
Figure 4: Comparison of lab excerpts from Analytical Physics IIA Lab course before transformation (left column, 2013) and after transformation to ISLE-cycle-based labs (right column, 2016).6 
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Figure 10: Coding and summary of student comments extracted from end-of-semester surveys for Analytical Physics IIA Lab course. 

Figure 3: ISLE Cycle diagram.5 

Figure 6: ECLASS10 data for pre- and post-tests done respectively at the start and end of Analytical Physics IIA Lab, 

before (left, blue) and after (right, red) transformation efforts.  

Figure 5: Scientific Abilities Rubrics6,7,8,9 progress from either Lab 1 or Lab 2 compared to Lab 11 from Analytical Physics IIB Lab course. 

• LO development encourages team discussions in which faculty reflect on years 

of teaching experience and discuss valued skills and knowledge, empowering 

faculty to change curriculum. 

 

• Faculty team creation, discussion, and implementation of LOs encourages 

shared vision. Shared vision is the least-studied change category but has great 

potential to be transformative.2 

 

• LOs created with faculty teams ensure their individual values are taken into 

account while developing a shared vision, encouraging flexibility rather than 

restricting faculty freedoms.3 

 

• Transforming measurable learning objectives (MLOs) into course curriculum and 

mapping MLOs to research-based assessments addresses the common criticism 

by physics faculty that research-based assessments are limited and do not 

measure the skills, perceptions, and concepts relevant to their course.4 

Figure 8: End-of-semester student survey standard deviation of averages from Fall 2013 (blue) 

compared to Fall 2016 (red) for Analytical Physics IIA Lab course. Effect sizes: medium (*), large (**).   
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Table 2: An example of mapping course activities for the 1st week of Analytical Physics IIA to Sequence Level LOs. 

Unit Level  

LO 

Figure 1: LO structure for a multiple-course introductory physics sequence for engineering majors. 
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LO 

Findings 

Course Structure 

Overview 

• Rutgers University has just completed its second year of a transformation of the E&M and Modern Physics portions of 

its introductory calculus-based physics sequence and the associated labs - involving ~800 students per semester - from 

a traditional structure to one that includes ISLE-based labs.  
 

• The change strategy has been one of developing a shared vision, both at the department level and at the level of the 

team of more than ten faculty and staff members responsible for teaching the courses.  
 

• In this poster we discuss the process of collaboratively developing learning objectives, the emergence of a collective 

recognition that the ISLE laboratory structure is uniquely well-aligned with the faculty designed learning objectives, an 

ongoing large scale lab transformation, preliminary measures of effectiveness at meeting the learning objectives, 

lessons learned, and future plans.  

Even when the reforms team has a solid philosophy of lab improvement and experience in writing curriculum materials, several other features contribute to our success at Rutgers.  
 

We list these essential features of our progress at Rutgers below, not in the order of importance: 
 
 

• Leadership:   Full support, buy-in, and cooperation from department administration as well as PER champion(s) and leader(s) of the reform efforts. 

• Collaboration and Consensus:   Close collaboration of lecturers and recitation planners with lab designers to ensure close connections of all parts of the course. 

• Professional Development:   Commitment of lab coordinators and instructors to the learning objectives of the course and relating these to the learning objectives of every lab. Weekly professional 

development that integrates achievement of learning objectives with weekly lab activity and equipment training, and explicit instructional training on interactions with a highly diverse population of students.  

• Grading System:   Flexibility in the grading system that encourages students to revise and resubmit their work based on instructor feedback and enhances students’ learning experiences in the lab. 
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I. Disseminating:  CURRICULUM & 

PEDAGOGY  
 

Change Process: Tell/Teach individuals 

about new teaching conceptions and/or 

practices and encourage their use.  
 

Ex: dissemination/training 

II. Developing: REFLECTIVE TEACHERS  
 

Change Process: Encourage/Support 

individuals to develop new teaching 

conceptions and/or practices.  
 

Ex: reflective practice, curriculum 

development 
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 III. Enacting:  POLICY  
 

Change Process: Require/Encourage 

new teaching conceptions and/or 

practices.  
 

Ex: policy change, strategic planning 

IV. Developing:  SHARED VISION  
 

Change Process: Empower/Support 

stakeholders to collectively develop new 

environmental features that encourage 

new teaching conceptions/practices.  
 

