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Digital labs need not be demonstrations, simulations, or cookbook exercises. Rather, digital labs can and should
be inquiry-based. Scientists routinely create digital data or digital tools when modeling phenomena. We have re-
purposed these actual data and modeling tools to create completely digital modules, thus melding science research
and education. All of these modules are inquiry based—students gain from genuine experiences in doing actual
studies. These materials give instructors the ability to provide good quality laboratory experiences regardless of
resource limitations. These digital modules include materials for teaching three different modules: 1) Bioinformat-
ics, 2) Developmental biology—effects of steroid hormones on early CNS development, and 3) Neurophysiology
of circuits. We are providing these digital lab teaching tools described for free at http://mdcune.psych.ucla.edu/.
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Introduction

Biology, like all of science and medicine has become
essentially digital. Indeed, an fMRI of a human brain, an
EKG from a heart, mapping species’ location with GPS co-
ordinates, comparing DNA sizes, or a study of cells under
a microscope would all involve digital records/images. In
this article, we demonstrate how digital resources can be re-
purposed so as to make efficacious teaching tools. We have
taken actual data and modeling tools to create completely
digital teaching tools. The results are inquiry-based experi-
ences allowing students to gain from doing actual studies.

The resources offered include materials for teaching bio-
informatics tools (Bioinformatics), developmental biology
of the song system (Birdsong), and the physiology of neural
circuits (Swimmy). All of these materials are offered for free
at http://mdcune.psych.ucla.edu/.

Bioinformatics Module—Introducing and Using Bioin-
formatics Tools

In the Bioinformatics module, students quantify a phe-
notype that is impacted by differing genotypes, perform sta-
tistical analyses to extract meaning from the data, and use
the same online databases and analysis tools employed by
research professionals.

Students obtain the phenotype from using brains from the
Mouse Brain Library (http://www.mbl.org/), which pro-
vides brains from various recombinant inbred strains (Fig.
1). Other phenotypes could be selected; we chose olfactory
bulb because it is easy to define and students obtain reliable
data.
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Once the data have been cleaned-up via multiple regres-
sion, a QTL analysis is performed using WEB QTL (http://
www.genenetwork.org/). A Quantitative Trait Locus analy-
sis links variation in phenotype to variations in genotype—
identifying a locus/loci on chromosome(s) that have an im-
pact on the phenotype.

WebQTL directly links to the UCSC Genome Browser.
The UCSC Genome browser (http://genome.ucsc.edu/) ar-
rays the names of genes in a particular portion of a chro-
mosome specified by the peak in the QTL analysis (Kent,
Sugnet, Furey, Roskin, Pringle, Zahler, & Haussler, 2002).
These gene names are “hot-linked” to further information
such as gene expression (Fig. 3). We have students use the
UCSC genome Browser to find genes in that peak locus of
the chromosome that show relatively high expression in their
region of interest. This gives instructors an opportunity to
discuss microarrays (gene chips).

The UCSC genome Browser further links to the Allen
Brain Atlas, Entrez gene, and PubMed. Using the links to
the Allen Brain Atlas, which presents visual libraries of in
situ hybridizations for expressed genes, students find the
cell layers in which their particular gene were found (Fig.
4). This gives instructors an opportunity to discuss this tech-
nique.

Students can find out still more about their highly ex-
pressed genes by utilizing links on the UCSC Genome brows-
er to visit Entrez gene where they can learn the sequence of
the gene and PubMed, where they can learn something about
their gene’s function. Ultimately, students see how biolo-
gists generate an hypothesis about candidate genes, and how
to follow up on this hypothesis. More details can be found
in Grisham, Schottler, Valli-Marill, Beck, and Beatty (2010).

Olfactory bulb
--phenotype for
this lab exercise.

Figure 1. Horizontal section from a given recombinant inbred mouse strain from the Mouse Brain
Library. Students would quantify the size of the chosen phenotype. (Each brain would have several

sections containing the region of interest.)
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Figure 2. Likelihood ratio statistic as a function of megabases on chromosomes 1-19 and X in mice.

