly with 
them to develop ideas and doing hands-on/manipulative activities, and these activities were also 
prevalent in PHYS (87% on both) and ENG (82% and 91%) classrooms, though less likely in 
CHEM classes (77% and 62%). All the ENG respondents reported using teacher-created 
lessons and more than three quarters of the other groups (77% to 92%) did so as well.  
Although most of the ADV teachers (92%) reported that students learned by inquiry each week, 
and ENG participants (73%) were close behind, the PHYS (47%) and CHEM (31%) groups 
were much less inquiry-based. By year-end, the CHEM (75%) and ENG (100%) experienced 
significant increase in their use of inquiry instruction. 
 
Overall, initially 56 percent indicated that students “write their reasoning about how to solve a 
scientific problem,” which increased significantly over the course of the program (up to 79%), 
especially for the PHYS groups (went from 47% to 92%). Another significant change is that the 
percentage of CHEM teachers who indicated that “students never read a textbook in class or did 
so only once or twice a semester” increased (from 44% to 69%). Finally, significantly fewer in 
the ADV course were likely to have students watch them demonstrate a scientific principle 
(decreased from 46% to 18%).  
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Use of Engineering Practices (Appendices 13A and 13B) 
 
The participants were asked to describe their level of confidence in integrating science and/or 
engineering practices into their teaching. Some answered this question with praise for the workshop 
such as this PHYS teacher: This was the best workshop I’ve ever been a part of in my professional 
life. I will strongly recommend it to coworkers.” Others praised the content, such as this ADV teacher: 
“Loved the ideas I learned here.” Many said they felt more confident, prepared, or motivated to 
integrate science and/or engineering into their practices. As would be expected, more teachers in the 
ENG group were confident about doing so than were teachers in the other groups. The growth in the 
ENG group’s confidence was further illustrated by the significant increases in four of the six self-
ratings of their abilities to integrate engineering into their science instruction by the end of their 
workshop, which were maintained through the year. 
 
IMPACTS: End-of-Workshop Survey and Post-Survey Comparisons 
 
Table 9 presents the results for a set of questions about the impacts on participants’ 
understanding of modeling and student performance. Asked initially at the end of the summer 
and then revisited on the Post-Survey, the results were generally consistent at each time period. 
High levels (79-100%) confirmed improvements in their understanding of how to use modeling 
in their science classes and teach the concepts in Ohio’s New Learning Standards in Science. 
They also anticipated improved student performance in the specified areas (75-93%). See 
Appendix 14 for the detailed results by workshop. 
 
Table 9: Better Understanding of Modeling/Teaching and Improved Student Performance1 

—Sorted by High to Low Total Response by Post and Workshop within Category— 
 

 End-of- 
Workshop  

Post-
Survey  

 TOTAL TOTAL2 

 N=53 N=46 
Better Understanding of How to Use Modeling or Teach Discipline Area 

ADV/ENG: Use modeling in my classes. 94.4 100.0 

Teach physical science effectively. 78.3 89.5 

Teach chemistry effectively. 88.9 88.9 

Teach science concepts in Ohio’s New Learning Standards in Science. 77.8 81.8 

Teach physics effectively. 83.3 78.6 
Workshop Helped Me Improve Student Performance 

ADV/ENG:  Improve student performance in my classes.  100.0 92.9 

Improve student performance in chemistry.  88.9 83.3 

Help students to be better prepared for state assessments. 93.1 83.3 

Improve student performance in physical science.  77.3 78.6 

Improve student performance in physics.  83.3 75.0 
 

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

2There 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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IMPACTS: Year-end Opinions about the Modeling Workshops  
 
Opinion Results from OBR Surveys 
 
Strong evidence of the success of the Modeling Workshops is documented in results from the 
OBR portion of the Post-Survey (see Tables 10-12 and Table 15). One hundred percent of the 
respondents reported learning new instructional approaches, methods and teaching strategies 
as well as inquiry-based, hands-on activities to use in their classrooms and that participation in 
the professional development improved their teaching and increased their enthusiasm for 
teaching (Table 10). The majority reported learning multiple ways to assess student learning 
(98%), methods to differentiate instruction (96%), and effective questioning techniques (94%). 
Although all 12 participants in PHYS confirmed learning new Math and/or Science concepts, 
facts and definitions, fewer in CHEM (77%), ENG (73%), and ADV (70%) agreed. In a similar 
pattern of opinion by workshop, 100 percent of PHYS participants agreed that they learned how 
to use new technology compared to those in the other workshops (ADV=73%, CHEM=62%, and 
ENG=60%). As with the prior implementation, 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 (50% overall, down from 61% last year). However, in Table 11, a high 98 
percent of participants confirmed that the training was consistent with state and national 
standards. The reason for the discrepancy between these two similar questions is unclear. It 
may be due to the fact that coverage of Ohio’s standards is not an explicit focus of the 
instruction in the Modeling Workshops.  
 

Table 10: OBR Post-Survey Questions about the Impact on Participating Teachers1 
 

 
Post-Survey 

PHYS CHEM ADV ENG 
TOTAL 

N=46 
 N=12 N=13 N=11 N=10 N % 
a) I learned new content in Math and/or 

Science (concepts, facts and 
definitions)…  

100.0 76.9 72.7 70.0 37 80.4 

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

41.7 46.2 45.5 70.0 23 50.0 

c) I learned multiple ways to assess 
student learning 100.0 92.3 100.0 100.0 45 97.8 

d) I learned effective questioning 
techniques… 100.0 100.0 81.8 90.0 43 93.5 

e) I learned how to use new technology in 
my classroom… 100.0 61.5 72.7 60.0 34 73.9 

f) I learned methods to differentiate 
instruction in my classroom… 83.3 100.0 100.0 100.0 44 95.7 

g) I learned new instructional approaches, 
methods and teaching strategies… 100.0 100.0 100.0 100.0 46 100.0 

h) I learned inquiry-based, hands-on 
activities to use in my classroom… 100.0 100.0 100.0 100.0 46 100.0 

i) Participation in this professional 
development improved my teaching … 100.0 100.0 100.0 100.0 46 100.0 

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

100.0 100.0 100.0 100.0 46 100.0 

 

1Percent 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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In Table 11, all workshop participants (100%) agreed that the training provided useful resources 
and/or materials to assist with classroom instruction and ample time to achieve the stated 
objectives. Nearly all (98%) affirmed that the workshops provided adequate follow-up, that the 
training was “high quality, sustained and intensive,” and was “linked to state and national 
standards.” 
 

Table 11: OBR Post-Survey Questions about Professional Development Experience1 

 

 
Post-Survey 

PHYS CHEM ADV ENG 
TOTAL 

N=46 
 N=12 N=13 N=11 N=10 N % 
a) …provided ample time to achieve the 

stated objectives…   100.0 100.0 100.0 100.0 46 100.0 

b) …provided adequate follow-up…    100.0 100.0 100.0 90.0 45 97.8 
c) …provided useful resources and/or 

materials to assist with my instruction 
in the classroom… 

100.0 100.0 100.0 100.0 46 100.0 

d) …was high quality, sustained and 
intensive… 100.0 100.0 100.0 90.0 45 97.8 

e) …was linked to state and national 
standards… 91.7 100.0 100.0 100.0 45 97.8 

 

1Percent 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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Participants’ opinions about the workshops’ impacts on teachers’ professionalism are presented 
in Table 12. All 46 participants said they would recommend the program to other teachers and 
had shared their knowledge informally with colleagues. Most confirmed that the professional 
development sparked the establishment of a professional network among participants (94%) 
and that they had maintained contact or intended to stay in touch with faculty (91%) and 
teacher-instructors (89%) who provided the professional development. More than half overall 
(64%) reported formally sharing what they learned with their colleagues. As would be expected, 
more participants in ADV (80%) and ENG (70%) engaged in formal sharing than the first year 
groups (CHEM=62%; PHYS=50%). Lastly, while 100 percent of the ENG group reported 
attending a professional association conference as an impact of the training, only half of the 
teachers in CHEM (50%) and fewer in PHYS (42%) and ADV (27%) did so. 
 

Table 12: OBR Post-Survey Questions about the Impact on Teachers’ Professionalism1 

 

 
Post-Survey 

PHYS CHEM ADV ENG 
TOTAL 

N=46 
 N=12 N=13 N=11 N=10 N % 
a) I have maintained contact (or plan to 

maintain contact) with other 
participants… 

83.3 76.9 100.0 90.0 40 87.0 

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

100.0 66.7 100.0 100.0 40 90.9 

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

91.7 92.3 100.0 90.0 43 93.5 

d) I have attended a professional 
association conference… 50.0 41.7 27.3 100.0 23 52.3 

e) I have or would recommend this 
program to other teachers… 100.0 100.0 100.0 100.0 46 100.0 

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

100.0 100.0 100.0 100.0 46 100.0 

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

50.0 61.5 80.0 70.0 29 64.4 

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

91.7 72.7 90.9 100.0 39 88.6 

 
1Percent 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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Pre/Post: Participation in Science/Science Teaching Conferences 
 
Comparisons of Pre- and Post-Survey results show that participants in the Modeling Workshops 
attended more science and science-teaching conferences this year (Table 13). Prior to the 
summer training (in 2014-2015), nearly half of the teachers (49%) had attended at least one 
conference, which included just over one third (34%) who had attended only one. On the Post-
Survey, the proportion of teachers overall who had attended any science/science-teaching 
conferences during the 2015-2016 school year significantly increased to 80 percent, and there 
were significant gains in attendance for both PHYS (from 31% to 75%) and ENG (from 55% to 
100%). 
 

