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Introduction Pre-Lecture Quizzes (Undergraduates) 

Timeline 

 

 

 

 

 

Course Structure 
 

The course is a semester-long, masters-level course. Offered 

every other year, it is open to  grad students and to students 

who have taken two semesters of honors quantum mechanics.  

Text: Simons’ Solid State Basics [10] 

 

 

 

 

 

 

 

 

 

 
 

Student Information 
 

• 2 cohorts 

• 17 total students; 14 male, 3 female 
 

• Total 2 grad students 
 (1 in physics, 1 in mechanical engineering) 

 

Activities 
• Pre-lecture questions (23 assignments, 110 total questions, 

103 repeated in both cohorts) 

• Pre-post conceptual assessment (23 and 25 questions, 

respectively) 

• Interviews with a different population (3 graduate student 

volunteers) 

Physics education researchers have a long history of improving 

physics courses through iteratively developing instructional 

materials and conceptual assessments to ensure learning goals 

are being met [1, 2]. This has been extended from introductory 

courses to advanced courses [3], and in some cases even to 

graduate-level courses [4,5]. However, there has been little 

work on upper-level special-topics courses such as courses on 

condensed matter/ solid state physics. 

 

The pioneering work that has been done in the condensed 

matter context has been focused on laying much-needed 

foundational work. For example, Sharma et al. [6] describe the 

potential disconnect between the focus instructors and 

evaluators in the Indian education system, and the resulting 

frustration for students. A few other notable works have 

examined expectations of students in a solid state course, and 

developed a list of canonical topics critical to the field[7], 

individual subtopics (such as the Fermi energy) [8], and 

nanoelectronics applications [9]. 

 

The goal of this exploratory study is to investigate potential 

student difficulties with a selection of condensed matter 

concepts and to pilot test a collection of prelecture questions 

for an upper-level special-topics condensed matter course. 

Observed difficulties were also the subject of interviews with 

students finishing a graduate-level condensed matter course. 

Methods 
 

The findings above indicate that a number of important topics in 

condensed matter may prove difficult for students from the 

undergraduate level through the graduate level. Strong candidates for 

such topics include the mechanism of ferromagnetic ordering, and 

subtle aspects of band structure. Additional candidate topics can be 

drawn from Table 1.  

 

Significantly more work is needed to ascertain whether prelecture 

questions improve learning gains. But the questions developed as part 

of this study do seem to be useful to students. They also seem to be of 

the appropriate difficulty level, since the average score on the first 

attempt is 60%. They also do not appear to be excessively easy or 

difficult, since the average number of required attempts was 1.9.  

 

Ideally, future work will involve collaboration between physics 

departments. Undergraduate special topics classes often have low 

enrollment, and are often not offered every year. Collaboration would 

improve the study’s statistical significance and ensure broad 

applicability of the developed materials. 

 

 

 

Conclusions 
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In designing the pre-lecture quizzes, we worked closely with the course 

instructor to coordinate the quiz content directly to the lectures and to the 

readings. The instructor treated the quizzes as a regular course 

component, used the feedback to guide the lectures, and intends to use 

them when teaching the course in the future. 
 

The pre-lecture quizzes were: 

• Around four questions each. 

• Conceptual, requiring little to no computation. 

• Typically in multiple-choice (MC) or multiple-select (MS, multiple 

correct answers) format, with a few true-false (TF) questions. 

• Concluded with a place to give feedback to be addressed in lecture. 

• Completed online by the students via Ohio State University’s learning 

management system. 

• Available from the day before until one-two hours before each 

lecture. 

• Could be attempted an unlimited number of times (The highest 

attempt was graded). 

 

Question difficulty best gauged by 

• Score on first attempt 

• Total number of attempts 

 

Student participation in the quizzes was high. Students also retook the 

quizzes until they demonstrated mastery, as is reflected by the 

improvement in the average grade from students’ first to final attempts 

(60% to 94%). 

 

 

 

 

 

 

 

• Taken online using OSU’s course management 

system 

• Points given in course for participation 

• Questions were open-ended 

• Correctness was graded 0-3 according to 

     0: no attempt or nothing at all correct 

     1: Some true statement, but very weak 

     2: Mostly correct, but missing some points 

     3: Complete and correct 

 

Students understanding improved in quite a few 

areas, but also decreased in several areas. 

