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Review of prior studies, mostly at the K-12 level, along with long-
answer responses and interviews given to undergraduates at 
Grove City College, have identified ~150 alternate conceptions 
about buoyancy.  To probe prevalence among college-age 
students, we designed and administered multiple-choice and 
free-response questions at the University of Washington (UW) 
and Grove City College (GCC).  This poster presents some results.

ABSTRACT INTRODUCTION AND DESCRIPTION OF METHODS

We are currently seeking other institutions to 
beta test assessment and survey drafts, as we 
determine which conceptions are prevalent 
in our target audience.  Sign up below, 
or email djwagner@gcc.edu to volunteer!

YOU CAN HELP!
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 A multitude of studies have identified a plethora of student conceptions about buoyancy, which one author is organizing into a taxonomy [1]. 

 We identified several alternate conceptions that we regarded as less likely to be held by a large fraction of college students. We wanted to test this hypothesis, in part because one of 
the authors is developing a standardized assessment for buoyancy and deciding which distractors to include.  In addition, these conceptions were not addressed in the few buoyancy 
studies at the college level, such as Ref. [2].

 Questions probing the selected conceptions were developed.  These were asked at both a large public research-one university (UW) and a small private 4-year liberal arts college GCC.   
These were in multiple-select format, often followed by a request for explanations of reasoning. 

• UW:  Versions of the questions were included on online “pretests” administered over multiple quarters of the calculus-based sequence (UWCalc).  These were given before 
students had worked through a tutorial [3] on pressure.  The lectures had covered pressure, but not buoyancy. 

• GCC:  The questions were included on two versions of a bubble-sheet assessment given at the beginning and end of the semester in calculus-based (GCCCalc), trigonometry-based 
(GCCTrig), and conceptual courses (GCCCncp). Instruction in each course included a 2-hour workshop either using or inspired by a tutorial on buoyancy [3]. 

 Due variations in testing methods and timing, and the impossibility of matching of pre/post data at GCC caused by giving multiple versions of the assessment, we do not compare 
populations or comment on the effects of instruction.  Instead, this poster addresses the prevalence of apparently naïve conceptions in various college populations.

 Abbreviations in tables:  W16, S16, Su16, and F16 for Winter, Spring, Summer, and Fall 2016, respectively; vA and vB are different versions administered during the same term.

Four Conceptions, Questions, and Results
“Sticky liquids” “Direction of buoyant force depends on depth”

The “jar” question
The “triangles” question

Conception: “Sticky liquids make things float” (with no other 
description).

(Identified in a study of middle-school students [4].)

Question based on a closed jar containing 
just enough marbles to remain fixed when 
released underwater, as shown.

Three parts:  (1) What would be the final location of the jar if 
the water were replaced by oil?; (2) Which justification(s) 
below did you use in answering the previous question?; and 
(3) How did each justification lead to your conclusion about 
the final location of the jar in oil?

Conception:  Floatability is an inherent property of a 
substance.  For example, a “floater,” like cork, placed inside a 
sunken object will raise the object to the surface. 

(Identified in many studies, for example, Ref. [4].)

Results

For the jar justification question, the “sticky” option (A) was 
selected by ~10% or more of most populations.  Two 
common ideas were:
• “stickiness” provides a buoyant effect:  

“Since vegetable oil is ‘stickier’ than water, it would 
cling [to the jar], preventing it from sinking…”
“[the jar remains fixed at A in oil] because cooking oil 
is sticky.”

• oil yields an “anti-buoyant” (enhanced sinking) effect:
“… oil is more adhesive than cohesive, so it will be 
easier for objects to move through oil molecules than 
… through water molecules.”

In a prior study by one of the authors [1], an interview 
subject expressed an animistic quality:  

“I thought of the molasses swamp in candy land … 
perhaps because [maple syrup is] sticker it might be just 
like [suction sound effect] ‘oh you're mine.’”

Results

Students could indicate a belief that the direction of the 
force by the water changes from down to up as the depth 
increases in two ways:  

Part 1: Choosing an upward force for B and a downward 
force for C (Up/Down)

Part 2:  Selecting the “Depth” option B for the justification 
question (Incl. Depth)  

Some students did only one or the other; others did both. 
The graph above shows the fraction of students in each of 
those three categories.

• ~10% to 20% chose Up/Down on Part 1

• ~20% and 45% included “Depth” on Part 2. (Incl. Depth)

• ~5% to 15% were consistent on both parts 1 & 2: 
(Up/Down on Part 1 and Incl. Depth on part 2)

“Water line divides floating/sinking parts of 
floaters”

The “cut object” question

Conception:  An object that floats partially submerged is 
comprised of a sinking portion and a floating portion, divided 
by the water line.

(Identified in a study of 7-14 year old students [5].  Nearly half 
of the 76 subjects claimed that if the part of the object above 
the surface is cut off, the part below the surface would sink.)

Results “Inherent floatability”

The “marbles” question

Conception:  The force exerted by water on a person is 
upward when that person is just below the surface but 
changes to downward as the person moves deeper.

(Identified in interview by one of the authors [1].)

Two parts:  Students asked to indicate the direction of the 
“total force exerted by the water on each object” and to 
answer the justification question shown below.

Results
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CONCLUSIONS
 Contrary to our expectations, each of these alternative conceptions was present 

among a non-negligible fraction (at or above the 10% level) of most of our populations.

 The results of this investigation can serve as a reminder, even for experienced 
instructors and physics education researchers, that university students (including those 
in calculus-based courses) may hold what can seem like relatively naïve ideas.  

More than 15% of each population said adding cork inside 
the container (option A) could cause the container to float.  
Common ideas included:

• cork has “inherent” buoyancy:  

“cork has a greater buoyancy so it would increase the 
buoyancy of the system.” 

(This conception seems almost pre-causal:  cork is 
animistic in its ability to lift the object.)

• difficulties with density

“cork might counteract the weight of the marbles,” 

“filling the container with cork … can make the 
density of the object decrease ….”

The graph above shows the fraction of non-contradictory, 
non-null responses that included option D (the bottom 
might sink) but not option C (the top might sink).  

(A contradictory response was one that included 
incompatible choices, i.e., both A and B or both E and F.)  

More than 15% of all populations except the GCC calc-based 
class gave such a sink/float response.

Which of the following possible justifications did you use to decide 
whether the forces exerted by water on objects B and C are in the same 
direction, opposite directions, or zero?  Select all that apply.
A. The objects are not accelerating, so the water does not exert a force on the object.
B. The direction of the force exerted by the water is affected by the object’s depth 

under the surface, or the amount of water above and below the object.
C. The direction of the force exerted by the water is affected by the base area of the 

object.
D. Both objects are moving downward, so the direction of the forces on them is the 

same.
E. The direction of the force exerted by the water is affected by the direction the 

object sides are slanted.
F. The direction of the force exerted by the water is affected by the tension in the 

string supporting the object.
G. The force exerted by the water is a reaction to other forces acting on the object, so 

its direction depends upon the direction of other forces.
H. The direction of the force exerted by the water is independent of object shape, 

orientation, tension forces, and depth.
Students told to treat liquids as incompressible and that 
cooking oil is less dense and ‘stickier’ than water. 

Question based on 
two triangles: B and C 
with same orientation 
but different depths. 
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