Table 13: Participation in Science/Science Teaching Conferences1 

 

2014-2015 Conferences 

Pre-Survey 

PHYS CHEM ADV ENG 
TOTAL 

N=53 
N=16 N=13 N=13 N=11 N % 

None 68.8 38.5 46.2 45.5 27 50.9 

1 25.0 46.2 30.8 36.4 18 34.0 

2 6.3 15.4 15.4 0.0 5 9.4 

More than 2 0.0 0.0 7.7 18.2 3 5.7 

At least 1 31.3 61.5 53.8 54.5 26 49.1 

 Post-Survey 

2015-2016 Conferences 
PHYS CHEM ADV ENG 

TOTAL 

N=46 

N=12 N=13 N=11 N=10 N % 
None 25.0 23.1 27.3 0.0 9 19.6 

1 33.3 53.8 27.3 30.0 17 37.0 

2 25.0 7.7 27.3 30.0 10 21.7 

More than 2 16.7 15.4 18.2 40.0 10 21.7 

At least 1 75.0** 76.9 72.7 100.0** 37 80.4*** 
 

1Percentages 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 < .05.  
***Statistically significant difference with p-value < .01.  

 
Pre/Post: Membership in Science Professional Organizations 
 
The IRC surveys also assessed membership in science professional organizations as a 
measure of networking (Table 14). The Post-Survey shows membership in professional science 
organizations increased significantly by year-end (to 94% from 72% on the Pre-Survey). In all 
the groups, more teachers reported membership in a science professional organization, but the 
increase was statistically significant only in the CHEM group (from 62% to 92%). It is impressive 
that every respondent—with the exception of one teacher in each of the PHYS, CHEM, and 
ADV groups—had become a member of a science professional organization by year-end. 
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Table 14: Membership in a Science Professional Organization1 
 

Member at beginning of 2015-2016 
Modeling Workshop 

Pre-Survey 

PHYS CHEM ADV ENG 
TOTAL 

N=53 
N=16 N=13 N=13 N=11 N % 

Yes 56.3 61.5 84.6 90.9 38 71.7 

No 43.8 38.5 15.4 9.1 15 28.3 

 Post-Survey 

Member during 2015-2016 School Year 
PHYS CHEM ADV ENG 

TOTAL 

N=46 

N=12 N=13 N=11 N=10 N % 
Was a member prior to participating in 
Modeling 50.0 30.8 54.5 80.0 24 52.2 

Became a member during a prior 
Modeling class 25.0 23.1 18.2 20.0 10 21.7 

Became a member this year 16.7 38.5 18.2 0.0 9 19.6 
Was a member prior to participating in 
Modeling 8.3 7.7 9.1 0.0 3 6.5 

Yes 91.7 92.3* 90.9 100.0 43 93.5** 

No 8.3 7.7 9.1 0.0 3 6.5 
 

 1Percentages 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 < .01.  
**Statistically significant difference with p-value < .05.  

 
Pre/Post: Participation in Modeling and Science Listservs 
 
Seventy-five percent of the ADV and ENG groups reported weekly monitoring of a national 
modeling listserv and 44 percent monitored a national science in general listserv (Appendix 15). 
In contrast, participants overall were markedly, initially less active in monitoring a national 
modeling listserv, with 43 percent admitting to never engaging in this activity and 48 percent 
reporting they had never checked other modeling listservs. By year-end, the proportion of 
teachers indicating at least some use of the national modeling listserv increase significantly to 
78 percent. The advanced groups maintained their high use (76% reported weekly access). 
Interestingly, although five of the 10 instructional team members also indicated weekly use of 
this listserv, four said they never used it.  
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IMPACTS: Students 
 
Table 15 presents responses to close-ended questions about the impact of the teacher training 
on students. All participants in the ENG and PHYS group (100% respectively) and a majority in 
the other workshops (CHEM=69% and ADV=91%) reported that their students were “more 
attentive, enthusiastic and involved in classroom activities” as a result of the professional 
development (89% overall). Eighty-seven percent of the teachers verified that the quality of 
student work had improved. Increased student participation in science and math activities 
outside of school was affirmed 47 percent overall, but varied across the workshops from a low 
of 23 percent (CHEM) to a high of 78 percent (ENG).  
 

Table 15: OBR Post-Survey Questions about Impact on Students1 

 

 
2016 Follow-up Survey 

PHYS CHEM ADV ENG 
TOTAL 

N=46 
 N=12 N=13 N=11 N=10 N % 
a) My students are more attentive, 

enthusiastic and involved in 
classroom activities… 

100.0 69.2 90.9 100.0 40 88.9 

b) The quality of student work is 
noticeably improved… 91.7 76.9 90.9 88.9 39 86.7 

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

41.7 23.1 54.5 77.8 21 46.7 

 

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

 
Teachers were asked to describe the kinds of changes they made in how they teach their 
science classes as a result of their Modeling Workshop experiences. Ten of the PHYS 
participants responded to this question, with many concurring that they have incorporated more 
cooperative learning, labs, student-driven instruction, questioning and assessment of students’ 
conceptual understanding:   
 

Little use of textbook, lots more labs, focus on group work and being able to 
demonstrate and explain understanding, not just answering questions. 
 
Always learning new ways to differentiate my teaching. Figure out ways to use 
activities to achieve the greatest student growth of scientific ideas and critical 
thinking skills in my classroom. 
 
Students drive the learning and discover the ideas of physics. 
 
I have learned to ask better questions that don’t lead students to the answer. I 
also developed new strategies for labs and assessments. 
 
I've added in a number of deployment lab-like activities in which students take 
the problem solving methods and science concepts we learned and apply them 
to a real-world scenario. 
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Eleven CHEM teachers shared how they are less dependent on textbooks and student note 
taking, and more fully engaged in inquiry-based instructional practices and white boarding in 
their classrooms. The sampling of their comments below reflects how their Modeling Workshop 
experiences inspired these changes: 
 

I stopped teaching to the textbook. I learned how to teach the important concepts 
that are learned through inquiry and invoke deep critical thinking process. 
 
My teaching has completely changed. I no longer depend on a textbook and 
having them only take notes. 
 
I use more active questions requiring more thought. 
 
I plan on doing something like Marie’s “Interactive Notebooks.” 
 

Two of the seven ADV teachers who responded to this question reported adding more video 
resources to help students with learning difficulties. One of them was also using more stations 
and supplemental materials. An ADV teacher had introduced “the idea of systems and COM” to 
AP Physics 1 classes, another credited the Modeling Workshop for making her “better at 
questioning” while a third described using more inquiry-based and student-centered instruction 
and questioning techniques. 
 
The six ENG teachers confirmed that they are incorporating more engineering design in their 
Physics classes and are using “more thoughtful challenges.” One forward-looking ENG 
participant added: “I am really excited to incorporate additional engineering design challenges in 
coming years!” 
 
Participant Suggestions  
 
On both the End-of-Workshop Survey and Post-Surveys, participants were asked respectively 
about recommended improvements to the summer and follow-up training. Although they 
generally praised and valued the Modeling Workshops and the support provided, they thought 
the following aspects could be strengthened. 
 
Suggested Changes Specific to the Workshops  
 
Given the number of participants/survey respondents (N=53), it is to be expected that their 
opinions on how the workshop could be improved would differ and in some cases be 
contradictory. For example, while some respondents really liked the assigned readings, other 
felt the material was too much to digest on top of the hours of classroom learning. Suggestions 
for improvement are presented below by group, with the PHYS and CHEM groups first, followed 
by the ENG and ADV teachers:  
 
Suggestions from PHYS and CHEM teachers 
 

� Diversify presenters (urban/rural, public/private, high income/low income) 
� Include a questioning worksheet (”as a reminder of scaffolding of goals”) 
� Add an extra week (so breaks are longer, cover all topics) 
� Share list of participants’ email addresses who wish to network 
� Spend less time on the reflections (more time on lessons) 
� Send out readings prior to the workshops (so not so pressed for time) 
� Have specific writing prompts for the readings 
� More up-to-date articles 
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� Less homework / do not assign homework every night 
� More explicit applications useable at a broader range of schools 
� Resources for lower-level students 
� More practice in questioning 
� More white boarding sessions 
� Extra networking time 

 
The amount of nightly homework, in the form of assigned readings and required written 
reflections, was an issue for several PHYS and CHEM teachers. Some urged allowing access to 
the assigned articles in advance to “take the pressure off,” assigning fewer readings, discussing 
the readings instead of requiring written reflections, or giving specific prompts for the written 
reflections to better focus the assignments. Participants’ comments below convey the impact of 
the assigned readings, and suggest how this aspect of the workshop might be modified: 
 

Too intensive...7.5 hours of class, one hour of driving, then up to two hours of 
reading each night, then more time to type up the reflections...that's potentially 11 
hours a day on physics. It got draining, especially with family commitments. The 
readings and reflections didn't always get my full attention because my head was 
burned out by the evenings.  –PHYS 
 
The amount of time spent on homework was exhausting and left me feeling tired 
many days in class. The readings were useful though, so maybe just cutting out 
one or two that are somewhat redundant would help.  –PHYS 
 
It would be beneficial to have the same readings but fewer reflections to turn in 
for the course and just discuss some of the articles in class.  –PHYS 
 
A prompt to write on each night…should be appropriate for points the teachers 
are trying to emphasize that day. Just giving us an article and asking us to reflect 
may cause us to miss the point the workshop instructors are trying to have us 
understand.  –CHEM 
 

Two CHEM teachers wrote that the articles they read lacked the evidence they were looking for 
to support modeling practice in the chemistry classroom. One was disappointed that the articles 
referenced data that supported aspects of modeling, but said, “No direct data showed the 
effectiveness of chemistry modeling.” The other opined that, “all the articles we read were 
cherry picked for a purpose and a steering of discussion.”  He wanted to read “a study, data, 
and analysis of modeling curriculum versus a more traditional curriculum with no bias in it.” 
 
