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If we could effectively engage
students in general science
curricula and lead them to
recognize the everyday relevance
of scientific concepts, we would
significantly strengthen the
understanding of science among
our nation’s future workforce.
Here we show that increased
levels of student cognition can be
achieved through interactive taste
tests; this universally applicable
pedagogical resource can improve
student learning and demonstrate
the applicability of science to
the real world. Demanding only
modest resources, our interactive
taste tests are easily translatable,
scalable, and quick to implement,
allowing for seamless integration
into preexisting or evolving
interdisciplinary science curricula
across a broad spectrum of
institutions. Our approach is
equally effective for both science
and nonscience majors and thus has
strong potential to generate citizens
with a stronger understanding
of science. Our results provide a
practical solution to implementing
active learning strategies in science
education and incite further studies
of the unexplored realm of taste as a
sensory cue in learning.
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ngaging undergraduate students in the process of discovery through active, inquiry-based approaches enhances
knowledge retention and promotes
higher levels of cognition (Freeman
et al., 2014; Hake, 1998a, 1998b;
Handelsman et al., 2004; Prince,
2004). Although there is much
emphasis on active learning strategies in science courses, these can
be challenging to implement in an
undergraduate classroom. Here we
show how simple classroom modules using food can improve student
learning in an introductory, general
education science course. Eating
provides visual, auditory, and kinesthetic learning cues. Although
eating has not been well characterized as a pedagogical tool, other
multisensory approaches improve
student learning in the classroom
(Deslauriers, Schelew, & Wieman,
2011; Haak, HilleRisLambers,
Pitre, & Freeman, 2011; Naiz, Aguilera, Maza, & Liendo, 2002; RuizPrimo, Briggs, Iverson, Talbot, &
Shepard, 2011). Using methods
that engage multiple learning styles
is an effective strategy to improve
student learning when teaching science in a diverse classroom setting
(Keller, 1987; Lujan & DiCarlo,
2006; Slater, Lujan, & DiCarlo,
2007; Tanner & Allen, 2004). Moreover, when instructors incorporate
varied pedagogical approaches,
they are more likely to cater to a variety of learning preferences (Miller, 1998; Tanner & Allen, 2004).
Eating has untapped potential as a
unique teaching approach because
it simultaneously engages multiple

senses including taste, which is a
distinct and unexplored sensory
cue. Food also has the potential to
help students connect formal scientific concepts to their everyday life
experiences; this could provide opportunities for students to recognize
the relevance of technical and potentially abstract course content to
real-world issues.

Applying scientific concepts
through eating
To explore the role of eating in
learning science, we introduced a
series of interactive taste tests into
a general education science course
(n = 46). The course is based on a
course that we previously developed
at Harvard University (Rowat et al.,
2014), where one scientific concept
is taught each week for the duration
of the course. Our current curriculum teaches concepts in biophysics.
Each week students attend 2 hours
of lectures and one 2-hour lab section that all focus on the concept of
the week. One additional hour of
lecture each week is provided by a
guest chef who highlights the application of the science concept to
food and cooking. The class of 46
students was comprised primarily
of female (53%), upperclass (84%),
and nonscience (53%) students.
Our goal of this pilot study was
to determine how interactive taste
tests could impact student learning.
We hypothesized that students who
experienced taste tests representing
the scientific concept being taught
would achieve increased levels of
cognition. Taste tests were conducted
at the end of the week, after the

Interactive Taste Tests Enhance Student Learning
students had already attended the
lectures about the science concepts.
We designed the taste test modules
to be easily translatable, inexpensive, and implemented within 15
minutes. To determine how each
module affected student learning
outcomes, we developed a unique
assessment framework centered on
self-reflections written by students
about their taste-test experiences.
Independent external reviewers then
coded these self-reflections on the
basis of the hierarchy of cognitive
dimensions commonly known as
Bloom’s taxonomy; these cognitive
domains build progressively from
remembering recurring patterns to
understanding general concepts and
applying, analyzing, evaluating, and
finally creating new knowledge (Anderson et al., 2000; Bloom, 1956).
We administered three interactive
taste tests each aligned with three key
course concepts: diffusion, elasticity,
and binding affinity (Figure 1A). For
the diffusion taste test, we marinated
tofu in soy sauce for different lengths
of time to illustrate timescales of
diffusion; for elasticity, we prepared
Jell-O samples with different gelatin
content to create a series of edible
gels with different elastic moduli;
and for binding affinity, we prepared
aqueous solutions with and without
salt and monosodium glutamate
(MSG) to illustrate the interaction
of molecules with taste receptors.
We selected these three topics as
they are each based on some aspect
of the curriculum. For example, the
concept of diffusion in marination
was already covered in the course
lecture; measuring the mechanical
properties of gels is the basis of a lab
exercise. These three concepts are
also straightforward to demonstrate
through a taste test. Moreover, the
samples are simple to prepare and
distribute to students in the classroom. The choice of these three
topics also enabled the taste tests
to be presented at similar intervals

