
Assessing	  Students’	  Experimental	  Reasoning	  and	  Proficiency	  
in	  Elementary	  Laboratory

Keita	  Todoroki,	  Jennifer	  Delgado	  and	  Shanika	  Wanigasekara

【Objectives】
We aim to develop a set of questions to identify which specific
lab skills s tudents need improvement in, and thus provide us
effective ways to redesign the lab. For this preliminary test, our
focus is primarily on the following skill sets:

• Determination	   of	  the	  major	  source	   of	  uncertainty
• Interpretation	   of	  graphs	  
• Making	  good	  arguments

We first give free-‐response questions , identify what mistakes
students make, then we plan to utilize their answers to rewrite
the questions into multiple-‐choice questions.

Example:	  Main	  Question

Asks students what we could do to redo the
experiment, given the final results.
-‐ Purpose -‐
Test if the student can identify the major source of
uncertainty and make a quantitative argument on
how the results can be improved based on the
given data.

Is	  the	  student’s	   answer	  satisfactory?

NO YES

Do	  students	  know	  σ	  =	   (𝑠𝑡𝑎𝑡	  𝑒𝑟𝑟))+(𝑖𝑛𝑠𝑡	  𝑒𝑟𝑟)) ?	  	  

Do	  they	  know	  the	  error	   propagation	   formula	  ?

Do	  they	  understand	   that	  the	  relative	  uncertainty	  
determines	   the	  largest	  source	   of	  uncertainty	   ?

Which	  of	  the	  following	  components	  does
the	  student	  fail?

We design a set of problems, or probing questions,
each testing a specific skill/knowledge that is
required for them to make a good, quantitatively-‐
supported argument to answer the main question
correctly. These problems need to be ‘standalone’
and independent of each other.
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Example Main Question Results
The responses to the Example Main question in the
Methods portion of this poster are shown here.

(Multiple-‐choice)	   The	  total	  uncertainty	   is	  
given	  as	  σ	  =	   (𝑠𝑡𝑎𝑡	  𝑒𝑟𝑟))+(𝑖𝑛𝑠𝑡	  𝑒𝑟𝑟)) .	  	  

Yes

No

【Implications	  &	  Future	  work】
One of the major problems is that the students tend to be unable to apply the technical knowledge and skills to
identify themajor source of uncertainty and make a rigorous argument on how the experiment can be improved.
That is, they are not fully utilizing the quantitative results. Revising the labs to address the issue is a whole another
task and can often be challenging. However, identifying the specific pitfalls the students face through the test
shown as an example here provides us a firsthand clue on what topic to work on.

Example:	  	  Skill	  Based	  Probing-‐question	   1)

Example:	  Reasoning	  Based	  Probing-‐question	   2)

Get	  better	  
instrument

Take	  more	  
data

Both	  take	  more	  
data	  &	  get	  
better	  inst.

53%

97%

Data were taken among the calc-‐ & non-‐calc based
introductory physics lab courses during the summer
sessionof 2018. We gave 27 questions total and collected
about 30 valid responses. Most questions were in the
free-‐response form in order for us to better gauge the
students’ understanding on the subject.

Partially	  correct	  
responses,	   simply	  
mentioning	  taking	  
more	  data	  on	  ρ,	  
but	  not	  G.15%Incorrect/irrelevant	  

response

Simply	  stated	  to	  take	  
more	  data	  without	  
specifying	  ρ or	  G.

For this question, no one correctly identified that the
statistical for ρ and instrumental for G are the
dominant contributor to their overall uncertainties.

etc.

【Motivations】
Previously, we had developed a set of
multiple choice-‐based questions to
evaluate the students’ lab skills. The
results were intriguing, but they were
often not effective enough to pinpoint
the real issues as to why students are
failing on certain questions, obscuring
how exactly we could revise the labs. Yes	  	  

97%

The pdf version of this
poster is available at →
or	  at	   https://is.gd/ippczc


