Understanding life science majors’ ideas about diffusion
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Diffusion and osmosis are central concepts in biology that explain mechanisms of passive transport. While
biology education research has documented significant student struggles with these concepts, there are very
few studies from chemistry and physics education research that explore student understanding of these ideas.
Diffusion is a concept that cuts across disciplines and has important underlying physics principles that contribute
to students’ understanding of the process (e.g., a series of collisions resulting in a random motion process). In an
introductory physics for life science majors course we documented the initial ideas students have about the topic
of diffusion. We then designed a unit that leverages computational simulations to develop student understanding
of how elastic collisions underlie diffusive motion. We present findings from this preliminary study on student
resources for understanding diffusion, and discuss the implications for revising the curricular materials as a

result of our work.

I. INTRODUCTION AND BACKGROUND

The concept of diffusion is one that involves knowledge
from multiple disciplines and represents an important topic in
multiple science classes [1]. To date, however, the work ex-
ploring how students understand and learn diffusion has been
primarily limited to research in biology education [2]. From
a physics education perspective, only a single paper has ex-
plored ideas about diffusion, and that paper did not include
any student data [3]. Though it is not inherently problematic
that extant research on students’ understanding of discussion
is primarily grounded in biology education, because diffu-
sion involves knowledge from multiple disciplines, there is
merit in exploring the topic from another discipline’s context.
In this study we present preliminary data on the knowledge
about diffusion that students in an Introductory Physics for
Life Science Majors class bring into the course with them.
Using this information, we designed a unit focusing on com-
putational simulations that builds on the knowledge students
bring to the course. Our aim is to describe students’ incoming
resources in this study, the impact of such on our computa-
tion unit design, and the implications of this work for future
research and teaching.

II. THEORETICAL FRAMEWORK

The biology education literature primarily addresses diffu-
sion from the perspective of identifying and eliminating mis-
conceptions (see for example, [4, 5]). The problem with this
perspective (that of misconceptions, not of biology) is that it
tends to assume that students’ beginning ideas are unproduc-
tive and need to be replaced by conceptually correct ideas.
We instead approach the question of student ideas about dif-
fusion from a resources perspective [6], specifically using the
notion of resource as a way of thinking about a construct,
idea, or process—in this case, diffusion. This perspective al-
lows us to focus our instructional design on modifying the
resources students activate and to consider what additional

conceptual resources students might need to be activated. In
this study we bring a resources framework to understanding
the knowledge that students bring into class with them. We
acknowledge that students develop ideas from diffusion out-
side of physics classrooms, and thus in our work we leverage
the resources framework to explore the range of conceptual
ideas students bring to this topic.

III. METHOD

The context for this exploratory study is an Introductory
Physics for Life Science Majors course. The course was de-
signed to bridge content from physics and biology [7]. We
collected data across three sections of this course (with two
instructors) for a total of 124 students enrolled. Instructional
material on the topic of diffusion was introduced early in the
semester (week 5) by building from the topics of conserva-
tion of momentum and energy. The computational activi-
ties on diffusion were embedded in this week of the material.
To explore students’ resources for understanding diffusion at
the beginning of the semester, the instructors of the course
asked all students to respond to a discussion prompt in the
first week of the course. Instructors used the prompt as a
low-stakes homework grade and placed it on the university’s
online learning management system. Of the 124 students en-
rolled in the course, 119 responded. The prompt was:

This week in class we are going to focus pri-
marily on modeling diffusion through simula-
tions. In this discussion post I would like you to
put together a definition of diffusion. You may
use whatever resources are helpful to you, but I
will note that different disciplines will define this
term differently.

From the responses, the first author crafted an emergent
coding scheme for resources; the author team then met as
a group to discuss the emergent scheme and to aggregate
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them into a manageable list. As with any coding process,
it is important to note that categorization masks some of the
nuance in students’ responses; not every student’s response
that we marked in the “high-to-low” category, for example,
used that exact phrase. Moreover, a limitation of the data
arises from the medium itself, in that students could read oth-
ers’ responses and respond to those posts rather than writ-
ing their own unique post. After creating and solidifying the
coding scheme for student resources, the first author coded
students’ responses; the team then met again to discuss the
full coding, picking several responses randomly as a means of
spot-checking the first author’s work. In analyzing the data,
the first finding was that the majority of students used sev-
eral resources in their responses (see Table I). Then, in order
to explore how students used these resources in conjunction
with one another, we analyzed the connections between the
resources in student responses. To do so we used an odds
ratios [8] and associated confidence intervals (after checking
that the assumptions were met). We determined the likeli-
hood that—within the dataset—students who employed one
resource also employed another resource. From this work
came our second finding. Using our exploration of students
incoming resources for defining diffusion we then designed
an instructional unit that built from these resources. In the
final section of this paper we describe this unit and an initial
evaluations of the implementation.