throughout the 10-week course, so
they could be administered at regular
intervals throughout the course.
In conducting these taste tests, we
carefully chose a food-safe room.
These activities should not under any
circumstances be done in a science
lab given the potential for cross-contamination of biological and chemical laboratory hazards (Roy, 2014).
Alternative sites, such as a cafeteria,
family and consumer science lab, or
any other location that is designed
for human food consumption, should
be used. Prior to the taste tests, we
alerted students that these taste tests
were fully optional and warned them
about potential hazards for allergic
reactions. All food samples were prepared in accordance with food safety
regulations. For example, teaching
assistants wore hairnets and gloves
while preparing samples.
We introduced the taste-test modules at the end of each week to ensure
that all students had equivalent exposure to lectures and lab activities.
Students were then randomly divided
into three groups that received taste
samples with varying levels of relevance to the scientific concept. The
random assignment of student groups
ensured the separation of students
who may choose to sit together because of similar backgrounds and/or
science aptitudes and also ensured
that the three groups were different for each taste test. To confirm
equivalency among the groups, we
verified that there were insignificant
differences among homework and/or
quiz grades from that specific week
in the course, average grades on final
exam questions pertaining to the topics, and overall course grades (see
supplemental Table S1, A–C, available at http://www.nsta.org/college/
connections.aspx).
We then instructed students to eat
their samples and prompted them to
describe how their taste test related
to the scientific concept (Figure 1B).
Students were instructed to not speak

with their classmates as they tasted
their samples and to immediately
complete their self-reflection. The
entire taste test was performed within
10 minutes and self-reflections were
collected from the students. We encouraged the students to share their
experiences and reflections with their
fellow group members. The activity
concluded with a spokesperson from
each group sharing their views with
the rest of the class.
Student responses were coded
by independent, external reviewers
based on three cognitive skills in
Bloom’s taxonomy: remembering,
understanding, and applying. We
focused on these three skills because
they are relevant to recognizing
science concepts in everyday life.
Reviewers assigned three points for
applying, two points for understanding, and one point for remembering (Table S1). Our analysis of the
self-reflection data revealed that the
median assessment scores increased
from the control to full-intervention
groups, revealing that students are
demonstrating higher levels of cognitive skills as they experience taste
samples that exemplify a scientific
concept. Across three independent
taste tests, the median scores were
significantly higher for the full versus
control groups. In all three tests, we
also observed a noticeable increase
from control to mild groups, suggesting that achievement of higher
Bloom’s taxonomy levels may result
from a mild yet crucial intervention.
For example, the mild group from
the binding affinity module received
a salty solution that was as effective
as the full taste test, which included
an additional umami solution.
Our results are further corroborated by the responses to pre- and
postsurveys that were administered
to the entire class. Surveys assessed student engagement during
the course as well as satisfaction
with various components of the
curriculum through a series of 20
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FIGURE 1
Eating improves student learning outcomes.
(A) Students were divided into three groups: (i) a full intervention group that received a sample that exemplified the
scientific concept; (ii) a mild intervention group that received a sample that was moderately associated with the scientific concept; and (iii) a control group that received a sample that was unrelated to the scientific concept. For example,
students in the elasticity full intervention group received Jell-O samples of varying stiffness, whereas students in the
control group received liquid juice. (B) Representative examples of the self-reflection data from the full intervention
groups. Examples from the mild and control groups are provided in Supplemental Tables S2 and S3 (available at http://
www.nsta.org/college/connections.aspx). (C) Student responses were coded based on three cognitive skills in Bloom’s
taxonomy: remembering (1 point), understanding (2 points), and applying (3 points). Each dot represents an average
score for one student response as determined by three independent reviewers (Table S1). Colored circles represent
nonscience majors; grey circles represent science majors. Horizontal lines represent median values for the control,
mild, and full intervention groups where N (diffusion) = 14, 13, 12; N (elasticity) = 10, 9, 8; N (binding affinity) = 10,
10, 10. The following P-values were determined by the Kruskal-Wallis test: p (diffusion) = .0012, p (elasticity) = .0014,
p (binding affinity) = .0524. Pairwise Mann Whitney U-tests were then conducted for the diffusion and elasticity groups
as reported in (C). We interpret our pairwise results accounting for the Bonferroni correction, p < .017. Effect sizes (ef )
were determined using a modified Cohen’s d (Hollander & Wolfe, 1973) and only reported for significant differences.
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questions that required ranking using
a 4-point Likert scale of agreement
in addition to open-ended responses.
Two Likert-scaled questions on the
survey were relevant to the broader
goal of the taste tests; paired sample
t-test analyses were conducted on the
mean results of these two questions
from the pre- and postsurveys. First,
after taking the course, students felt
there was a stronger emphasis on
applying concepts from their science
coursework to practical problems
(pre = 2.65; post = 3.25, N = 23; p
= .01, paired sample t-test analysis);
these results emphasize the notion
that food can be a translatable access point for teaching science.
Additionally, students perceived a
stronger real-life relevance of what
they learned in science courses (pre =
2.78; post = 3.42, N = 23; p = .004),
emphasizing the notion that food
can be a translatable access point for
teaching science.