This particular run produced four suggested peaks on chromosome 2, 6, 14, and 17. These regions of
chromosome likely had an impact on the phenotype
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Figure 3. Screenshot from the UCSC genome browser showing representation of hot-linked genes on
a distal portion of chromosome 6 and the microarray expression data displayed when the link is clicked
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Figure 4. Screen shots of mouse brains in sagittal section from the Allen Brain Atlas showing the in
situ hybridization pattern of cells expressing an identified gene. Top left is relative expression with
red loop on the left showing the cell layer in the olfactory bulb expressing the gene. Top right is the
actual in situ section. Bottom shows a plate from a detailed interactive atlas that would allow students
to identify the highly expressing cells as the mitral layer.

Developmental Biology: Using the Bird Song System to
Introduce the Experimental Method

In this module, students are introduced to an experimental
approach, and appropriate data analyses for an experiment
using multiple groups. Students repeat and extend a pub-
lished experiment, examining the relationship between the
dose of hormone given in early life and the degree of mas-
culinization in the bird song system. The Bird Song System
module employs the strategy of giving data in its rawest form
(digital images) to students. Students perform every aspect
of the experiment except the sectioning and staining of tis-
sue. Specifically, students are given sets of images of adult
zebra finch brains that came from either control females and
males or females that were treated with 5, 15, or 50 ug of
estradiol (estrogen) as hatchlings (Fig. 5).

Students learn basics of experimental design such as
avoiding confounding observer characteristics with treat-
ment conditions and avoiding experimenter bias by keeping
blind to treatment. Moreover, students learn data analysis
for a multiple group design, using an ANOVA with post-hoc
tests. Further, they learn to interpret data in the framework

of the inquiry (Fig. 6).

Students are also introduced to technical writing and con-
tent about the effect of steroid hormones on brain develop-
ment. Further details about this module are available (Grish-
am, Schottler, Beck McCauley, Pham, Ruiz, Fong, & Cui,
2011).

Swimmy—Designing, Performing, and Interpreting
Neurophysiological Experiments

Swimmy is an application written in a language known as
NEURON, which investigators use to model neuronal func-
tions. Swimmy employs a virtual neural circuit that produc-
es oscillatory activity akin to a type of central pattern genera-
tor. In order to explore this circuit, students initially learn the
basics of electrophysiology (summation and inhibition) and
the basics of intracellular recording and experimental design
using simple neural circuits.

Subsequently, students use a more complex circuit (Fig.
7) and devise their own experiments 1) to discern which neu-
rons are relevant to the circuit and which are not 2) to discern
monosynaptic connections among the neurons, 3) to discern
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Figure 5. Photomicrographs of RA, one of the groups of neurons in songbird brains responsible for
the production of song. Top two panels show the difference in this species (zebra finch) between males
who sing and females who do not. Bottom panel shows the impact that exogenous steroid hormones
can have on the development of this system and the profound masculinization that can be induced.

which neuron(s) are responsible for the pattern of activity in
the entire circuit and the motor neurons specifically, and 4) to
discern how the oscillatory pattern of activity is produced in
the neural circuit. Students are challenged not only to draw
conclusions but also to present their data in a clear and con-
vincing manner. Six versions of Swimmy are provided, each
of which is unique in some way—either in the labeling of the
cells or in the mechanism of oscillation or both.

Pedagogical goals include 1) critical thinking and reason-
ing skills in designing one’s own experiments and interpreting
the data, 2) clarity of presenting data, and 3) learning basics of
neurophysiology. More details about Swimmy can be found
in Grisham, Schottler, and Krasne (2008).

Implementing the Modules

The materials offered provide instructors the ability to
provide good quality laboratory experiences regardless of
resource limitations. All that is required to execute any of
these modules is a computer with internet access—no spe-
cial equipment is required. All of these modules have been
extensively field-tested and shown to be efficacious teaching
tools both at UCLA and other institutions. All of the materials
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for teaching these materials are available at http://mdcune.
psych.ucla.edu/. Faculty can gain access to special faculty-
only materials by going to http://mdcune.psych.ucla.edu/
faculty and setting up a faculty account.
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Figure 6. Data from students quantifying RA as a function of treatment group (means and SEM).
Zero, Five, Fifteen, and Fifty refer to the microgram doses of estradiol administered at hatching to fe-
males. Male refers to control males. a = significantly different from all other groups, b = significantly
different from other groups but not each other.

Students must discover
the neurons that drive
the pattern of activity
in cells 1 & 2. They
must also discern the
underlying mechanism
of oscillation.

Figure 7. Schematic of circuit that students ultimately discover. Students discern monosynaptic con-
nections and oscillatory mechanism via experiments of their own device.
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