Lastly, two teachers suggested greater focus on helping teachers figure out how to implement 
modeling practices in diverse school environments with differing needs:  
 

More explicit applications to a broader range of schools. This was a very general 
workshop and the practices would look very different depending on the type of 
school (urban, suburban, rural).  –CHEM 
 
It would be helpful to have presenters from varied educational environments. 
Some questions I had about implementing this curriculum in a city school were 
left unanswered because others don't have the same experience. Even just a 
guest speaker one day who could speak to the implementation of modeling in 
different settings would be helpful.  –PHYS 
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Suggestions from ENG and ADV teachers 
� Materials to incorporate engineering practices into the lower-grades 
� Less lecture time about certification / college engineering programs 
� Provide an outline of expectations of what participant will create 
� One-week workshop for experienced modelers 
� Kick-starter ideas / more project examples   
� Help developing ideas into concrete activities  
� More / constant feedback from instructors 
� More hands-on “try out” of activities / labs 
� More time discussing assessment 
� Clearly defined learning goals 
� More networking 
� More structure 

 
ENG teachers struggled to transition their ideas into concrete, affordable activities and would 
like more help in this regard. They suggested more project examples, hands-on testing of 
activities, and approaches that do not necessarily require building a physical model:  
 

I am still struggling with developing ideas for a chemistry environment so kick-
starter ideas might be helpful. The leap between idea and the conditions needed 
to make a successful product seem to be large in chemistry. In particular, I’m 
unclear on how to use everyday lab equipment to make products that actually 
have a chance of working. 
 
More project examples or ideas. Most of the projects I could think of required 
students to ultimately build a product. It would be good to also incorporate other 
aspects of engineering (design, communication, etc.) without having a finished 
physical product. 
 
More time to build and implement engineering projects. That’s when I felt I was 
learning the linkages and how to use it in my classroom. Perhaps examples of 
physics-based engineering practica to show how models can be used, how the 
design cycle fits in, and how to assess the final product. 
 

Two ENG teachers and more than a few ADV teachers would like the workshop to be more 
structured. One ENG teacher suggested “more structured examples of brainstorming and 
criteria setting in class.” ADV teachers stated there was “too much down time,” they “did not 
need all the time that was allotted,” and suggested “giving groups a structure of what needs to 
be done.” 
 
Three ADV teachers recommended more proactive and constant feedback from instructors, 
describing their feedback this year as “minimal,” which “led to a self-enforcing feedback loop 
from within our group.” The third noted, “Year 2 coordinators were just listening into 
conversations we were having without even saying anything.” 
 
However, the ADV teachers differed in their opinions of the workshop’s structure and the amount of 
feedback the instructors provided. While a few felt more structure was needed, others liked the 
independence to develop materials on their own. Some felt they got help from the instructors when 
needed, while others reported wanting more feedback. Interestingly, an ENG teacher observed, “The 
guidance was fine for this class, but in future years, it might need to increase.” 
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Numerous respondents were eager to attend a shorter, follow-up workshop and several would 
like to repeat Year 2 if they were permitted to do so (even without credit). They also emphasized 
wanting to maintain contact with the colleagues they met through the workshop. Belonging to a 
professional modeling group with shared goals engendered a strong sense of support.  
 
Lastly, one of the above ADV teachers voiced that three weeks was too long for the workshop, 
and suggested adding something more structured to it if it is to remain three weeks such as “a 
technology integration or engineering practices component.”  
 
Additional feedback about advanced workshops (ENG and ADV) 
  
Participants in the ENG and ADV groups were asked how they felt about developing their own 
modeling units or materials. Teachers in both groups described this aspect of the workshop as “a great 
experience” and “invigorating” in that the process forced teachers to think about how to “build concepts 
using activities instead of thinking about a unit as just a group of relevant activities.”  Delving deeper, 
the question also asked respondents to note the strengths and weaknesses of this approach. Their 
insights are detailed in Table 16 below:  
 

Table 16: Strengths and Weaknesses of Advanced Workshop Format 
 

Strengths Weaknesses 
Can learn whys and hows before you name it Tough to develop storylines 

The deep level of thinking and learning The amount of time such learning takes 
Creating materials that will actually be used in 
the classroom 

Finding a compatible group with which to 
collaborate 

Being open-minded to how the process morphs 
over time 

Determining the level to develop your model and 
how much variance you want to add due to 
differentiation purposes 

Developing a unit from scratch; going through 
the entire practice 

Difficult if participant is not good at coming up 
with ideas 

Getting meaningful feedback Lack of feedback early and often 
Broadens students’ understanding of science as 
a whole; deepens meaning of why and how we 
know what we know 

Having enough time 

No distractions; concentrated amount of time to 
accomplish the task  The amount of time this takes 

Group members can lift you up Group members can hold you back 

 
It was important to determine how well the additional coverage, guidance, and structure 
provided by the advanced workshops met participants’ needs and went beyond the initial 
training. According to teachers in both the ENG and ADV groups, their workshops provided the 
time to “devote to expanding their skill sets.”  Their comments convey a general consensus that 
their expectations were met and in some cases, exceeded. Participants describe how the 
experience strengthened the foundation laid by the first year workshops while expanding their 
skills set:  
 

I grew the most in my assessment techniques.  –ADV  
 
This workshop pushed me to go beyond the big binder of fun. It gave me the 
confidence and skills to add curriculum and assessments to my classes that are 
not in the big binder.  –ADV 
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It gives you an overall scope on how a unit is designed and why it contains the 
components it does in the order it does.  –ADV 
 
It definitely helps you think a lot more about the WHY behind what you do and 
WHY you want to develop certain materials and teach them with a certain 
methodology. In that aspect it really met my expectations and needs. –ENG 
This workshop was set up well to expand upon what we had done as 1st and 2nd 
year modelers. The class met my expectations and the instructor was very 
knowledgeable and helpful. –ENG 

 
Suggested Changes Specific to Follow-up Sessions at Year-end 
 
Respondents were asked to share any recommendations they thought might improve the follow-
up sessions. The fact that only four of 46 (9%) suggested any kind of change to the follow-up 
sessions again reflects participants’ positive response to the event overall. In fact, several took 
the opportunity to express their satisfaction. For example, “the structure of the Modeling 
Workshops is sound and follow-up is excellent,” “They are great,” and “You all are awesome.” 
 
The suggested modifications were straightforward: 
 

� Start the event slightly later to make it easier on those coming from out of town 
� Include time to revamp modeling lessons after teaching it so it can be improved  
� Provide a descriptive list of the sessions in advance so participants can plan ahead 
� Create a central place where handouts and notes can be viewed by all 
� Add more follow-up sessions 

 
Ideas about Continuing Professional Development in Modeling  
 
At the end of the summer training, respondents mentioned activities they felt would help them 
continue to develop their Modeling practice.  
 

� Examples / discussion of how to assess design projects 
� Examples of chemistry modeling projects in action 
� Continued contact with other Modelers 
� Extend the days of this workshop 
� One-week follow-up workshop 
� Weekend follow-up workshop 
� Repeat ADV/Year 2 workshop 
� Modeling listserv 
� Modelpalooza 

 
At year-end, participants made concrete suggestions regarding activities or other supports that 
would help them continue their modeling development, such as:  
 

� Expand engineering to two weeks 
� Videotape the sessions so participants can replay them as needed 
� Continue into kinetics, recoil, acid and base 
� Provide time to work on new labs (e.g., CFPM with a force sensor) 
� More biology and physical science development 
� More workshops for Biology Modeling 
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A teacher said that she would “enjoy a week in the summer of learning the units that we didn't 
get to in the three weeks of training during the year.”  More respondents, however, felt that 
continued communication and networking “with like-minded teachers” was the most effective 
way to help them continue to grow as modelers. They suggested a variety of formal and 
informal modalities such as becoming more active on Twitter and social media. They favored 
ongoing collaboration with other modelers via email, listservs and “community outreach through 
social media so we can see what others are doing. Maybe have a Twitter hash tag for Ohio 
modelers.” The participants’ strong collective desire for networking was well articulated by this 
respondent: “Any time to get together with other modules is great even if it is through online 
communication like a discussion board, Edmode or Google classroom.” 
 
One participant suggested “regular opportunities (every three months or so) to network with 
local modelers” while another would like to have “statewide modeling seminars where we can 
examine and share new teaching techniques and assessment methods.” This individual also 
wanted to attend national modeling conferences. Other ideas included meeting up with other 8th 
grade science teachers working on the same topics “to see what kinds of things they’re doing in 
their classrooms. This could be helpful as a summer activity so we can talk about curriculum 
and how it plays out in the classroom throughout the entire year.” 
 
Modeling Workshops designed for teachers at the elementary and middle school level were also 
advocated. Another respondent was hopeful that future Modelpalooza events could be held in 
closer proximity as “more people from my area would be involved if it were more accessible in 
my part of Ohio.” 
 
Lastly, a few respondents confirmed that they felt well supported by the resources and supports 
the program has already made available to them, saying “The resources I have been given are 
enough!” and “The system you have now is great! Not too much, and well worth the time 
commitment.” 
 
Feedback from the Instructional Team  
 
Instructional Team Survey Results 
 
Ten members of the instructional team from the 2015-2016 implementation completed an online 
survey about the impact of the Modeling professional development opportunity on their 
schools/districts and how it may have contributed to their own growth. Respondents included 
five teacher-instructors (CHEM=2, PHYS=2, ADV=1), the two CHEM interns, the facilities 
coordinator, a faculty support person, and one faculty member. Eight were based at schools and 
responded to a question asking them about the number of teachers who completed a Modeling 
Workshop. One reported more than six had participated, but the more common reports were 1-2 
(63%) or 3-4 (25%) teachers at their schools had completed the training (Table 17).  