IV. INCOMING RESOURCE ANALYSIS

A significant result from the coding of students’ discussion
forum responses is that the vast majority of students came in
with conceptions of diffusion tied to their course experiences
in biology and chemistry. This finding makes sense in that
physics is typically taken by the students after these other two
courses at our university. Table I shows the percentages of
students whose responses fell into each resource category. To
interpret the categories, note that any given category should
be interpreted as students having said that diffusion relates to,
involves, or applies to that category.

Notably, most students (84%) described diffusion as the
movement of things from a high area of concentration to one
with low concentration. We emphasize things to convey the
rich diversity of ways students described what was moving;
for some, it was the movement of particles or molecules in
an unstated space, while for others it was the movement of
particles within cells. For others yet, it was the movement of
Febreze particles in a room, or crowds of people at a concert.

An example of a student’s response that was grounded in a
biological context is below:

Diffusion is the movement of particles from high
concentration to low concentration. Osmosis
uses diffusion and a semipermeable membrane
to create solvents of equal concentrations. Os-
motic pressure is the pressure that prevents the
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TABLE 1. Pre-semester diffusion conceptions.

Conception of Diffusion Percentage of Students

(n =119)
High-to-low concentration 84%
Relates to energy 55%
Balance, homeostasis, or equilibrium 50%
Spreading or dispersing of particles 39%
Dynamic 30%
Randomness 27%
Concentration gradient 16%
Collisions 11%
Spreading of energy or momentum 10%

Entropy 8%

solvent from moving across the membrane that
wouldn’t be in equal concentrations ... [High-to-
low concentration]

Not only does this student use resources from biology to
descibe what diffusion is, but they also use mechanistic rea-
soning to explain how it happens. Causal reasoning—though
not directly requested in the prompt, or coded for in this
analysis—was common in many students’ responses.

In addition to the clear influence of previous courses on
students’ discussion of high-to-low, related remnants of prior
courses are also seen in the resources of balance (or home-
ostasis or equilibrium), and energy (manifesting most as pas-
sive or active transport), as seen in the examples below.

I have taken many science classes and I define
diffusion in a more biological sense rather than
physics sense (if there is one). When I think
of diffusion I think of a process in which a sub-
stance spreads from high concentration gradient
to low concentration gradient without the use of
ATP. It is a passive process that can be coupled
with active transport pumps, such as the Na-K
pump. Diffusion is used to get cells basic nutri-
ents such as O2 and N2. It is also used in big pro-
cesses involving neurons in the body. [Relates to
energy]

In a solution, the concentration of a solute will
favor a state in which it is uniform. In order to
accomplish this, molecules will move from an
area of high concentration to low concentration.
When no energy is required to do this it is re-
ferred to as simple diffusion. A special category
of diffusion is osmosis, the diffusion of water
across a barrier. [Balance, homeostasis, or equi-
librium]

Another result was that few students discussed collisions
or the spreading of energy or momentum in their description



of diffusion. This is an interesting finding, given that many of
these students had previously taken an introductory chemistry
course where collisions and interactions between particles are
emphasized [9, 10]. This is also an interesting finding as
these represent a set of resources that an introductory physics
course might expect to develop. As Table I suggests, and
highlighted explicitly in Table II, most students used more
than one resource in describing diffusion.

TABLE II. Discussion forum number of resources.

Number of resources Percentage of students

(n = 119)
0 1%
1 6%
2 22%
3 31%
4 17%
5 17%
6 6%

Notably, most students noted at least two resources, and
the majority (71%) had at least three resources they articu-
lated in their response. Of course, the number of resources
students used is not necessarily indicative of the complexity
or correctness of their response; rather, it gives us an indica-
tion more broadly of how many resources for understanding
diffusion students initially activated.

A. Links between resources

As discussed in the Methods section, we also utilized
odds ratios—which are measures of association between two
events—to understand statistical links between specific re-
sources within the dataset. An odds ratio of 1 or lower for
two resources a and b indicates that a has a likelihood that
is not mathematically affected by the presence of resource b.
An odds ratio greater than 1 indicates that a is more likely to
occur in the presence of b than when b is not present. Confi-
dence intervals at the 90% level resulted in meaningful odds
ratio intervals when the interval was outside of one. Of the 81
pairings of resources to form odds ratios, 11 were meaningful,
6 of which are in Table III. The 6 included in Table IIT were
chosen for their importance (in our view); other significant
pairings, such as that between high-to-low and the spreading
of particles, were of less interest, given that we would expect
them to be associated with one another.

