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Introduction Problem contexts
* Problem-solving is a ubiquitous activity in undergraduate physics classes. Code Definition Problems with a social context are often difficult and important
* Most PER on expert problem solving has studied experts doing intro-level problem:s. , : _ _ — _ ,
Experiment Setting up or using equipment, testing or calibrating devices, and collecting data.
Important Problem Context: Shared Results
d d h h 5 Programs Coding in specific programming languages (e.g. C++, Python, MATLAB, etc.).
How do we get students from €re... -..to here: Data Graphing, fitting, and manipulating data; error analysis and parameter extraction. “I think the most difficult problem that I've encountered there is with trying to convince people that
o — * _ _ . - _ - what's going on Is significant. For example, I'm looking at a particular type of noise. It's a fixed
Software Downloading and using software that is often unfamiliar and field-specific. coupling between pixels...it's something that occurs, and provably occurs, and I've got data that shows
‘E Math Equation solving or derivation and theoretical/analytic physics. this occurs, and which way this occurs, over what different control variables it changes, to what
_ _ _ _ o strength it occurs. But then, there's people that have been collecting data without applying this before,
A ball with mass 2.5 kg is moving in outer space with a velocity Models Simulating an experiment/theory visually to understand or make predictions. without even thinking about it before. So I have to convince them that this is something that matters -
of 6.0 m/s horizontally, and a box of mass 4.5 kg is moving with . . . . _ . i i :
a velocity of 4.0 m/s at an angle of 120° from the horizontal. The Collaboration Working with others (e.g.,advisor, group members) to accomplish common goals. that's going to affect their measurements, that maybe has already affected their measurements - and
two collide and stick together. | - _ _ - - can cause them to draw false conclusions, or cause them to throw out data that they could otherwise
(a)  Find the final velocity of the pair. Plans Establishing steps, setting project goals, and determining research direction. .,
(b) What would change if the collision took place near the USE.
surface of the earth? Shared Results Communicating findings with the broader scientific community through publication,
N presentation, or conversation. Difficult Problem Context: Collaboration
(PHYS 211 Activity Manual, RIT)
3 R
NanoPower Research Labs https://www.it.edu/gis/research-centers/nanopower “It's really difficult to get everybody to be In the same mindset and everybody to agree in the end
Research Questions: What types of problems are typical in research? What characterizes Many teChn'caI/SC'ent'f'c prOblemS occur In contexts that, yes youTre finished, and yes what you have is good dat_a and we don't need to do anymore W'th I
those broblems? bevond math & modelin the paper is finally ready to be in publishable form. So | think getting the data ready and then getting
P ‘ . )/ g all of the people you worked with to agree, has been a struggle.”
Goal: Inform undergrad curriculum developers about a broad range of relevant problem
types that could be included in curriculum. Important

60%

Study design Problem activities

 Semi-structured interview protocol

10 PhD student participated at a private * 30-45 minutes in duration ; .
entp P b 0% Code Definition
research university 1. Could you describe your overall PhD research — , , , — ,
_ i Designing Creating or constructing something (e.g., circuit, output signal, program, hardware/software
. project? 0% interface, etc.) to produce an artifact that meets a goal.
Research field Total Men Women Year1-2 Year3-6 2. What are some examples of routine problems do o Difficult Troubleshooting Debugging, finding errors, fixing equipment, and correcting mistakes.
Astronomy and 4 2 2 1 3 - - - - ’
Astrophysics you encounter on a dally basis while domg your Interpreting Results Understanding and making sense of results to find physical meaning in mathematics and understand
_ _ research? the mechanisms that explain the findings.
Material Science and 3 1 2 1 2 40%
Microfabrication 3. What are some examples of difficult problems Evaluating Options Finding the best solution, model, or approach to optimize results and maximize efficiency.
Optics and Imaging 3 3 0 1 2 you have encountered during your graduate 20% Assessing Quality Determining that results are good enough to move on, convince others, or publish.
research?
4. What are some examples of important problems 0%
you have encountered during your graduate Difficult and important problems are often open-ended
research? . Routine
I . ' Important
Analysis
40% 40%
1. lIdentifying Problems: From transcripts approximately 232 examples of problems. Two coders were used 20%
across all interviews to ensure inter-rater reliability. - 0%
Difficult
2. Labeled Problems by Type: We also double-coded these as relating to routine, difficult, or important 60%
. . . . . 0%
problems depending on where in the interview they were discussed. @ = o N o @ 40%
S N\ O & Q® > 20%
. : : : : & N\ S QY
3. Second Pass Emergent Coding: In a second iteration of coding, we labeled examples using an emergent &K © & D 0%
. . . . P &
coding strategy and collapsed codes into broader categories. For the second pass, two coders jointly > _
negotiated all categories, codes, and definitions. o Routine
. Routine Problem Context: Programs and Data 40%
Coding structure for PhD research problems | ) |
“One program | wrote In IDL was to calculate column densities for all these different 0%
. . . molecules._ o | also had programs in_ IDL that would fit a model to my emission lines. In Troubleshooting  Interpreting Evaluating Assessing
A 3 dimensional codmg structure emerged Xspec, which is the x-ray data analysis system that | use, | can call different models and fix Results Options Quiality
different parameters and different things | want and artificially change things. It will fit the
1. Context (Noun) 2. Activity (Verb) 3. Feature (Adjective) data for me. Alslo | reduce data t_oo, whlch Is taking data In Its very raw format from the Routine Problem Activity: Troubleshooting
Wh th bl What th bl What made th bl telescopes and I'll try to pull out information | want from it and get rid of bad events and
locaet;ed\;vas}hafzgoit em SOIVGerVC\j/CO)I;Sngf prooiem dlfﬁc;uf/‘?g e the problem things like that, ba_d data, ignore the bad data and find the good data. Like for my x-ray “Lots of times, it's something like a light source failing and needing to be replaced or just a
- e ' ' data, | have CCD images. But | can extract spectra from that, so | have to do that In the component of the equipment failing - like a vacuum chuck. Not holding vacuum anymore.
consist of: terminal. I have to do all these commands to tell it to do that. Then whatever process you're trying to go through that you want to work, it's not working the
way you want it to.”
Selected Refe rences Important Problem Context: Experiment and Data
Overview of problem solving in PER: “The first two years...I spent trying to build the sensors, because without them I have nothing. Now Important Problem Activity: Evaluating Options
1. J.L. Docktor and J.P. Mestre, Synthesis of discipline-based education research in physics, Phys. Rev. Sp. Top.- PER 10, the most important part is to figure out a way to calibrate these detectors and get some data, some _ o _ o |
020119, 6-13 (2014). | high quality data so | could say something about the utility of these things. Because my whole “I guess the biggest thing is trying to optimize the amount of experiments that you can
geseja“h on br°a: C'ass'f'gat:;“? of F:]mb'emf'”"’b':‘g AR o .8 dissertation is based on not so much on can these thing be built, but what is their utility in different do in a limited amount of time, and trying to identify as early on as possible what
' 6%”_38555?;656) - Toward a design theory of problem solving. Educational fechnology Research and Development 48, fields of remote sensing? Can they be used in astronomy, for what applications? Can they be used in avenues look the most promising. We wanted to try a bunch of different substrates, so
3. Jonassen, D., Strobel, J. & Lee, C. Everyday problem solving in engineering: Lessons for engineering educators. Journal remote sensing, fgr what applicatigns? Biomedical imaging? Maybe. So | need to get that data and we're recrystallizing things on top of something.
of Engineering Education 9, 139-151 (2006). actually analyze it and come up with these answers. ”
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