 
Table 17: Teacher-Instructor Survey – Number of Teachers from School and District  

 

 School-based Instructional Team Members Only 
N=8 

 From School From District 
Number of Teachers N % N % 

1-2 5 62.5 1 20.0 
3-4 2 25.0 2 40.0 
5-6 0 0.0 0 0.0 
More than 6 1 12.5 2 40.0 
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District-wide, two of the teachers reported more than six. Four instructors commented on 
additional impacts on their respective schools or districts as a result of their involvement in the 
Modeling program. A CHEM instructor noted that “science and math teachers are working 
together more,” and middle school science teachers were using a more inquiry- and modeling-
friendly curriculum. Another CHEM instructor reported that involvement in the program had 
“sparked interest” from other teachers and fostered “a lot of conversation and collaboration” 
among them. A Facilities Coordinator who had participated in all the courses confirmed, “We 
constantly use the modeling program to guide our decisions and help increase student 
understanding.” Lastly, an ADV instructor, who is the only Chemistry / Physics teacher in the 
district, expressed the goal of bringing the district’s Biology and Physical Science teachers to 
the workshop in the near future.  
 
One hundred percent of the teacher-instructors (N=10) confirmed their agreement with five of 
the six close-ended statements measuring their opinions of the workshop (see Appendix 16). 
They all attested to the positive impact of Modeling on the students and teachers at their 
schools. They enjoyed working as a Modeling Workshop instructor or intern and verified that 
modeling positively impacted their own teaching. All the respondents (100%) confirmed that 
their collegial network had grown as a result of the Modeling Workshops, and most (88%) 
agreed that science teachers/faculty at their schools are collaborating to a greater extent.    
 
Several of the instructors shared insights into how their experience with the Modeling Workshop 
this year contributed to their own professional development and changes in how they teach. 
Their comments reflect the core themes below: 
 

� More observant of students 
� More reflection on my own teaching 
� More reflection on the varied ways students learn 
� More thoughtful and deliberate about my teaching 
� Making changes to improve my instructional practice 
� Participating with students as one being questioned 
� Examining my questioning and assessment skills 
� Working to ensure students really understand the content 
� Better able to guide students with questioning and white board sessions 

 
A CHEM instructor, who has met professionals doing “amazing things in their classrooms” 
noted: “The professional learning network I have made as a direct result of the Modeling 
workshop has been transformative for me.”  Another CHEM instructor adapted an activity used 
in the modeling workshop to suit her college classroom and is planning to upgrade it again to 
become a required lab for that course.  
 
In response to an inquiry about the number of requests they had received from participants, all 
had received requests from current participants, with 90 percent occurring less often than 
monthly. One (10%) received requests at least once a month. Fifty percent received requests 
from former participants less often than monthly, while three (30%) had not received any 
requests from this group.   
 
Four team members offered examples of the kinds of requests for assistance they had received 
from participants, although only one noted that the assistance lead to a breakthrough in 
instruction. A CHEM instructor described the Energy LOL diagrams as being a breakthrough for 
“both teacher and student understanding.” 
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An instructor of CHEM and ADV reported that she was able to support a high school AP 
Chemistry class and co-teach several lessons in advance of their AP test. She found using her 
expertise in this way to be personally “very rewarding” and “beneficial for the students.” A 
CHEM instructor noted that the questions participants send her make her “think about things in 
new ways” and have “improved instruction for all of us.” Lastly, the Facilities Coordinator 
responded to participant emails typically concerning “a lab we discussed so they can get help or 
more information on how to implement it in their own classroom.” 
 
When asked for additional comments regarding their Modeling Workshop experience, all the 
instructors took the opportunity to offer extensive praise. Their compliments included: 
 

As a former scientist, I feel that Modeling Instruction is the closet thing to 
authentic scientific learning and research. Modeling rocks!  
 
Beyond a doubt, the BEST professional development I have ever had.  
 
It is truly the highlight of my summer. I always look forward to working with 
teachers just as passionate as I am. After a rough year the workshop helps me 
recharge.  

 
A CHEM intern and CHEM instructor both wrote about their experience in the Modeling 
workshop as deeply transformative: 
 

Modeling has completely changed the way I think about teaching. Every time I go 
to another workshop, I learn more and get new ideas to implement.  
 
Modeling has totally changed how I teach. When I use these techniques at the 
college, my students learn better and enjoy class more. It takes them time to 
understand that the classroom is not a lecture setting, but it is well worth it. 

 
An ADV instructor noted that of all the professional development activities she had participated 
in throughout 25 years of teaching, the Modeling Workshop “has been the best.” She 
commended the university faculty who serve as instructors for their “patience, empathy, and 
professional respect for the participating teachers.”  This instructor felt that the workshop’s 
atmosphere helped build teacher self-confidence and the interactive collaboration it fostered 
enabled teachers to “come out of a protective shell and risk trying new pedagogical techniques.”  
 
PI-team Response to Evaluation Questions 
 
The evaluator’s phone interview with Project Director and PI, Dr. Kathleen Harper, and email 
written response to the same questions from co-PI, Dr. Ted Clark, provided additional insight on 
the participants and verification of the training’s impacts on them. Both PIs were impressed with 
the participants’ high level of engagement. Dr. Harper described them as “a really good group 
this year, really enthusiastic across the board.” The record number of sign-ups for the 2016 ADV 
Workshop revealed strong buy-in from teachers who completed a first year course in 2015.  
 
Dr. Clark commented on the result of the teachers’ high level of engagement this year:  
 

The participants were enthusiastic and eager learners. In all cohorts, the 
participants quickly came to understand that modeling instruction would be an 
excellent approach for meeting the goal they articulated and this provided clear 
motivation leading to a high level of engagement throughout the workshop. The 
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subsequent gains in terms of content knowledge, pedagogy, and community 
building were all linked to this high level of engagement. 

 
The PIs were responsive to feedback from last year’s ADV participants concerning “too much 
down time” and not having enough to do. Part of that was due to low enrollment, according to 
Dr. Harper.  “This year, now that we’re going to have 17 or 18 and four or five groups presenting 
their projects to each other, I think we’re fine. I think the length will be just right, although we 
have thought about what we might do to make it a little meatier.” Indeed, low enrollment is no 
longer an issue. Dr. Harper reported “significant numbers of them coming back this year” in 
addition to teachers who have heard about the training from colleagues who participated. 
“Clearly they’re talking with each other about it and saying, ‘Hey you have to go and check this 
out.’ Everyone is so enthusiastic about what they learned.” 
 
Both PIs acknowledged that teachers’ gains in content knowledge and subsequent confidence 
in their own understanding were dependent on each participant’s initial level of understanding, 
but they confirmed that teachers are placing greater emphasis on Socratic questioning skills, 
student discussion, inquiry-based activities, small group work, and labs. 
 
Dr. Clark  co-taught two AP Chemistry courses at Olentangy High School over a three-week 
period and “was struck by the very high level of cooperation among these teachers” who had 
been through the Modeling Workshops in Physics and/or Chemistry. He attributed this 
development to the strong relationships built during their workshop experiences. 
 
Dr. Harper agreed that the workshops fostered active networking among the participants. “The 
listserv has been more active this year with teachers sharing opportunities and questions with 
each other.” The Facebook page set up by teachers a few years ago has been getting more 
traffic as well, “and sometimes you’ll even see our folks participating on the national listservs.” 
This networking is “an invaluable part of the workshop, as it leads to a host of gains. For 
example, a great deal of logistical information (where to purchase resources, how to set up labs, 
using technology) is clearly transferred due to this networking,” according to Dr. Clark.  
 
Dr. Harper described increased interest in advertising job openings on the listserv: “This year 
we’ve seen more of that than ever before. Teachers who have been part of the modeling 
program have an opening in their department or district, and often, before the official job 
announcement, they’re putting a heads-up notice on the listserv so they can try to recruit other 
modeling teachers to their building.” These types of unexpected benefits combined with the 
ongoing strengths of the Modeling Workshops explain why the training continues to attract 
teachers every year.    
 
Conclusions and Next Steps 
 
The 2015-2016 implementation of the Modeling Instruction for Physics and Chemistry in Ohio 
produced strong positive results. All 46 participants said they would recommend the program to 
other teachers and had already shared their knowledge informally with colleagues. Most (94%) 
confirmed that the training sparked the establishment of a professional network among 
participants and that they had maintained contact or intended to stay in touch with the faculty 
and teacher-instructors ((91% and 89%, respectively) who taught them. Additional results that 
underscore the teachers’ positive regard for the value of the Modeling Workshops are reflected 
in the unanimous (100%) agreement of the 46 participants on these fundamental metrics 
concerning the training and its impacts: 
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� Participation in the training improved their teaching 
� Participation in the training increased their enthusiasm for teaching 
� They learned inquiry-based, hands-on activities for classroom use 
� They learned new instructional approaches, methods and strategies 
� Training provided ample time to achieve the stated objectives 
� Training provided useful resources and/or materials  
� Training increased their understanding of effective applications of inquiry-based instruction 

and strategies to improve student performance in science 
 
Furthermore, more than 90 percent of the participants confirmed these key aspects:  
 
