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[Since this research article on Modeling Instruction in the pcb sequence is not readily available, I 
excerpt it, partly to help in teachers’ action research. Prof. Ling Liang took our ASU mechanics 
Modeling Workshop.  Ray Howanski leads chemistry Modeling Workshops.  Thus these two 
authors know the central tenets of Modeling Instruction.  The study was done in public schools 
near Philadelphia, PA. Ridley High School is the Modeling Instruction school.  -- Jane Jackson] 
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Abstract: 
The purpose of this study is to examine the effects of a model-based introductory physics 
curriculum on conceptual learning in a Physics First (PF) Initiative. This is the first comparative 
study in physics education that applies the Rasch modeling approach to examine the effects of a 
model-based curriculum program combined with PF in the United States. Five teachers and 301 
students (in grades 9 through 12) in two mid-Atlantic high schools participated in the study. The 
students’ conceptual learning was measured by the Force Concept Inventory (FCI). 
   It was found that the ninth-graders enrolled in the model-based program in a PF initiative 
achieved substantially greater conceptual understanding of the physics content than those 
11th-/12th-graders enrolled in the conventional non-modeling, non-PF program (Honors 
strand). For the 11th-/12th-graders enrolled in the non-PF, non-honors strands, the 
modeling classes also outperformed the conventional non-modeling classes. ... 
 
Methodology 
Given the empirical nature of our inquiry that explores differential effects of two science 
programs within their real-life contexts, a causal-comparative research design was adopted for 
this study (Gay et al. 2006). The impact of the model-based science program upon the 
development of student conceptual learning was measured by the conceptual test. The level of 
classroom implementation of the model-based instructional strategies was determined based on 
the classroom activity survey completed by students. In addition, classroom observations were 
also conducted in selected model-based lessons. 
 
Participants and Setting 
Before the study was launched, we identified and contacted multiple Mid-Atlantic high schools 
(including modeling and non-modeling, PF and non-PF schools) with carefully matched student 
demographics and the statewide, standardized reading and mathematics scores in our existing 
research database. Two schools responded to our invitation and volunteered to participate, each 
representing a different case: modeling with PF versus non-modeling with non-PF. There were 
five teachers and 301 students (in grades 9 through 12) involved in the study. The students in 
both schools were predominantly Whites (91–95%) from middle income households as defined 
by the state ($37,501– $57,000). The science courses studied in this paper were all one semester 
in length, for 85–90 min a day following a block schedule. 
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     In the school adopting the model-based physics program, all participating physics teachers 
completed a three-week long summer professional development course on modeling instruction 
at Arizona State University and then implemented the model-based physics program in their 
introductory physics courses. The course content is organized around a small set of basic models, 
including units such as ‘‘Free Particle Model—Particle with Constant Velocity,’’ ‘‘Uniformly 
Accelerated Particle Model (one-dimension),’’ ‘‘Particle Models in Two Dimensions,’’ and 
‘‘Central Force Model—Uniform Circular Motion.’’ Instruction is organized into modeling 
cycles which move students systematically through all phases of model development, evaluation, 
and application in concrete situations. Throughout the course, students model physical situations 
with multiple representational tools including verbal descriptions, diagrams/motion maps,graphs, 
and equations. 
     The use of model-based physics and chemistry curriculum programs is mandated by the 
administration in the modeling school. … In the modeling school, all honors students are 
required to take the modeling physics course in the ninth grade. Then, the students are channeled 
into Modeling Chemistry and Biology (BSCS Molecular Version) when they enter tenth grade. 
In grade 10, the students are highly encouraged to take AP Calculus and AP Physics B in grade 
11. With coordinated supports from both the school administration and the parents, the twelfth 
graders are counseled to take AP Physics C or AP Biology or AP Chemistry in addition to AP 
Statistics. Since the inception of the reformed PF with modeling instruction programs in fall 
2004, the student enrollment in the advanced placement science courses in the modeling 
school has dramatically increased from 21 students in 2005 to 123 students in 2007. 
     In the comparison school, students are required to take four science courses for graduation. 
All ninth graders take Earth and Space Science and tenth graders take Biology. Chemistry and 
physics are offered as electives at the eleventh and twelfth grades. Students may enroll in the 
introductory chemistry course with or without previously taking any physics course. The 
introductory physics courses involved in this study address topics in mechanics, waves, optics, 
and electricity. Students were also expected to conduct various experiments and develop skills in 
laboratory performance and reporting procedures. 
 
