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Inquiry-based instruction is a form of active learning that scaffolds investigation of authentic problems. It relies on collaborative activities that engage students in discipline-specific practices that promote the use of high-level cognitive skills –

analysis, decision-making, and evaluation. Inquiry-Based Laboratory (IBL) extends this approach to lab experimentation. Compared to traditional labs, IBL requires students to make decisions that are critical to the process – what methods to

use, what data to collect, etc. We report on a case study conducted in Fall 2021, featuring a design focus IBL implementation in a college Waves and Modern Physics course. The case study spanned the 15-week semester with students’

scientific reasoning assessed at three points: pre-test, immediate posttest, and delayed posttest. Students showed improvements in their scientific reasoning with positive changes to their epistemic beliefs – i.e., thinking more like scientists.
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Conclusions

• Incorporating IBL in a semester-long course is feasible for

college/university courses.

• Students showed improvements in their scientific

reasoning with positive changes to their epistemic beliefs.

• Designing IBL takes macro and micro level planning.

• Zone-of-Proximity scaffolding is critical to successful

implementation of IBL.

• Giving students opportunities to explore and make

decisions could be the first step to transition into IBL.
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Mapping the Inquiry-Based Labs over a semester of a Waves and Modern Physics course

Based on the Blanchard et al. (2010) model for levels of

inquiry, four IBL modules were developed, each with its

set of inquiry competencies and scaffolds. In the fourth

module, students had to design a musical instrument.

Week 1 – Prepare “Method Design” and some “mess about” in the lab.

Week 2 – Perform experiment. Collect data, analyze & interpret results.

Reflection on procedure. “Expert” analysis 

provided to students.

i) Reflect and describe the procedures they 

think provided the expert data.

ii) They reflect (compare/contrast) between this 

new procedure AND the one they used for their 

experiment.

iii) Prompt them to prepare a new “methods” 

for a SHM based simple pendulum experiment.

Perform experiment. Collect data, 

analyze & interpret results.

Provided to all: Data set, lab report 

guidelines & assessment rubric.

i) Individual Lab Report.

ii) Peer Assessment.

iii) Final Team Lab Report.

Summary of deliverables, each student will:

1. Build a musical instrument.

2. Present and play their musical instrument

in class (November 29). You should be

able to link your experiments to your final

product and be able to comment on the

instrument’s potential and limitations.

3. Complete the Instrument Specification

Sheet (December 1).

4. Conduct an experiment(s) based on a

research question(s) and prepare a lab

report (December 5).

5. Complete a “Peer and Self Assessments

and Learning Reflection” (this document

will be provided to you). You will have the

opportunity to assess your work and

contributions for the group, and to assess

your peers’ work and contributions

(December 8).

GIC = “George’s Ice Cream” activity (“Physics by Inquiry: An Introduction to Physics and the Physical

Sciences” by L. C. McDermott & “Development of procedural skills in science through the use of an

interactive database: an example from designing experiments” by M. Papaevripidou & C. P. Constantinou).

E = Topic-Specific Epistemic Beliefs Questionnaire

(“Dimensions of topic-specific epistemological beliefs as

predictors of multiple text understanding” by H. I.

Strømsø, I. Braten, and M. S. Samuelstuen).

The questionnaire measures four different dimensions

of epistemological beliefs about the topic of climate:

• Certainty of knowledge about climate

• Simplicity of knowledge about climate

• Source of knowledge about climate

• Justification for knowing about climate

Results – George’s Ice Cream
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Q43: “The only thing we know for certain about climate problems, is that nothing is certain”

Q16: “Within climate research, truth is unchanging” (Reversed scale; improvement shown)

Q22: “Knowledge about climate consists of highly interrelated concepts rather than an accumulation of facts”

Q04: “Within climate research, facts are more important than theories” (Reversed scale; improvement shown)

Q49: “When I read about issues related to climate, I try to form my own understanding of the content”

Q15: “Ordinary people have no basis for speaking about issues concerning climate” (Reversed scale;

improvement shown)

PRE-TEST:

• Majority of students could recognize that the variables were not controlled.

• Most inferred there was a dependent variable (DV), but none used the term DV.

• Most recognized that mass was a confounding variable, but none used the term.

• Half tried to explain why the results are muddled BUT did not clearly explain not being able to draw any conclusions

from the data.

• Some students talked about the data that have patterns and tried to draw some conclusions even when there are so

many confounding variables.

• Less than 10% explicitly said that there was insufficient data and that the experiment was flawed.

DELAYED POST-TEST:

• ALL students were able to explain the need to control variables and were able to distinguish DV and IVs (though only a

few named them as such).

• All students suggested there is confounding but less than 25% stated it clearly enough to be able to code it as such

(these students stated it as the need to make separate experiments).

• Main improvement – the need for more trials and suggesting a reason why.

• Half the students were explicit about needing more data to make better conclusions.

In summary: there is a modest improvement in their explanation of the problem with George’s experiment, but there

appears to be more confidence in making their claim.

Results – Epistemic Beliefs Questionnaire 