Pre-Post Conceptual Assessments (Undergraduates) 

Sample Questions and Results 

Sample Questions 
 

 

 

 

10% 

20% 

35% 

35% 

Grading Scheme 

Pre-Lecture Quizzes (23) 

Final Paper 

Homework 

Midterm & Final 

 

 

 

 

 

Interviews (Graduate) 

Proxies of Question Difficulty 

Performance and Question Types: 

First Attempt Av. Score 60% 

Final Attempt Av. Score 94% 

Comparison of Required Attempts 

t p d 

MS-MC 6.0 < 0.01 1.2 

MS-TF 7.4 < 0.01 1.7 

Type # Av. Attempts 

MC 45 1.5 

MS 52 2.3 

TF 6 1.2 

All 103 1.9 

 

 

Correct Answer: (a), (b), (c) 

Common errors: leaving out (c), including (d) 

11% answered correctly on first attempt. 

Student feedback: 

•  “Can you explain why those graphs in Question 2 are conductors?” 

•  “Can you explain the relation between being insulator and E vs. k 

graph?” 

Q2: Consider the figure above which illustrates one of the 

differences between an ideal conductor and a superconductor. 

Which of the following statements is/are true? 

(a) In each of these situations, the ideal conductor follows 

Maxwell’s equations, but the superconductor does not. 

(b) Cooling the superconductor below TC changes its 

thermodynamic state. There is no such change in the 

thermodynamic state of the ideal conductor. 

(c) After cooling past TC, B = 0 for both the superconductor 

and the idea conductor. 

(d) When Bext is turned off in the second process above, 

internal currents are induced in the ideal conductor, 

maintaining a magnetic field. Since B = 0 inside the 

superconductor, no currents are induced at any point. 

Mechanism of Ferromagnetic Interactions 

Hall Effect 
Hall effect: accumulation of a transverse voltage on a current-carrying 

slab in a magnetic field (Lorentz force), identifying charge carrier type 

(hole or electron). 

 

Students were prompted “Explain  the Hall Effect” and/or “How can 

H.E. be used to determine carrier type?” 

There exists a misconception that dipole-dipole interactions could be 

used to explain ferromagnetic interaction between neighboring atomic 

magnetic moments. All three students either agreed that this is the case, 

or fell back onto this as a possibility when they were not able to explain 

the correct mechanism for FM ordering . 

•  Students 1 & 2 could draw the setup, but not connect to carrier type 

•  Student 3 claimed “You can apply a voltage across the sample and see 

which way the current goes.” Student could not elaborate on how one 

“sees which way the current goes” and did not mention a magnetic field. 

•  Student 3 was unsure whether a magnetic field is needed, or  “…if that 

is only needed in the spin Hall Effect”. 

Correct answer: (b), (c) 

Common errors: including (a), including (d) 

No one answered correctly on first attempt. 

Student feedback: 

•  “I did not fully understand the discussion of the differences 

between an ideal conductor and a superconductor” 

•  “Can you go over the differences between cooling in a 

magnetic field versus cooling with no external field for both 

ideal conductors and superconductors?” 

Assessments 

Scores on questions students answered 

particularly well, or especially poorly: 
Q2: As the temperature of a solid increases, the 

vibrations between atoms or unit cells increase in 

amplitude. But that means they experience greater 

expansions between atoms AND greater 

compressions. Why then, does this result in a net 

expansion of the material in most cases? 

Post only: 100% correct 

Q1: Consider the figure below. Please describe the 

physical meaning of the horizontal axis.  

Q3: Give a specific deficiency of mean field theory. 

Correct answer: Many possibilities. It overestimates 

transition temperatures, ill-suited to treatment of 

disordered solids or phenomena dependent on 

inhomogeneous fields, etc. 

Post only: 19% 

Errors: “I don’t know”, and “it is an 

approximation” (the latter was worth partial credit) 
Post: 90% 

Error: “The vectors between atoms, along bonds” 

Correct answer: (c), (d), (e), and (h)  

Common errors: (a) and (b) 

22% correct first attempt 

Student feedback:  

•  “I guess I don’t understand Question 3 (primary 

vectors) because I can’t seem to get it right.” 

•  “Why does a vector through two lattice points not 

count as a primitive vector”? 

Q3: Below is a representation of a 2-D square lattice, with 

several vectors drawn in, pointing from one lattice point 

to another. Which of the following pairs of vectors 

constitute  valid choices of primitive vectors? Select all 

that apply. 
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Interviews 

Q1: Which of the following band diagrams represent(s) a conductor 

at zero temperature? Select all that apply. 
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