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Abstract

Problem-solving strategies physics undergraduates learn should prepare them for

real-world contexts as they transition from novices to experts. Yet, graduate students

in physics-intensive research face problems that go beyond "problem sets" they

experienced as undergraduates and are solved by different strategies than are

typically learned in undergraduate coursework. We conducted semi-structured

interviews with ten graduate students to determine problem-solving strategies they

found useful in their research. We coded these interviews using emergent and

grounded theory approaches. Our findings explore problem-solving strategies (e.g.,

planning ahead, breaking down problems, evaluating options), contexts (e.g.,

designing software and troubleshooting equipment), and characteristics of successful

problem-solvers (e.g., initiative, persistence, and motivation). Graduate students also

relied on representations such as test cases, approximations, and simulations in their

problem-solving process. Understanding problem-solving strategies, contexts, and

characteristics has implications for how we approach problem-solving in

undergraduate physics and physics education research.

Introduction
Problem-Solving in Physics Education Research:

• Problem-solving is at the heart of undergraduate physics education, and 

teaching students to develop their problem-solving skills has been an 

emphasis of PER for several decades [1]

• Problem-Solving in PER is typically limited to introductory level courses 

(e.g., Young, 2016 [2])

• Problem-solving is often viewed as interplay between a given problem with 

the existing knowledge and abilities of the solver, but what happens when 

the problems differ from given problems used in class or research?

Preparing for Future STEM Careers:

• Research summaries of 21st century skills highlight problem solving and 

critical thinking, among others [3]

• Problem solving is coupled to social interactions and intra-personal skills [3]

• Minimal research on experts solving expert-level problems (e.g., 

professional practice of physicists) necessary for STEM career preparation

Research Questions

1) What strategies do graduate students report 

using to solve problems related to their research?

2) In what ways are these strategies used to solve 

routine problems and difficult problems they 

face?

Findings
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Methods: Analysis

In semi-structured interviews, students were asked to describe 1) their overall research project, 2) any 

routine, difficult, and important problems they faced, and 3) how they solved those problems, which 

we refer to as strategies. Students were also asked to consider characteristics of good problem solvers 

in graduate school. 

1. Identifying Strategies: We used interview transcripts to identify approximately 370 

examples of problem-solving strategies, which we defined as anything the students did 

themselves in response to the problems they identified in their research. Two coders were 

used across all interviews to ensure inter-rater reliability.

2. Labeled Strategies by Problem Type: We also double-coded these as relating to routine, 

difficult, or important problems depending on where in the interview they were discussed.

3. Second Pass Emergent Coding: In a second iteration of coding, we labeled examples 

using an emergent coding strategy and collapsed codes into broader categories. For the 

second pass, two coders jointly negotiated all categories, codes, and definitions.

Methods: Study Design

• Interviewed ten PhD students at a private university about their experiences with problem solving 

as part of their research.

• The study population included participants from their first to sixth year of graduate study. 

• Six were males, and four were females. 

• Students' research specializations spanned a range of physics-intensive projects in astrophysics, 

astronomy, optics,  micro-fabrication, and materials science, and included a mix of theoretical 

and experimental methods.

Discussion

1. Planning often involved breaking problems down into smaller more manageable steps

 Planning is taught in undergrad, yet not well understood as a strategy in PhD research

2. Routine problems were typically solved by searching online for resources

 In undergrad courses, online searching is more likely considered cheating than a strategy

3. More difficult problems involved assessing the quality of results and social aspects of research 

(e.g., convincing others, developing a broad view of their research in their field)

 Yet, these specific strategies are rarely found in undergrad courses

4. Characteristics of good problem solvers also included taking initiative, even the initiative to ask 

others for help and persistence despite failure

 Such characteristics are valuable in PhD research, but rarely explicitly taught in undergrad

Code Definition

General strategies Broad strategies used to solve problems that apply beyond a specific 

situation

Develop broad view Looking broadly at the larger problem context and implications

Get help from peers Asking peers or someone in close proximity for help

Get help from 

professors

Asking research advisor or other professors for help

Plan ahead Making decisions based on potential outcomes of problem solving

Pursue alternatives Being flexible and open to multiple methods or solutions

Search resources Searching websites, literature, or tools as potential resources

Take initiative Increasing motivation, independence, or time spent tackling problems

Teach self Relying on self-instruction to learn new skills or concepts

Problem-driven strategies Strategies used to solve specific problems

Apply test cases Use example known cases to test possible solutions, often used for 

coding

Apply understanding Relying on prior knowledge or experiences that closely relate to the 

problem

Assess quality Determining the quality of a solution or method based on 

expectations of field

Break down Divide problem into smaller, more manageable problems or steps

Bring together Integrate multiple steps, strategies, or skills

Estimate Simplify problems using estimation or numerical approximations of 

solutions

Interpret findings Pull out information, find trends in data, or connect findings to 

expectations

Simulate Make simulations or models to predict or understand behavior of data

Trial and error Test various methods until one works or gives adequate results

Troubleshoot Determine where the problem is coming from and work toward 

correcting it

Characteristics of Problem Solvers

…

(SMBC, Weinersmith, 2013)
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Problem-Driven Strategies

• “Whenever I have a problem, now my technique is I just want to break the problem into small steps, 

and then go step by step...For example, I am working on a partial differential equation. First of all, I 

look up what kind of equation it is...I try that tool. Now I have another equation, so what I can do? 

It's an eigenvalue problem. Now I can use another tool...So knowing that technique - breaking the 

problem in steps - that's really helpful.”

• “You need to do this titration... and make sure that you're confident in your results.  Whereas in 

your lab report you can be like, `Human error. Maybe something happened. Maybe it wasn't the right 

amount.' But in lab, if you tell your boss that maybe it wasn't the right amount he's going to be like--”

General Strategies

• “The first thing I did or would do is look online to see if anyone else has solved it already. I would 

look in the literature and try to see if there's any relevant papers that have come out in the last 30 

years or so. Then if there are, then I'd take that down to maybe the last 15, the last 5, and see what 

the most recent thing might be, and try to use what the science has gone forward in time and see if I 

can get something that's the most recent.”

• I hate having to have a strict plan of this is exactly what's going on beforehand. But it's necessary in 

order to approach some of these problems. I try to just have a mental picture. I try to make it so that 

I've considered everything beforehand. 

• “Or having confidence to ask 

questions when you need it is 

also really helpful in terms of 

gaining confidence and the 

ability to solve problems.“

• “And when you're trying to solve 

problems yourself, …you're 

going to have to go through and 

try a lot of different methods, 

and deal with the methods 

failing many, many times, until 

you finally get something that 

works, or works better than what 

you were doing before.” 

(Piled Higher and Deeper, Cham, 2013)

Coding Dictionary