Analysis of the confidence intervals for the odds ratios
yielded a few noteworthy relationships. To begin, the 100
students who used “high-to-low” as a resource were signifi-
cantly less likely to have also discussed collisions. Further-
more, those whose responses included the spreading out of
things other than particles, as well as those who described the

394

TABLE III. Odds ratio and confidence intervals.

Resource pair (a; b) Confidence interval

read as “a given b” for odds ratio

Relates to energy; spreading of particles  0.33 — 1.00

Entropy; relates to energy 0.02 - 0.65
Randomness; dynamic 4.59 — 23.30
Collisions; spreading of energy/momentum 2.00 — 16.70

Collisions; high-to-low 0.10 —0.72
Collisions; dynamic 1.42 —10.30

process as dynamic, were more likely to have included col-
lisions in their response. We highlight these statistical con-
nections because they center on concepts attended to in the
course and that—as discussed below—instructors used in the
designing of an instructional unit in the course.

V. IDENTIFYING STUDENT RESOURCES
POST-INSTRUCTION

In our Introductory Physics for Life Science Majors course
our goal is to design a unit that builds from the resources
students have for reasoning about diffusion discussed in the
previous sections. Our curriculum was designed to encour-
age students to activate resources from other course contexts,
though did not specifically build from the resources identi-
fied in the previous section. The unit on diffusion, which
lasted about a week during the semester, started from PER-
based curricular resources to develop students understanding
of conservation of momentum and energy [11], and then built
up a series of VPython computational programs.

Diffusion was used as a guiding context throughout the
semester and was a topic revisited on the final exam. Stu-
dents responded to a question concerning hypothetical stu-
dents’ discussion of a computational unit on diffusion. The
question required students to make connections between dif-
fering approaches to talking about diffusion (e.g., if Student
A discussed diffusion using a computational model, how does
that discussion relate to Student B whose discussion centered
on entropy?). Specifically, the question was the following
(note that the code accompanying the question is not included
in this paper):

Context: Suppose that three students are study-
ing for this exam and are discussing the topic of
diffusion. Three statements of theirs are below,
followed by questions:

Bob: I know from previous classes that diffu-
sion is just the process of particles moving from
an area of high concentration to a region of low
concentration.

Alice: In the computational problems we did in
class, diffusion was just the result of conserva-
tion of momentum.



Paul: In the last unit of the course we discussed
how diffusion is the result of increasing entropy
in the system.

Questions: How did Alice use the code to de-
cide that diffusion was linked to collisions? How
can you connect what Alice and Bob are saying?
How can you connect what Alice and Bob are
saying to Paul’s statement?

Following the same open-coding approach as with the ini-
tial discussion prompt, we analyzed students’ responses to
the question and coded for emergent themes, building upon
the previous resource list and adding new resources (not seen
in Table 1) as necessary. In Table IV below, we present the
results from the coding, not including resources that were di-
rectly primed in the question’s wording itself. We include
these results here not for the sake of attributing causality
of the unit in (perhaps) shifting students’ initial resources,
but rather to highlight the additional resources for reason-
ing about diffusion elicited by the final exam question shown
above.

TABLE IV. Final exam diffusion resources.

Conception of Diffusion Percentage of Students

(n = 123)

Spreading or dispersing of particles 70%

Randomness 51%

Microstates 37%

Order/disorder 35%

Velocity 34%

Balance, homeostasis, or equilibrium 20%
Concentration gradient 3%
High-to-low concentration 2%

In Table IV, we find about half of the students dis-
cussed randomness, and one-third discussed microstates or
order/disorder—essential resources fostered in the instruc-
tional unit. Only two students (or 2%) mentioned high-to-low
in their final responses.

The analysis of this final exam question suggests that stu-
dents wrote about diffusion differently at the end of the
semester than they did in their initial discussion post. This
is a positive sign that the course is supporting students to de-
velop additional resources in understanding diffusion. Our
analysis of the initial incoming resources provides a strong
first step in understanding how to better leverage students’
initial resources for diffusion. For example, in future iter-
ations of the course we hope to build from the high-to-low
concentration resource to support students building connec-
tions with ideas of randomness. Moreover, these findings are
an important step toward designing more targeted questions
for the coming year for the discussion forum, mid-semester
exams, and final exam, among other data collection opportu-
nities. The goal of designing more targeted questions is not
to see students’ changes over the course of the semester, but
to see how instruction might be improved for future groups
of students. Future work will also involve exploring how stu-
dents use computation to understand diffusion as well as other
concepts in our introductory physics course.
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