Instruments 
Force Concept Inventory 
The FCI was designed to assess students’ conceptual understanding of Newtonian mechanics 
(Hestenes et al. 1992/1995). The most recent version of the FCI consists of 30 multiple-choice 
items and focuses on the fundamental Newtonian concepts in kinematics, Newton’s three laws, 
and types of forces, etc. The FCI has been used extensively in physics education research and is 
considered as a reliable and useful assessment tool to evaluate the effectiveness of instruction in 
introductory physics courses within and outside of the United States. 
 
Instructional Activity Survey 
To examine the classroom practices, IAS was created based on the key features of model-based 
approach (Wells et al. 1995), the Fundamental Abilities of Inquiry emphasized in the National 
Science Education Standards (NRC 1996), and instructional survey items released from the 
Trends in International Math and Science Study. At the end of each course, students rated how 
often they completed various activities in class, such as ‘‘Develop conceptual models using 
scientific evidence,’’ and ‘‘Ask scientifically oriented questions.’’ All items in the IAS use a 
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four-point Likert- type scale (1 = Never or almost never; 2 = Sometimes; 3 = About half of the 
lessons; and 4 = Most of the lessons). 
 
Reformed Teacher Observation Protocol 
The RTOP, developed by the Evaluation Facilitation Group of the Arizona Collaborative for 
Excellence in the Preparation of Teachers (ACEPT), is a 25-item observation instrument to 
assess the reform-based and inquiry-oriented classroom practices. According to ACEPT, the 
RTOP has been found to be reliable, valid, and a good predictor of student learning (Sawada et 
al. 2002). Using this protocol, the observer responds to twenty-five statements, clustered around 
three main categories: (1) lesson design and implementation (e.g., the teacher begins the lesson 
by acknowledging and respecting students’ preconceptions and the students are engaged in 
exploration before formal presentation of concepts or definitions); (2) content, including both 
propositional and procedural knowledge, which emphasizes the development of coherent 
conceptual understanding, inquiry skills and metacognitive awareness; and (3) classroom culture, 
featuring decentralized communicative interactions and teacher/student relations that are more 
egalitarian with teachers supporting initiatives coming from students…. 
 
QUOTES FROM THE RESULTS SECTION: 
     In addition to the classroom activity surveys completed by students, two modeling teachers 
were observed three separate times, at the beginning, middle, and end of one unit or module 
during the semester. The RTOP scores for each of the classroom observations by teacher were 
presented in Table 6. 
    The teachers’ total RTOP scores are between 77 and 95 out of 100, indicating that both 
teachers’ classroom practices were generally in line with the model-based, inquiry- 
centered science instruction. There were teaching practices that were consistently observed 
across the classes: e.g., involving fundamental concepts of the subject in lessons, using a 
variety of means (models, drawings, graphs, manipulatives, etc.) to represent phenomena, 
and engaging students in groups to conduct inquiry. Some differences in teaching practices 
were also observed between the two teachers in teachers’ knowledge, in lesson design and 
implementation (respect for students’ prior knowledge, exploration preceding formal 
presentation), and in challenging of ideas and intellectual rigor. Overall, the greatest 
inconsistencies in teaching practices were found to be related to the lesson implementation and 
classroom interactions, such as the use of discourse, amount of student talk, and the degree to 
which the focus of the lesson was determined by student ideas and questions. 
 
QUOTES FROM THE DISCUSSION AND IMPLICATIONS SECTION: 
     This study is among the first to apply the Rasch modeling approach to the analysis of FCI and 
evaluation of the modeling physics program combined with PF on student conceptual learning in 
the United States. Our results indicate that the items on the FCI were unidimensional in their 
functioning. That is, the FCI measured one underlying construct, and was not simply a 
collection of varying items on force. This finding is consistent with the results reported in a most 
recent study with Rasch analysis of FCI scores of a Croatian student sample (Planinic et al. 
2010). 
 
     … we found that the model-based approach appeared much more effective than a 
traditional lecture-lab type instruction on student conceptual learning (with gain scores of 
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about 10 Rasch-scaled points higher), regardless of the grade level (ninth grade vs. eleventh and 
twelfth grade) and the course strand (Honors and non-Honors). Although starting with 
somewhat lower pretest FCI scores, the Honors ninth-graders in the modeling classes 
achieved statistically significantly higher post-FCI scores than the honors eleventh- and 
twelfth- graders in the non-modeling classes did. For the non- Honors eleventh and twelfth 
grade classes, the modeling students also outperformed peers in the non-modeling group as 
measured by the FCI scores. Our results are consistent with previous findings about the general 
efficacy of modeling instruction (Wells et al. 1995). 
 
