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“Yeah so your professor and your 
TA’s and even like your classmates… 
they give you new information and 
then it’s your job to figure out how 
much extra studying outside of  it 
[lab] you need to do. How much 
you need to re-read the material and 
study it or like find a new way to 
re-explain it to yourself, so you 
understand it and that’s what the 
hard work is. Especially if  you are 
someone with a lower aptitude for 
chem lab.” (Marge)

“Intelligence/ability is and like how well you’re 
able to use an instrument … and that ability is 
just applied. Either you kind of  know it or don’t…I 
think effort is more of  like a choice in the 
moment of  like okay I’m going to put more 
effort into making sure this is accurate.” (Harry)

“It can mostly be just like brainless 
type work. Oh get me 10 mL of  this, 
oh and then you just need to look and 
make sure it’s level…Yeah just the 
doing the actual measurements or 
whatever, it’s the not the going past 
that and understanding why you’re 
making those measurements and 
what you’re doing with them.” 
(Erik)
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• In the undergraduate chemistry laboratory…
• how do students describe their ideas about effort and ability?
• how do students connect success to effort and ability?
• how do students’ mindsets shape their learning?

Research Questions
Preliminary Findings 

Prior Literature
• Little evidence exists for meaningful learning in the undergraduate 

chemistry teaching laboratory.1-3

• More research is needed to investigate how students’ experiences impact 
their learning in the laboratory.2-3

• Students’ self-theories of  intelligence can affect their academic 
performance over time when they face challenging work.4-5

• Students with differing mindsets define ability and effort differently.6
• Mindset is context-dependent and not well characterized in chemistry.6

Data Collection & Analysis

Ausubel and Novak’s Theory of  Meaningful Learning8-9

Theoretical Frameworks
Dweck’s Implicit Theories of  Intelligence5, 7

• Mindsets are beliefs about intelligence, effort, ability, and success.

Student beliefs
• intelligence is a malleable trait. 
• intelligence can grow through 

effort and learning opportunities

Student actions
• Create learning goals
• Master tasks and improve skills
• Embrace challenging tasks
• Receptive to criticism & feedback
• Understand own capabilities.

Student beliefs
• intelligence is a fixed quality. 
• intelligence arises from natural ability 

rather than effort.

Student actions
• Create performance (grade) goals
• Demonstrate competence to others
• Avoid challenging tasks
• Avoid looking dumb
• Outperform peers

Mindset Survey
(modified from Dweck4)

In-lab Observations
(video & audio)

Semi-structured 
Interviews

• Bretz & Yezierski Research Groups, Miami University
•General Chemistry Students & Instructors, Miami University

Acknowledgments

• Students ideas about effort and ability differ when they’re 
asked to describe these terms, and also how they 
demonstrate effort and/or ability while performing 
experiments.

• Students differ in their ideas about what it means to be 
successful in lab, and the amount of  effort/ability needed 
successfully complete experiments in lab.

• Students recognize that time and/or effort is necessary to 
understand and learn laboratory concepts meaningfully in 
chemistry lab.

Preliminary Conclusions Future Work
• Inductively code data to examine emerging patterns and themes.
• Using findings from qualitative data to inform and develop a 

chemistry-specific assessment of  mindset in the context of  the 
undergraduate chemistry laboratory. 
• Collect quantitative data with mindset assessment tool in fall 2020.
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# Survey Responses

Gen Chem I (N = 738)

Gen Chem II (N = 430)
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Agree                                              Disagree

0.7 % 1.4 % 6.2 % 10.8 %
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22.5 %

Q4. “To be honest, you can’t really 
change how intelligent you are 
in a chemistry lab.”
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Q3. “Your intelligence in a chemistry 
lab is something about you that 
you can’t change very much.”
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Strongly         Agree           Disagree        Strongly 
Agree                                                     Disagree

Q2. “You can learn new things in a 
chemistry lab, but you really can’t 
change your basic intelligence.”
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Q1. “In chemistry lab, you have a 
certain amount of  intelligence, 
and you can’t really do much to 
change it.”

Q: When you don’t successfully complete a chemistry lab 
experiment, would you attribute that more of  a lack of  
effort on your part or more to a lack of  ability?

“I feel like the more effort I put in beforehand the 
more successful I feel, like the less effort I do, I end 
up not understanding what to do and then it just 
causes confusion all over.” (Scarlett)

“I think if  I didn’t put in like any effort into any 
lab I don’t think it would happen…on the lab 
write-ups I guess that’s where most of  the effort 
comes in, in the ability I think is the actual 
experiment.” (Veronica)

Q: What percentage would you 
attribute to success in lab 
due to ability and due to effort? 

“I’d say 70% ability and 
30% effort…when I see the work already I’m like 
“okay I know what’s gonna happen… it’s just like 
this” I have that prior knowledge that helps me 
along with doing the work…” (Scarlett)

“I think it’s 75% effort, and 25% ability…you get 
the data from the lab, from the experiment which 
I thought based on ability and in order to do well 
in it, I guess it takes me more time…”  (Veronica)
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