Ex: institutional transformation  
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Figure 2: Lab transformations drive recitation and lecture 

activities. 

Table 1: Overview of four change categories summarized from science education research, faculty development research, and higher education research literature.1 

Transformation of DC 

Circuits Lab  

  
 

ISLE Cycle  

Figure 7: End-of-semester student survey averages on a Likert scale from Fall 2013 (blue, prior to 

lab transformation) and Fall 2016 (red, after lab transformation) for Analytical Physics IIA Lab 

course.  Effect sizes: medium (*), large (**). 

Activities presented as fragmented steps with no transitions. 
There are minimal opportunities for a student to monitor 

progress. 

Structured to tell a story 

Activities presented as separate experiments that are cohesive 
and advancement depends on the prior experiments. Students 

constantly self-assessing with rubrics. 

Students not given problem to solve. Instead given step-by-
step procedure towards one solution.  

Focus on Scientific Abilities in addition to content 

Students presented with problem. Students prompted to observe, 
test, and apply throughout labs by building various skills. 

Minimal objective stated with focus only on procedural skill. 

Statement of Lab Learning Objectives 

Goals stated at beginning of every lab along with rubric 
elements that will be graded. 

Student Comments 

Before Transformation  

(2013) 

After Transformation  

(2016) 

Prompt:  “What do you like best about this course?” 

Figure 9: Students engaging with ISLE lab. 

• Students show less deviation from expert thinking after ISLE 

labs (2016) compared to traditional labs (2013).  
 

• Students are more engaged in scientific inquiry. 
 

• Students are encouraged to make decisions based on 

reasoning, and encouraged to learn how experimental probes 

operate and why they are necessary tools for exploration. 
 

• ECLASS statements not included here show no significant 

differences before and after transformation. 

Scientific Abilities (SA) 

Rubric Items 

ISLE Labs  

Available on the Web 

SA Rubrics Website 

F1: Is able to communicate the details of an 

experimental procedure clearly and 

completely 

Rubric F: Ability to communicate scientific 

ideas 

C2: Is able to design a reliable experiment 

that tests the hypothesis 

Rubric C: Ability to design & conduct an 

experiment to test an idea / hypothesis / 

explanation or mathematical relation 

C4: Is able to make a reasonable prediction 

based on the hypothesis 

Rubric D: Ability to design & conduct an 

application experiment 

D4: Is able to make a judgment about the 

results of the experiment 

D7: Is able to choose a productive 

mathematical procedure for solving the 

experimental problem 

Rubric 

Item 
Rubric Description 

ECLASS 

Statements 

(Q#) 

Sequence 

Level MLOs 

C2 
Design experiments 

to test hypotheses 
15, 21, 27, 28 

HM1, HM3, HM4 

ML3, ML4, ML5 

PW4 

C4 
Articulate predictions 

based on hypothesis 
23, 26 

HM1 

ML4, ML5 

PW4 

F1 

Communicate 

experimental 

procedure 

10, 12, 15, 21, 

22, 26, 29 

HM1, HM4 

PW3, PW6 

D4 

Make judgment 

about experimental 

results 

21, 22, 25, 27, 

28, 29 

HM3, HM9  

ML3, ML4, ML6  

PW4, PW6 

Comment Description 
2013 

(n=658) 

2016 

(n=653) 

Hands-on learning 40 66 

Real world connections, practicality 4 8 

Visualizing physics relationships 9 32 

Applying what was learned from 

other course activities (e.g., lecture) 
9 31 

Collaborating with others 4 20 

Designing own experiments 0 13 

Total responses for all prompts 512 838 

 
 

“It led us to make our own hypothesis and create our own 

experiments to prove them”  
 

“Because of the problem solving nature of this lab, our 

group was forced to solve problems by ourselves without 

relying on the TA to give us answers. We were forced to 

approach problems in multiple different ways.” 
 

“It has shown me how to think and analyze within a group 

to get things done” 
 

“I really enjoyed the feeling of finally completing an 

experiment and really understanding the physics behind 

it after getting really frustrated and felt like giving up.” 
 

“This lab is not effective and useless, I don’t blame the 

instructor I blame whoever designed the lab. I didn’t learn 

much since I always had to figure out how to make my 

own experiment (which was a waste of time) rather than 

following instruction and learning how everything works.” 

Table 3: Matching of SA rubric items to ECLASS statements and Sequence 

Level MLOs. 
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