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From cookbook experiments to inquiry-based science
Making the change from cookbook to inquiry.
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TABLE 1

Levels of Inquiry (Abrams et al., 2007) adapted from Schwab (1962) and
Colburn (2000b)

Source of Data Collection Interpretation
the Question Methods of Results
Level O0: Verification Given by teacher Given by teacher Given by teacher
Level 1: Structured Given by teacher Given by teacher Open to student
Level 2: Guided Given by teacher Open to student Open to student
Level 3: Open Open to student Open to student Open to student

Blanchard, Margaret & Southerland, Sherry & Osborne, Jason & Sampson, Victor & Annetta, Leonard & Granger, Ellen. (2010). Is Inquiry Possible in Light of Accountability?: A
@ ﬁﬁrﬁﬁ ﬁl F-.",:i;_ Quantitative Comparison of the Relative Effectiveness of Guided Inquiry and Verification Laboratory Instruction. Science Education. 94. 577 - 616. 10.1002/sce.20390.
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Traditional Curriculum Revised Laboratory Curriculum
Week 1 Week 2
Objective: Learn basic chemistry Learn basic chemistry Apply basic technique
laboratory techniques. laboratory techniques. to a unique problem.

Pre-Lob Work

Classroom Follow a prescribed Follow a prescribed Experimental Execute and
Experience: | Protocol with known protocol with known Design troubleshoot a self-
results. results, designed protocol

Write post-lab report

Asmmaiad W;T:Mr:g?:tl:;;: Document results in evaluating the results
o 34 laboratory notebogk and experimental
Wirite post-lab report. design

Farley, Elijah & Fringer, Victoria & Wainman, Jacob. (2020). Simple Approach to Incorporating Experimental Design into a General Chemistry Lab. Journal of

@ﬁﬁrﬁ&f ﬁlr-'.i_ Chemical Education. 98. 10.1021/acs.jchemed.0c00921.
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Table 4. The Problems for the CLP-BC with the inquiry-based SETS approach

= ° =] ] = i No Topies Problems for the inquiry-based SETSactivities
E = | ° E 7\ ﬁ, “\ O 1 Colligative Suppose you work in a company that produces methyl alcohol. ethyl alcohol. and

properties of isopropyl alcohol. Production emplovees suddenly forget to label the barrel
containing alcohol. The shipping department wants to know what type of alcohol
will be sent so they can put it in the appropriate truck. Your group is asked to
jj A %I %l qs_l ‘i /—— : ./ identify alcohol in the barrel The only available chemical known 1s tertiary

— q: S % % E /. -_ / \ A % butyl alcohol. All alcohol in the plant dissolves tertiary butyl alcohol.
7N = Ik, N 2 Chemical A homeowner is mterested in buying water purifiers that are often offered in

equilibrium several advertisements on TV, the internet. and other media. Before buying the
tool, the homeowner takes the mitiative to test whether he really needs water

the solution

\

on the

\ '7‘:' ZS A —_— P purification or not. Therefore. he requests the services of a consumer advocate to
— %U ﬂ:: = D E O /Q EI i ’ J/\ E — solubility check it. As a team works in consumer advocates, you are asked to check the
:[ :‘( nl LJ\ ; < - & E I = l hardness of the water owned by the homeowner. How do you check the water

hardness level, including hard water or soft water? Also. advise homeowners

\\>

about what should do!
x 3 Acid-base Vinegar and olive oil are the main ingredients in most salad dressings. Acetic
EI /__ ﬁ y titration acid 1s available in vinegar. Vinegar is an aqueous solution that contains acetic
% :: = acid as a solute. You are a member of the chemical analysis team. Your team is

asked to analyze the quality of supplied vinegar m a company because the
company has received complaints about the unsuitability of their dressings for
the served salad. Indeed. the condition of olive oil is not a problem. Your team is
asked to determine the concentration (molarity and percent mass) of acetic
acid in vinegar samples that the company has distributed to restaurants.

4 Solubiliry Water m the pool generally contains a number of dissolved calcium 1ons. The

Product swimming pool 1s purified with the addition of several chlornation agents.
Calcium hypochlorite 15 commonly used. Besides. calcrum ions emerge from
plaster lining the pond. Plaster is a hydrate of calcium sulfate. A swimming pool
company has recently contacted your group to address complamnts from several
customers. Customers have complained about plaster in the pool that began to
disappear after one year. The company wants to know how many plasters that
might be dissolved before the pool water becomes a saturated solution of
calctum sulfate. At first. the swimming pool mncludes soft water (non-hard water)
which does not contain calcium 1ons.

Voltaic Cells  Suppose your group 1s stranded somewhere in the sea and you have to tum on the
global positioning system (GPS). You do not have a replacement battery, but you
have a bag full of coms. How much voltage can you make from this coin to
make a battery?

Lh

Imaduddin, Muhamad & Hidayah, Fitria. (2019). Redesigning Laboratories for Pre-service Chemistry Teachers: From Cookbook Experiments to Inquiry-Based Science,
Environment, Technology, and Society Approach. Journal of Turkish Science Education. 16. 489-507. 10.36681/tused.2020.3.
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Granger, Ellen. (2010). Is Inquiry Possible in Light of Accountability?: A Quantitative Comparison
of the Relative Effectiveness of Guided Inquiry and Verification Laboratory Instruction. Science
Education. 94. 577 - 616. 10.1002/sce.20390.
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Experimental Design into a General Chemistry Lab. Journal of Chemical Education. 98.
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Imaduddin, Muhamad & Hidayah, Fitria. (2019). Redesigning Laboratories for Pre-service Chemistry
Teachers: From Cookbook Experiments to Inquiry-Based Science, Environment, Technology, and
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