� Training was linked to state and national standards (98%) 
� Training was a successful professional development experience (98%) 
� Training would help them become more effective teachers (98%) 
� They would recommend the training to other teachers (98%) 
� Their questions and concerns were addressed effectively (96%) 
� They gained skills in how to use inquiry in their classrooms (96%) 
� The training contributed positively to their attitudes about science (96%) 
� Training enhanced their confidence in teaching science (94%) 
� They increased their ability to see connections among science concepts (94%) 
� They feel better prepared to encourage science activities in their schools (94%) 
� They gained skills in complex thinking and reasoning (93%) 
� Training provided adequate time for participants to reflect on the material (93%) 
� They improved their content knowledge (91%) 
� Increased their awareness of current research in science education (91%) 
� Increased understanding of strategies for facilitating change in science instruction (90%) 
 
Numerous statistically significant gains on teacher understanding and instructional practices 
were also in evidence on the following2: 
 
� How to use technology effectively in the classroom (up from 83% to 100%) 
� Differentiate instruction in the classroom (up from 68% to 94%) 
� Teach “groups heterogeneous in ability” (up from 72% to 87)  
� Teach “students from a variety of cultural backgrounds” (up from 59% to 82%) 
� Use portfolios to assess student progress in science (up from 25% to 50%) 
� Use performance-based assessment (up from 62% to 82%)   
� Serve as a resource to others in their schools/districts (up from 34% to 50%) 
 
CHEM (Significant Changes) 

 
�  Differentiate instruction in the classroom (up from 39% to 92%) 
�  Membership in a science professional organization (up from 62% to 92%) 
�  Ready to implement inquiry-based learning (up from 46% to 92%)   
�  Teach “students from a variety of cultural backgrounds (up from 46% to 75%)  
�  Use portfolios to assess student progress (up from zero to 50%) 
 
PHYS (Significant Changes) 
� Greater value to incorporating contributions of different cultures (up from 81% to 100%)  
� More students working in cooperative groups (up from 67% to 83%) 
� Felt ready to implement inquiry-based learning (up from 75% to 100%) 
� Increased comfort using science equipment (up from 81% to 100%)  

                                                
2 Unless specified otherwise, percentages represent the overall results. 
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The additional coverage and guidance of the advanced workshops seems to have met 
participants’ expectations beyond the initial training. According to both ENG and ADV teachers, 
the workshops were “invigorating” in how they expanded teachers’ skills and compelled them to 
“go beyond the big binder of fun” and “build concepts using activities instead of thinking about a 
unit as just a group of relevant activities.” Metrics of success specific to the ENG and ADV 
groups include 100 percent agreement that the coverage of effective uses of alternative 
assessment was worthwhile and that they increased their understanding of effective uses of 
alternative assessment. Additionally, 100 percent of ENG participants felt prepared to provide 
professional development on workshop-specific activities to their colleagues. Both ENG and 
ADV teachers reported using “more thoughtful challenges” with students and confirmed that the 
experience strengthened the foundation laid by the first year workshops. 
 
By the Post-Survey, everyone (100%) believed they were effective teachers. In all the groups, 
more teachers reported membership in a science professional organization and every 
respondent—with the exception of one teacher in each of the PHYS, CHEM, and ADV groups—
had become a member of a science professional organization by year-end. Positive impacts on 
students were also confirmed with 89 percent overall reporting that students were “more 
attentive, enthusiastic and involved in classroom activities” and 87 percent that the quality of 
student work had improved as a result of the professional development. Participants’ open-
ended responses described decreased use of textbooks, worksheets, flashcards, note taking, 
and timed-tests and increased use of questioning, labs, group work, and students explaining 
their thinking instead of just seeking right answers. 
 
Suggestions for improvement from the PHYS and CHEM teachers included providing the 
reading assignments in advance, specific writing prompts for the reading; less homework and 
time on reflections; and more time on lessons, resources for lower-level students, white 
boarding sessions, and practice in questioning techniques. 
 
Among the suggestions from the ENG and ADV teachers were more feedback from instructors, 
project examples, hands-on activities, labs, networking, and time discussing assessment and 
less time on certification and college engineering programs. They also requested materials to 
incorporate engineering practices into the lower grades, an outline of expectations (clearly 
defined learning goals), and help developing ideas into concrete activities.  
 
Overall, participants reported high motivation to continue implementing modeling instruction in 
their classrooms and sustained desire to grow professionally as modelers. This perspective is 
aptly represented in the comment of one ADV teacher who noted wryly that the workshop 
prepared and motivated him so well that he felt like “an evangelist or preacher” ready to 
advocate for modeling practices. 
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Appendix 1 
Physical Science and Chemistry Modeling Workshops 

Description of Teachers1 

 

 
2015 Pre-Survey 

PHYS CHEM ADV ENG 
TOTAL 

N=53 
 N=16 N=13 N=13 N=11 N % 
Gender       

Female 68.8 38.5 61.5 45.5 29 54.7 

Male 31.3 61.5 38.5 54.5 24 45.3 

Race/Ethnicity       

White, non-Hispanic  100.0 92.3 100.0 100.0 52 98.1 

Asian/Pacific Islander 0.0 7.7 0.0 0.0 1 1.9 

Age       

Under 30 50.0 53.8 30.8 9.1 20 37.7 

31-40  18.8 30.8 46.2 27.3 16 30.2 

41-50  6.3 7.7 7.7 27.3 6 11.3 

51-60  18.8 7.7 15.4 36.4 10 18.9 

Over 60 6.3 0.0 0.0 0.0 1 1.9 

Position       

Teacher 87.5 84.6 100.0 90.9 48 90.6 

Other  12.5 15.4 0.0 9.1 5 9.4 

Grade Level Taught       

Middle (7-8) 12.5 0.0 0.0 0.0 2 3.8 

High School (9-12)  81.3 100.0 100.0 90.9 49 92.5 

Other (Not currently teaching K-12) 6.3 0.0 0.0 9.1 2 3.8 

School Type       

Public School District 68.8 75.0 76.9 90.0 39 76.5 
Community School, Charter School or 
Nonpublic School 18.8 25.0 23.1 10.0 10 19.6 

Other Institution 12.5 0.0 0.0 0.0 2 3.9 

Classroom Type       

Science only 93.8 92.3 100.0 90.9 50 94.3 

Math and Science 6.3 7.7 0.0 0.0 2 3.8 

Other or Multi-Subject Combinations 0.0 0.0 0.0 9.1 1 1.9 
 

1Percentages are based on those with valid response to item.  
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Appendix 1 
Physical Science and Chemistry Modeling Workshops 

Description of Teachers1 

—Continued— 
 

 
2015 Pre-Survey 

PHYS CHEM ADV ENG 
TOTAL 

N=53 
 N=16 N=13 N=13 N=11 N % 
Years of Teaching Experience       

Less than 1 year 21.4 33.3 15.4 9.1 10 20.0 

1-2 years 28.6 16.7 15.4 9.1 9 18.0 

3-5 years 7.1 25.0 38.5 0.0 9 18.0 

6-10 years 28.6 16.7 23.1 36.4 13 26.0 

11-19 years 14.3 8.3 7.7 45.5 9 18.0 

20 years or more  0.0 0.0 0.0 0.0 0 0.0 

Years Taught at Current School       

Less than 1 year 38.5 54.5 53.8 20.0 20 42.6 

1-2 years 30.8 18.2 15.4 20.0 10 21.3 

3-5 years 23.1 9.1 23.1 10.0 8 17.0 

6-10 years 7.7 9.1 7.7 50.0 8 17.0 

11-19 years 0.0 9.1 0.0 0.0 1 2.1 

20 years or more  0.0 0.0 0.0 0.0 0 0.0 

Highest Degree Received       

Bachelor's Degree 25.0 38.5 0.0 9.1 10 18.9 

Master's Degree 68.8 61.5 100.0 81.8 41 77.4 

Doctorate 6.3 0.0 0.0 9.1 2 3.8 

Degree Areas2       

Science Education 75.0 61.5 92.3 72.7 40 75.5 

Earth Science or Geology  12.5 15.4 23.1 0.0 7 13.2 

Mathematics Education 6.3 0.0 7.7 0.0 2 3.8 

Biology or Life Science 18.8 7.7 30.8 18.2 10 18.9 

Physics or Physical science 37.5 7.7 46.2 27.3 16 30.2 

Mathematics  6.3 0.0 7.7 0.0 2 3.8 

Chemistry or Biochemistry 25.0 46.2 38.5 45.5 20 37.7 

Environmental Science 12.5 0.0 7.7 0.0 3 5.7 

Engineering 6.3 7.7 23.1 18.2 7 13.2 

Other 0.0 0.0 0.0 0.0 0 0.0 
 

1Percentages are based on those with valid response to item.  
2Total can add to more than 100 percent, as respondent could obtain degree in more than one area.  
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Appendix 2 
Physics and Chemistry Modeling Workshops 
Districts and Other Schools/Status Represented 

 
District 
Count District/Charter/Private/Other N % 

1 Beachwood City Schools  1 1.9 
2 Big Walnut Local Schools 1 1.9 
3 Cleveland Heights-University Heights 1 1.9 
4 Columbus City Schools 5 9.4 
5 Dover City Schools 1 1.9 
6 Dublin City Schools 2 3.8 
7 Gibsonburg Exempted Village Schools 1 1.9 
8 Kent City Schools 1 1.9 
9 Lakewood Local Schools 1 1.9 

10 London City Schools 3 5.7 
11 Mason City Schools 1 1.9 
12 Maumee City Schools 1 1.9 
13 New Albany Plain Local 1 1.9 
14 Olentangy Local 3 5.7 
15 Pickerington Local 2 3.8 
16 Piqua City Schools 1 1.9 
17 Reynoldsburg City Schools 1 1.9 
18 South-Western City Schools 1 1.9 
19 Springfield Local Schools 1 1.9 
20 Swanton Local Schools 1 1.9 
21 Sycamore Community Schools 1 1.9 
22 Tiffin City Schools 1 1.9 
23 Upper Arlington City Schools 1 1.9 
24 West Muskingum Local  1 1.9 
25 Woodson County Schools 1 1.9 
26 Worthington City Schools 1 1.9 

 Charter - Horizon Science Academy 2 3.8 
 Charter - The Charles School 1 1.9 
 Private - Independent School 1 1.9 
 Private - Cincinnati Archdiocese 1 1.9 
 Private - Diocese of Cleveland 3 5.7 
 Other - Looking for job 2 3.8 
 Other - Science Consultant 2 3.8 
 Other - Graduate Student 2 3.8 
 Other - Out-of-state 3 5.7 
 TOTAL 53 100.0 
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Appendix 3 
Physics and Chemistry Modeling Workshops 
Opinions about Workshops and Initial Impacts1 

—Questions Ordered by Appearance on Survey— 
 

 
2015 End-of-Workshop 

PHYS CHEM ADV ENG 
TOTAL 

N=53 
 N=16 N=13 N=13 N=11 N % 
a) Adequate time was allowed for 

participants to reflect on and relate 
material to their experience and 
needs. 