    Our classroom activity survey and observation data indicate that the model-based, inquiry-
oriented approach was implemented in all modeling classes. The IAS [Instructional Activity 
Survey] reports revealed statistically significant differences in inquiry, modeling, 
communicating, and reflecting aspects of instruction between the modeling and non-
modeling classrooms. It appears that the following classroom teaching practices 
contributed most to the students’ enhanced conceptual learning: working in small groups 
to design and conduct experiments or investigations; writing explanations about what was 
observed and why it happened; writing about science in a report/paper on science topics; 
making presentations to the class on their investigations; and critically reviewing other 
peers’ work.  
 
     ... In our study, when using a model-based approach to teaching physics, scaffolded scientific 
discourse plays a critical role in the development of scientific understandings among students. 
Given the difficulties for some modeling teachers to guide students to conduct quality discourse 
in their model-based classes, on the one hand, we suggest that the development of teachers’ 
expertise in guiding scientific discourse should be a focus for extended time periods beyond 
a weeks-long summer modeling institute for teachers. On the other hand, the curriculum 
developers and master modeling teachers might help create carefully-written scaffolds that 
systematically embed reasoning and argumentation in the modeling instructional materials, 
as a support for students to construct stronger arguments and improve the quality of 
classroom discourse. 
    Whereas the 2005 national survey found no evidence that students were more likely to enroll 
in advanced physics or other science courses after completing the ninth- grade physics at PF 
schools (Neuschatz et al. 2008), student enrollment in the advanced placement science 
courses had increased dramatically at the PF school in our study— from 21 students in 
2005 at the beginning of the reform efforts to 123 students in 2007. In this particular PF 
school, in addition to the establishment of the model-based inquiry science programs, the 
teachers and administrators had made extra efforts to set the academic stage by soliciting 
parental support and setting high expectations of students. We think that it is the combination of 
the academic program and the school cultural factors that may have led to such positive 
outcomes. 
 
     The present study had some limitations that indicate directions for future research. First, our 
findings are limited in scope as we only examined the effects of the model- based curriculum 
with PF on student conceptual learning of mechanics in this study. Since there was a coordinated 
mathematics component in the physics first program in our study, we need to find out whether 
the PF group score higher on a physics test involving more quantitative problem-solving items, 
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even though prior research has indicated a positive correlation between students’ FCI scores and 
their quantitative problem-solving performances (Hake 1998). Other assessment tools should 
also be used to further examine student learning outcomes closely related to model-based 
curriculum program, such as their understanding of the nature of scientific models and 
development, their scientific reasoning levels, and their ability to construct models in 
various contexts to solve problems or generate new questions for further scientific 
exploration. … 
     … one may argue that the modeling classes covered fewer physics topics than in the non- 
modeling classes involved in this study, therefore, the modeling students would have developed 
deeper understanding of the force concept due to the time spent and the depth and width of the 
contents covered in the course rather than the differences in instructional approaches. This might 
be true and it could also lead to different research questions such as: What content and skills 
should be emphasized in a ninth-grade level (or eleventh-/twelfth-grade level) introductory 
physics course from a learning progression perspective? In what depth and width? 
Nonetheless, physics education research at both secondary and college levels has repeatedly 
indicated that the conventional lecture-type instructional approach is not effective in promoting 
student conceptual understanding, which is independent of teachers and the number of years of 
physics education (e.g., Hake 1998; O’Brien and Thompson 2009; Wells et al. 1995). … 
 
     Despite the above limitations, this study is significant in two ways: First, it used the Rasch 
modeling method in data analysis to further validate the widely used FCI research instrument and 
associated findings, whereas in most US- based physics education research literature involving 
concept tests, raw data (e.g., total scores, total percent scores, gain scores, normalized gains, etc.) 
were used and treated as if they were interval-level data. Second, the current study examines the 
effect of a model-based program combined with the increasingly popular Physics First approach 
using carefully-matched samples supported by both student concept scores and curriculum 
implementation data. The results warrant further research by means of experimental designs. 
More research on the sequence and coordination of science and mathematics courses 
should be conducted to inform both policies and practices in science education, particularly 
in the United States. 
 


