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moment dynamics of the groups’ efforts at problematizing and sensemaking, with a specifi
   –     
(Damşa et al., 2010), inquiry (Keifert et al., 2018), and scientific practice (Pickering 1995) –
d doesn’t) in the students’ 
work. Our analysis suggests several influences on the students’ agency, including features of 
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

Rather than guide students toward “discovering” canonical results, curriculum developers have been designing 
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empirical discrepancies. These labs aim to promote students’ problematizing (Phillips et al., 2017) and 
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–






adopt Miller et al. (2018)’s definition of epistemic agency as “students being positioned with, perceiving, and 
acting on opportunities to shape knowledge building” (p. 1058). In our case, lab is designed to provide students 
udents’ perception of these opportunities, which 




      tly answer the question “what is it that’s going on here” 
  

   



              

            

similarly found that students framing lab as “about demonstrating a target idea” and that destabilizing this framing 









şş


ş


  ş         


agency centered on the experience of participants engaged in inquiry; their lens “focuses





   

       ” (p. 2). Specifically, Keifert et al (2018) examine the 


Additionally, we use Pickering’s (1995) account of experimental science as a dance of agencies to 
connect the students’ enactment of epistemic agency to disciplinary practices. In this view, scientists set up an 


to knowledge, in the data it produces. The dance is between scientists’ agency and the materials’ –“a dialectic of 
resistance and accommodation” (p. –         





northeastern United States. The data were produced as part of a project to study students’ thinking in labs designed 












  





Like in Hammer et al., (2018), the team considered a range of theoretical scales, from individuals’ thinking 




            

semester: investigating Galileo’s claims that the period of a pendulum does not depend on either the mass of the 




to provide an “unambiguous statement” of whether their data do or do not deviate from Galileo’s claims. We turn 



            








                  

               







Students’ data 








   

              





 



wonder what about like how we’re doing it is making
 

 

something else that we’re doing that’s making it change just a little bit. Although 
it’s very 

 I wonder if it’s, um, friction. Like, is it—
—



Peter immediately sees the data as “clearly” showing “slight changes” in the period with amplitude, 
         

experiment: something they did made the data change in this way. With Holly’s question about what is supposed 
                  





  —
like it’s decreasing very slightly as you decrease the amplitude

 



But like, I know, theoretically we shouldn’t be seeing any effect. So I’m 
wondering what about what we’re doing is making it look like that.

 I don’t know. Like, yeah, like where is our error coming from?
 Uh… also, what 





In line 8, Judy begins to argue that the amplitude does have an effect on the period. Her saying “but” 
suggests she distinguishes her interpretation from Peter’s and Holly’s; that the


In line 9, Peter acknowledges the logic of this reasoning, that “it would seem” the period changes, based 


                

me the problem they need to solve as finding the source of their "error.”
               



they refine their understanding of what is the problem to solve. For both Damşa et al. (2010) and Keifert et al. 
              

             




Following Holly’s comment in line 
from. Judy does not participate. Instead, after Peter remarks “Although it’s very consistent for some reason” (line 






 I wonder if error could also be in the drop itself. Like if you don’t just like 
tly away, like if it’s like cushioning it at all. 
But like, I don’t know how that would

 Yeah and, I mean, would that have a larger effect at higher drop height? That’s 






   

 I don’t know. I mean actually it might
 It might. Cause I think, like I’m doing my best to release the ball at once and 

obviously I’m not
 Right. I see and there’s nothing you can do to make that better, unless you have 



like there’s no way to remedy that.
 

would be a larger effect at a higher drop. I mean, say it’s staying exactly where it 


 Um, well I don’t know. Cause like if you only bring it out to here it has more 


almost falls over] […] If you bring it up here, like it has lik—well it’s not 
like we’re going passed 45 degrees, but like there’s more velocity in the y 
direction up, up at a higher point… maybe



Holly suggests a possible physical effect that might affect the pendulum’s motion, perhaps in releasing 


physical mechanisms that might explain the trend in their data. It is possible Judy’s critique had an influence –


 





Indeed, the troubleshooting seen above embodies Pickering (1995)’s description of scientific practice as 


              

             

"resistance” (Pickering 1995) on the part of the materials. Holly’s and Peter’s work here involves grappling with 















 Cause, yeah um, it looks like it’s really linear.
 

 
 —uh…
 Guys we just disproved Galileo’s theory
 It’s a literal 
 No no no, it’s it, this is not a straight line for the reason you think this is a 



 But like it’s so straight, like the line is like
 I mean the reason it’s straight is because we’re, this isn’t an actual x



 Oh, I’m so silly [laughs]


Judy’s sharing her spreadsheet prompts Peter and Holly to shift their attention back to the data. 
at the clear, “straight line” of the graph, Holly and Judy conclude that they have disproved Galileo, that amplitude 


now exclaims “we just disproved Galileo” (line 45). From her tone, it is not clear how much she believes this 
                 







   



direct evidence of the mistake, but we reproduced what we suspect it was: they included the word “seconds” in 


–
–“I’m so silly” –

, asking, “Can somebody else attempt this, I’m, maybe I’m just terrible at Excel but it’s literally just not 
letting me” (line 59). For the rest of the lab session, Judy’s participation is notably diminished.

We return to the students’ work as they examine    




 
 Yeah, it could just be from like error. But they’re all like 1.3 something, {like 

they’re very close—
 That’s, that’s that’s} the issue, it’s cause this was, uh, was 1.28 here and 










 It’s interesting how much closer the 40


 

 —


 It’s possible. Yeah I think it would probably be easier to measure for larger 
amplitude because we are, you know, it’s a more extreme peak

 

 



In addition to her comments in lines 64 and 68, Holly’s body language –
–






backed explanation, she now seems to view the data as relatively consistent. That said, Peter’s 


              

informing Judy’s new explanation. Recall the dispiriting        
contributed to her shift. Additionally, that she says “just” seems to indicate that the abstract notion of “error” is a 




              







–
–
envisioned: “disciplined human agency and captured material agency 
” (p. 17). Holly and Peter claim here that 
 –  –


Starting in line 74, Peter returns to tweaking the formatting of their plots. First, he seeks to plot “exact” 




                





   


















 

 Unfortunately, it’s not super horizontal
 

zoom this out, uh, if I go from like 0 to 2, like it’s 


 



 

 



               

“Unfortunatelyit’s not super horizontal.”


it’s close enough to it’s 
face, Peter’s explanation is not based in physical or mechanistic reasoning –




                  









Part of what makes Peter’s invitation for Judy to participate notable is that Judy is largely absent from 
the later discussions. Judy responds to Peter’s question by letting him know that she can’t even see the graph that 








the end, despite Peter’s invitation to participate, she 




out graph it appears that Judy agrees with Peter’s explanation. Less 





students’ “engage students in knowledge construction—
science, rather than receivers of facts” (Miller et. al. 2018, p. 1056)      






Holly, Judy, and Peter’s encounter with anomalous data –
–












   

            

              

                 



students focused on producing or aligning their data with what they presumed to be the “correct” answer. As 
s et al. (2021) point out: “if a group of student expects to reproduce known results in the lab, they regard 


by them” (p. 2). Indeed, as we see



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a hand in articulating the overarching question driving their experimental work, then they cannot be “truly 
in scientific and engineering practices” (p. 4). Once again, Holly, Judy, and Peter’s commitment to an 
–







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






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             
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mselves to support students’ epistemic agency.
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