93.8 100.0 84.6 90.9 49 92.5 

b) Participants’ questions and concerns 
were addressed effectively. 100.0 100.0 84.6 100.0 51 96.2 

c) I improved my content knowledge. 100.0 84.6 84.6 90.9 48 90.6 

d) I gained skills in complex thinking 
and reasoning. 93.8 100.0 84.6 90.9 49 92.5 

e) I gained skills in how to use inquiry in 
my classroom. 100.0 100.0 84.6 100.0 51 96.2 

f) This workshop contributed positively 
to my attitude about science. 100.0 100.0 92.3 90.9 51 96.2 

g) This workshop enhanced my 
confidence in teaching science. 93.8 100.0 92.3 90.9 50 94.3 

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

100.0 92.3 92.3 90.9 50 94.3 

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

100.0 69.2 92.3 90.9 47 88.7 

j) I have a better understanding of how 
to apply the science standards. 62.5 61.5 92.3 72.7 38 71.7 

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

100.0 100.0 92.3 100.0 52 98.1 

l) I would recommend this workshop to 
other teachers. 100.0 100.0 92.3 100.0 52 98.1 

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

75.0 76.9 76.9 100.0 43 81.1 

n) I feel better prepared to encourage 
science activities in my building. 100.0 92.3 84.6 100.0 50 94.3 

o) This workshop has helped me 
become a more effective teacher. 100.0 100.0 92.3 100.0 52 98.1 

p) Year 2 Workshop Only: The amount 
of guidance/structure was 
appropriate. 

NA NA 69.2 33.3 10 52.6 

 

1Percent 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 
Physics and Chemistry Modeling Workshops 
Increased Understanding from the Workshops1 

—Questions Ordered by Appearance on Survey— 
 

  
2015 End-of-Workshop 

PHYS CHEM ADV ENG 
TOTAL 

N=53 
 N=16 N=13 N=13 N=11 N % 
a) Effective applications of inquiry-

based instruction in classrooms. 100.0 100.0 100.0 100.0 53 100.0 

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

100.0 100.0 100.0 100.0 53 100.0 

c) Application of Ohio’s science 
standards. 53.8 75.0 100.0 72.7 36 75.0 

d) The technology required for effective 
instruction in science. 87.5 92.3 92.3 81.8 47 88.7 

e) Effective uses of alternative 
assessment. 68.8 92.3 100.0 100.0 47 88.7 

f) Strategies for facilitating change in 
science instruction in my building. 93.8 84.6 91.7 90.9 47 90.4 

g) Awareness of current research in 
science education. 93.8 76.9 100.0 90.9 48 90.6 

h) Ability to utilize current research in 
science education in my classes. 93.8 84.6 100.0 90.9 49 92.5 

 

1Percent 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 5 
Physics and Chemistry Modeling Workshops 

Workshop Activities Rated Worthwhile1 

—Questions Ordered by Appearance on Survey— 
 

 
2015 End-of-Workshop 

PHYS CHEM ADV ENG 
TOTAL 

N=53 
 N=16 N=13 N=13 N=11 N % 
a) Overall interaction with the other 

participants. 100.0 92.3 100.0 100.0 50 98.0 

b) Overall interaction with workshop 
facilitators. 100.0 92.3 83.3 100.0 48 94.1 

c) Modeling of inquiry. 100.0 100.0 100.0 100.0 52 100.0 
d) Examples on how to apply district 

standards. 53.3 76.9 75.0 66.7 33 67.3 

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

100.0 92.3 100.0 88.9 47 95.9 

f) Reading assignments (research 
articles). 81.3 92.3 91.7 90.0 45 88.2 

g) Discussion of reading assignments. 100.0 92.3 91.7 90.0 48 94.1 
h) Purchase of educational/classroom 

materials.  81.3 58.3 83.3 85.7 36 76.6 

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

0.0 0.0 100.0 100.0 17 100.0 

 

1Percent 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 6 
Physics and Chemistry Modeling Workshops 

Modelpalooza Presenters Rated Effective1 

—Questions Ordered by Appearance on Survey— 
 

 
PHYS CHEM ADV ENG TOTAL 

N=1-3 N=2-5 N=1-4 N=1-5 N % 
a) Session 1 – Fundamentals of 

Cooperative Learning – Kathy Harper 100.0 100.0 100.0 100.0 11 100.0 

b) Session 1 – Graphical Methods in 
Physics – Joe Griffith  100.0 NA NA 100.0 4 100.0 

c) Session 1 – Engineering in Chem & 
Phys Sci – Jamie Doup & Barb Shuba 100.0 100.0 100.0 100.0 7 100.0 

d) Session 2 – Starting Newtonian 
Physics w/ Momentum – Chas Deremer 100.0 100.0 100.0 100.0 10 100.0 

e) Session 2 – Preserving Academic 
Integrity – Sarah Palmer & Mary 
Whalen 

100.0 100.0 100.0 100.0 6 100.0 

f) Session 2 – Adding Informal Science 
Practices to Your Modeling Class – Ted 
Clark & Rebecca Riccardo 

100.0 100.0 100.0 50.0 10 90.9 

g) Session 3 – Modeling Atomic Theory – 
Alex Dotson, Lauren Stewart, Laura 
Swiatek 

100.0 100.0 100.0 100.0 13 100.0 

h) Session 3 – Center of Mass in AP 
Physics – Linda Bugosh, Bob Engels, 
Taylor Kaar & Michael Lerner 

100.0 100.0 100.0 100.0 10 100.0 

i) Session 3 –Modeling Biology – Jessie 
Dorman 100.0 100.0 NA 100.0 3 100.0 

j) Session 4 – Incorporating Engineering 
in Physics – Doug Forrest 100.0 100.0 100.0 100.0 7 100.0 

k) Session 4 – Strategies for the Student 
Who “Just Doesn’t Get It” – Rick Jacox 100.0 0.0 100.0 50.0 7 77.8 

l) Session 4 – Interactive Notebooks – 
Marie Wenzke 100.0 80.0 50.0 66.7 8 72.7 

 

1Percent 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 7 
Physics and Chemistry Modeling Workshops 

Teacher Opinions and Attitudes in OBR Pre-Survey and Post-Survey 1 

 
 Pre-Survey Post-Survey2 
 PHYS CHEM ADV ENG 

TOTAL 
N=53 PHYS CHEM ADV ENG 

TOTAL 

N=46 

 N=16 N=13 N=13 N=11 N % N=12 N=13 N=11 N=10 N % 
a) I have a good understanding of 

fundamental core content in my 
discipline… 

100.0 100.0 100.0 100.0 53 100.0 100.0 100.0 100.0 100.0 46 100.0 

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

62.5 76.9 84.6 90.9 41 77.4 83.3 84.6 90.0 100.0 40 88.9 

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

93.8 83.3 100.0 100.0 49 94.2 100.0 92.3 100.0 100.0 45 97.8 

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

87.5 69.2 100.0 100.0 47 88.7 100.0 92.3 100.0 100.0 45 97.8 

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

81.3 92.3 84.6 72.7 44 83.0 100.0 100.0 100.0 100.0 46 100.0*** 

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

68.8 38.5 92.3 72.7 36 67.9 83.3 92.3** 100.0 100.0 43 93.5*** 

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

87.5 84.6 100.0 100.0 49 92.5 100.0 100.0 100.0 100.0 46 100.0 

h) I believe I am an effective teacher… 93.8 92.3 100.0 100.0 50 96.2 100.0 100.0 100.0 100.0 45 100.0 
i) I am excited about teaching in my 

subject area… 100.0 100.0 100.0 100.0 53 100.0 100.0 100.0 100.0 100.0 46 100.0 

j) I am interested in networking with 
teachers and other professionals… 100.0 92.3 92.3 90.9 50 94.3 100.0 100.0 100.0 90.0 45 97.8 

 

1Percent of participants who indicated that they "Strongly Agree" or "Agree" with each statement. Percentages are based on those with valid response to item. 
2Statistically 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 < .05.  
***Statistically significant difference with p-value < .01  
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Appendix 8 
 Physics and Chemistry Modeling Workshops  

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

 
 Pre-Survey Post-Survey2 
 PHYS CHEM ADV ENG 

TOTAL 
N=53 PHYS CHEM ADV ENG 

TOTAL 

N=46 

 N=16 N=13 N=13 N=11 N % N=12 N=13 N=11 N=10 N % 
a) Classroom interaction involves a dialogue 

among teacher and students. 81.3 69.2 100.0 81.8 44 83.0 91.7 84.6 100.0 100.0 43 93.5 

b) Students generally work independently. 6.3 7.7 7.7 9.1 4 7.5 16.7**a 0.0 0.0 30.0 5 10.9 

c) Instruction emphasizes broad coverage 
of information with little depth. 6.3 15.4 7.7 0.0 4 7.5 8.3 15.4 18.2 10.0 6 13.0 

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

87.5 84.6 92.3 90.9 47 88.7 91.7 92.3 90.9 100.0 43 93.5 

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

0.0 15.4 7.7 0.0 3 5.7 25.0 7.7 0.0 0.0 4 8.7 

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

0.0 30.8 0.0 0.0 4 7.5 0.0 15.4 0.0 0.0 2 4.3 

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

50.0 15.4 46.2 45.5 21 39.6 58.3 23.1 54.5 40.0 20 43.5 

h) I differentiate my instructional                                                                                                
techniques based on student needs. 37.5 30.8 46.2 45.5 21 39.6 41.7 38.5 63.6 40.0 21 45.7 

 

1Percent 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.  