Multisensory strategies
for undergraduate science
education
Our findings from this pilot study
suggest that eating food can positively impact the way students learn
science. We envision that similar
taste-test modules could be adapted and implemented more broadly
in any science classroom. For example, marinating meat with fresh
pineapples could showcase enzyme
catalysis in a biochemistry course,
or salting mushrooms could demonstrate diffusion in a physics course.
Because food and eating are familiar and universal entry points for
students irrespective of academic
background or precollege preparatory experiences, the curriculum presented through these modules may
be more accessible to students who
struggle to recognize the relevance
of science concepts in an introductory-level and/or general science
course (American Association for
the Advancement of Science, 2009).

Because these taste test modules are
scalable and universally applicable,
they can be adapted in any undergraduate classroom. These handson modules are also affordable and
require little equipment, making
them ideal for distance learning as
they can be implemented at home.
Further studies should build on
these findings and investigate how
these interactive taste tests can play
a role in longer term retention of
scientific knowledge. Although these
findings indicate that students are
achieving higher levels of cognition
at the time of the taste tests, we did
not observe a corresponding increase
in exam or homework grades. More
research is needed to investigate
how other curricular, pedagogical, or
environmental factors impact student
performance in the entire course.
Future studies should also explore
the mechanism through which eating
can enhance learning. The process of
eating can trigger multiple senses,
ranging from touch and sight to
taste and smell. By exploiting these
sensory triggers, instructors could
cater to multiple learning styles
and thereby enhance student learning (Keller, 1987; Tanner & Allen,
2004). Translating these taste-test
modules into a larger science course
should thus be an effective way for
science educators to create a more
inclusive classroom and engage a
more diverse student population;
this is a major priority across the
country, as highlighted in recent national reports (National Academy of
Engineering, 2005; National Academy of Sciences, 2007; National
Science Board, 2004). In addition,
students can easily relate food to
their own personal experiences.
Cultural backgrounds or childhood
memories may play a role in how
students respond to a particular taste
test; presenting a particular food in
the context of multiple cultures may
further broaden student participation. With evidence-based teaching

methods becoming increasingly
recognized as a successful strategy
for students learning science (Allen
& Tanner, 2005; Dirks, 2011; National Research Council, 2003, 2012;
President’s Council of Advisors on
Science and Technology, 2012), our
findings support the positive impact
of active, multisensory pedagogical
strategies in undergraduate science
education. ■
Note: The University of California,
Los Angeles Institutional Review
Board approved this research study
(IRB# 13-000346).
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