2Statistically significant differences highlighted are between follow-up responses compared to their pre-treatment responses for participants who responded to both surveys. 
aSignificant change was at the other end of the spectrum. More PHYS teachers reported that students were working in cooperative groups (increased from 67% to 83%). 
**Statistically significant difference with p-value < .05.  
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Appendix 9 
Physics and Chemistry Modeling Workshops 

Teacher Opinions and Attitudes in IRC Pre-Survey and Post-Survey1 

 
 Pre-Survey Post-Survey2 
 PHYS CHEM ADV ENG 

TOTAL 
N=53 PHYS CHEM ADV ENG 

TOTAL 

N=46 

 N=16 N=13 N=13 N=11 N % N=12 N=13 N=11 N=10 N % 
a) Virtually all students can learn to think 

scientifically. 93.8 100.0 84.6 100.0 50 94.3 91.7 84.6 100.0 100.0 43 93.5 

b) Students learn science best in classes 
with students of similar abilities. 31.3 46.2 53.8 9.1 19 35.8 16.7 46.2 27.3 40.0* 15 32.6 

c) I enjoy teaching science. 100.0 100.0 100.0 100.0 53 100.0 100.0 100.0 100.0 100.0 46 100.0 
d) I organize my curriculum around the 

textbook. 12.5 30.8 7.7 0.0 7 13.2 0.0 0.0** 9.1 0.0 1 2.2* 

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

87.5 92.3 76.9 81.8 45 84.9 91.7 100.0 100.0 100.0 45 97.8 

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

56.3 61.5 53.8 45.5 29 54.7 33.3 53.8 36.4 40.0 19 41.7 

g) Students should never leave science 
class feeling confused or stuck. 0.0 15.4 0.0 9.1 3 5.8 8.3 7.7 0.0 10.0 3 6.5 

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

81.3 61.5 92.3 100.0 44 83.0 91.7 92.3 90.9 100.0 43 93.5 

i) Some people are good at science and 
some just are not. 0.0 23.1 23.1 27.3 9 17.0 0.0 7.7 9.1 20.0 4 8.7 

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

81.3 92.3 92.3 100.0 48 90.6 100.0* 92.3 100.0 100.0 45 97.8 

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

37.5 38.5 7.7 27.3 15 28.3 16.7 38.5 9.1 0.0 8 17.4 

 

1Percent of participants who indicated that they "Strongly Agree" or "Agree" with each statement. Percentages are based on those with valid response to item.  
2Statistically 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 < .01 
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Appendix 10 
Physics and Chemistry Modeling Workshops 

School Support of Science Instruction and Teacher as a Resource1 

 
 Pre-Survey Post-Survey2 
 PHYS CHEM ADV ENG 

TOTAL 
N=53 PHYS CHEM ADV ENG 

TOTAL 

N=46 

 N=16 N=13 N=13 N=11 N % N=12 N=13 N=11 N=10 N % 
a) Most science teachers at my school 

would like to use an “inquiry” style of 
teaching. 

53.3 50.0 61.5 90.0 31 62.0 66.7 46.2 81.8 100.0 33 71.7 

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

80.0 50.0 76.9 60.0 34 68.0 91.7 46.2 90.9 40.0 31 67.4 

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

80.0 66.7 61.5 80.0 36 72.0 83.3 76.9 81.8 90.0 38 82.6 

d) I regularly serve as a resource for other 
science teachers in my school. 68.8 63.6 76.9 100.0 38 76.0 91.7 69.2 90.9 100.0 40 87.0 

e) I regularly serve as a resource for other 
science teachers in my district. 18.8 27.3 30.8 70.0 17 34.0 41.7 30.8 63.6 70.0 23 50.0** 

f) My principal is supportive of innovative 
approaches to teaching science. 86.7 45.5 75.0 90.0 36 75.0 83.3 69.2 90.9 88.9 37 82.2 

 

1Percent of participants who indicated that they "Strongly Agree" or "Agree" with each statement. Percentages are based on those with valid response to item.  
2Statistically 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 < .05.  
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Appendix 11 
Physics and Chemistry Modeling Workshops 

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

 
 Pre-Survey Post-Survey2 
 PHYS CHEM ADV ENG 

TOTAL 
N=53 PHYS CHEM ADV ENG 

TOTAL 

N=46 

 N=16 N=13 N=13 N=11 N % N=12 N=13 N=11 N=10 N % 
a) Manage a class of students who are 

using hands-on/manipulative materials. 87.5 76.9 100.0 100.0 48 90.6 100.0 100.0 90.9 100.0 43 97.7 

b) Use cooperative learning groups. 87.5 76.9 100.0 100.0 48 90.6 100.0 83.3 90.9 100.0 41 93.2 

c) Implement inquiry or discovery learning. 75.0 46.2 100.0 100.0 42 79.2 100.0* 91.7** 90.9 100.0 42 95.5** 
d) Present the applications of science 

concepts. 93.8 84.6 92.3 90.9 48 90.6 100.0 83.3 90.9 88.9 40 90.9 

e) Phrase questions to encourage more 
open-ended investigations. 81.3 69.2 84.6 100.0 44 83.0 100.0 75.0 90.9 100.0 40 90.9 

f) Use science equipment as an integral 
part of science instruction. 81.3 84.6 92.3 100.0 47 88.7 100.0* 100.0 90.9 100.0 43 97.7* 

g) Teach groups that are heterogeneous in 
ability. 68.8 46.2 84.6 90.9 38 71.7 91.7 83.3 81.8 100.0 39 88.6* 

h) Teach students from a variety of cultural 
backgrounds. 62.5 46.2 69.2 54.5 31 58.5 91.7 75.0** 81.8 77.8 36 81.8* 

i) Inform students of career opportunities in 
science. 68.8 69.2 100.0 63.6 40 75.5 100.0 75.0 90.9 77.8 38 86.4 

j) Use performance-based assessment in 
science. 62.5 38.5 69.2 81.8 33 62.3 75.0 91.7 72.7 88.9 36 81.8* 

k) Use portfolios to assess student progress 
in science. 26.7 0.0 38.5 36.4 13 25.0 41.7 50.0** 45.5 66.7 22 50.0** 

l) Encourage participation of females in 
science. 87.5 69.2 100.0 63.6 43 81.1 83.3 91.7 90.9 77.8 38 86.4 

m) Encourage participation of 
underrepresented minorities in science. 68.8 38.5 84.6 72.7 35 66.0 83.3 75.0 90.9 77.8 36 81.8 

 

1Percent of participants who indicated “Very Well Prepared” or “Prepared but Want More.” Percentages are based on those with valid response to item.  
2Statistically 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 
Physics and Chemistry Modeling Workshops 

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

 
 Pre-Survey Post-Survey2 
 PHYS CHEM ADV ENG 

TOTAL 
N=53 PHYS CHEM ADV ENG 

TOTAL 

N=46 

 N=16 N=13 N=13 N=11 N  N=12 N=13 N=11 N=10 N % 
a) Listen and take notes during 

presentation by teacher 93.3 84.6 23.1 45.5 33 63.5 58.3 66.7 18.2 50.0 21 48.8 

b) Watch the teacher demonstrate a 
scientific principle 60.0 69.2 46.2 45.5 29 55.8 66.7 66.7 18.2* 75.0 24 55.8 

c) Work in pairs/teams/small groups 100.0 92.3 100.0 90.9 49 96.1 91.7 100.0 100.0 87.5 41 95.3 

d) Read a science textbook 13.3 15.4 15.4 0.0 6 11.5 9.1 8.3*** a 18.2 0.0 4 9.5*a 

e) Participate in dialogue with the 
teacher to develop an idea 86.7 76.9 100.0 81.8 45 86.5 91.7 100.0 90.9 100.0 41 95.3 

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

60.0 53.8 92.3 81.8 37 71.2 75.0 91.7* 81.8 100.0 37 86.0 

g) Do hands-on/manipulative activities 86.7 61.5 100.0 90.9 44 84.6 100.0 91.7 81.8 100.0 40 93.0 
h) Write their reasoning about how to 

solve a scientific problem 46.7 53.8 61.5 63.6 29 55.8 91.7** 83.3 63.6 75.0 34 79.1** 

i) Learn by inquiry 46.7 30.8 92.3 72.7 31 59.6 66.7 75.0** 81.8 100.0* 34 79.1 

j) Use worksheets from textbooks 26.7 30.8 7.7 9.1 10 19.2 16.7 16.7 9.1 0.0 5 11.6 

k) Use teacher-created lessons 80.0 92.3 76.9 100.0 45 86.5 91.7 91.7 90.0 87.5 38 90.5 
l) Engage in reflective thinking/writing 

about what they are learning  42.9 38.5 23.1 54.5 20 39.2 58.3 75.0 54.5 37.5 25 58.1 

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

73.3 76.9 92.3 90.9 43 82.7 91.7 83.3 81.8 100.0 38 88.4 

 

1Self-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. 
2Statistically significant differences highlighted are between follow-up responses compared to their pre-treatment responses for participants who responded to both 
surveys. 

aStatistically significant change was at the other end of the spectrum. More teachers overall indicated that students read a textbook “Never” or “Once or twice a semester” 
(increased from 44% to 69%); the increase was also significant for the CHEM group, (up from 8% to 67%). 

*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 13A 
Physical Science and Chemistry Modeling Workshops 

Agreement with Engineering Practices Questions1 

 

 
2015 Pre-Survey 2015 End-of-Workshop 

PHYS CHEM ADV ENG 
TOTAL 

N=53 PHYS CHEM ADV ENG 
TOTAL 

N=53 
N=16 N=13 N=13 N=11 N % N=16 N=13 N=13 N=11 N % 

a) I am confident in integrating 
engineering practices into 
my science instruction. 

43.8 23.1 46.2 27.3 19 35.8 62.5 16.7 69.2 100.0*** 31 60.8** 

b) I am typically anxious about 
my preparation in the area of 
engineering. 

37.5 38.5 30.8 27.3 18 34.0 68.8** 25.0 38.5 50.0 24 47.1 

c) I currently have the 
necessary skills to integrate 
science and engineering 
practices into my teaching. 

50.0 7.7 30.8 36.4 17 32.1 62.5 33.3 69.2 100.0*** 33 64.7*** 

d) I am currently able to use 
science activities in my 
classroom. 

93.8 92.3 100.0 100.0 51 96.2 100.0 91.7 92.3 100.0 49 96.1 

e) I am currently able to use 
engineering activities in my 
classroom. 

43.8 7.7 38.5 45.5 18 34.0 75.0 8.3 69.2 90.0* 31 60.8** 

f) I am currently able to design 
and deliver science content 
with science & engineering 
practices. 

53.3 15.4 23.1 36.4 17 32.7 62.5 41.7 69.2* 100.0*** 34 66.7*** 

 

1Percent of participants who indicated that they "Strongly Agree" or "Agree" with each statement. Percentages are based on those with valid response to item.  
2Statistically 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 13B 
Physical Science and Chemistry Modeling Workshops 

Agreement with Engineering Practices Questions1 

 

 
2015 Pre-Survey Post-Survey 

PHYS CHEM ADV ENG 
TOTAL 

N=53 PHYS CHEM ADV ENG 
TOTAL 

N=46 
N=16 N=13 N=13 N=11 N % N=12 N=13 N=11 N=10 N % 

a) I am confident in integrating 
engineering practices into 
my science instruction. 

43.8 23.1 46.2 27.3 19 35.8 50.0 16.7 72.7 100.0*** 25 56.8** 

b) I am typically anxious about 
my preparation in the area of 
engineering. 

37.5 38.5 30.8 27.3 18 34.0 66.7 25.0 27.3 11.1 15 34.1 

c) I currently have the 
necessary skills to integrate 
science and engineering 
practices into my teaching. 

50.0 7.7 30.8 36.4 17 32.1 41.7 8.3 63.6 100.0** 22 50.0 

d) I am currently able to use 
science activities in my 
classroom. 

93.8 92.3 100.0 100.0 51 96.2 100.0 100.0 100.0 100.0 44 100.0 

e) I am currently able to use 
engineering activities in my 
classroom. 

43.8 7.7 38.5 45.5 18 34.0 50.0 16.7 63.6 88.9* 23 52.3* 

f) I am currently able to design 
and deliver science content 
with science & engineering 
practices. 

53.3 15.4 23.1 36.4 17 32.7 58.3 16.7 72.7 100.0** 26 59.1*** 

 

1Percent of participants who indicated that they "Strongly Agree" or "Agree" with each statement. Percentages are based on those with valid response to item.  
2Statistically 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 14 
Physics and Chemistry Modeling Workshops 

Better Understanding of Modeling/Teaching and Improved Student Performance1 

—Full Results— 
 

 2015 End-of-Workshop Post-Survey2 
 PHYS CHEM ADV ENG 

TOTAL 
N=53 PHYS CHEM ADV ENG 

TOTAL 

N=46 

 N=16 N=13 N=13 N=11 N % N=12 N=13 N=11 N=10 N % 

PHYS and CHEM             
a) I have a better understanding of how to 

teach physics effectively. 100.0 0.0 NA NA 15 83.3 100.0 25.0 NA NA 11 78.6 

b) I have a better understanding of how to 
teach physical science effectively. 92.9 55.6 NA NA 18 78.3 88.9 90.0 NA NA 17 89.5 

c) I have a better understanding of how to 
teach chemistry effectively. 60.0 100.0 NA NA 16 88.9 60.0 100.0 NA NA 16 88.9 

d) This workshop will help me improve 
student performance in physics.  100.0 0.0 NA NA 15 83.3 100.0 25.0 NA NA 9 75.0 

e) This workshop will help me improve 
student performance in physical science.  92.3 55.6 NA NA 17 77.3 66.7 87.5 NA NA 11 78.6 

f) This workshop will help me improve 
student performance in chemistry.  60.0 100.0 NA NA 16 88.9 80.0 84.6 NA NA 15 83.3 

g) I have a better understanding of how to 
teach science concepts in Ohio’s New 
Learning Standards in Science. 

57.1 100.0 NA NA 21 77.8 80.0 83.3 NA NA 18 81.8 

h) This workshop is helping my students to 
be better prepared for state 
assessments. 

100.0 84.6 NA NA 27 93.1 71.4 90.9 NA NA 15 83.3 

ADV and ENG             
i) I have a better understanding of how to 

use modeling in my classes. NA NA 91.7 100.0 17 94.4 NA NA 100.0 100.0 14 100.0 

j) This workshop will help me improve 
student performance in my classes.  NA NA 100.0 100.0 19 100.0 NA NA 90.0 100.0 13 92.9 

 

1Percent of participants who indicated that they "Strongly Agree" or "Agree" with each statement. Percentages are based on those with valid response to item.  
2There were no statistically significant differences between follow-up responses compared to their End-of-Summer Workshop responses for participants who responded to both 
surveys as measured by a Chi-square test. 
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Appendix 15 
Physics and Chemistry Modeling Workshops 
Participation in Modeling and Science Listservs1 

— IRC Pre-Survey, Post-Survey, and Teacher-Instructor Survey— 
 

  National Listservs Other Listservs 

  
Modeling 

Science in 
General Modeling 

Science in 
General 

 IRC Pre-Survey     

TOTAL 
(N=53) 

At least once a week 39.2 28.8 20.8 13.5 

Approximately once every two weeks 3.9 9.6 11.3 11.5 

At least once a month 3.9 3.8 7.5 3.8 

Less often than monthly 9.8 9.6 11.3 13.5 

Never 43.1 48.1 49.1 57.7 

ADV/ENG  
(N=24) 

 

At least once a week 75.0 43.5 3.4 41.7 

Approximately once every two weeks 4.2 17.4 10.3 12.5 

At least once a month 8.3 0.0 3.4 12.5 

Less often than monthly 4.2 13.0 10.3 12.5 

Never 8.3 26.1 72.4 20.8 

 IRC Post-Survey2     

TOTAL 
(N=46) 

At least once a week 60.0 24.4 33.3 10.0 

Approximately once every two weeks 2.2 12.2 11.9 10.0 

At least once a month 4.4 7.3 7.1 7.5 

Less often than monthly 11.1 9.8 9.5 15.0 

Never 22.2** 46.3 38.1 57.5 

ADV/ENG  
(N=21) 

 

At least once a week 76.2 29.4 38.9 11.8 

Approximately once every two weeks 4.8 23.5 22.2 17.6 

At least once a month 4.8 11.8 11.1 11.8 

Less often than monthly 4.8 5.9 5.6 11.8 

Never 9.5 29.4 38.9 47.1 

 Instructional Team Survey     

Instructors 
(N=10) 

At least once a week 50.0 16.7 30.0 11.1 

Approximately once every two weeks 0.0 16.7 0.0 11.1 

At least once a month 0.0 0.0 10.0 0.0 

Less often than monthly 10.0 0.0 0.0 11.1 

Never 40.0 66.7 60.0 66.7 
 
1Percentages are based on those with valid response to item.  
2Statistically significant differences highlighted are between follow-up responses compared to their pre-treatment responses for 
participants who responded to both surveys based on t-test. 
**Statistically significant difference with p-value < .05.  
***Statistically significant difference with p-value < .01. 
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Appendix 16 
Physics and Chemistry Modeling Workshops 

Teacher-Instructor Survey – Opinions about Modeling Workshops 
—Questions Ordered by Appearance on Survey— 

 

 

Teacher-Instructors 
N=10 

 Agree1   
N % Mean2 S.D. 

a) I enjoyed working as a Modeling Workshop instructor or 
intern. 10 100.0 1.00 .000 

b) Modeling has positively impacted participating 
teachers/faculty at my school. 9 100.0 1.00 .000 

c) Modeling has positively impacted students at my 
school. 10 100.0 1.00 .000 

d) As a result of the Modeling Workshops, science 
teachers/faculty at my school are collaborating to a 
greater extent. 

8 88.9 1.50 .756 

e) Working as an instructor or intern had additional 
positive impacts on my own teaching. 10 100.0 1.11 .333 

f) My collegial network has grown as a result of working 
with the Modeling Workshops. 11 100.0 1.00 .000 

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

2Lower mean score indicates a higher level of agreement, as “Strongly Agree” was represented by the value of 1 and 
“Strongly Disagree” had a value of 5.  

 


