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Abstract

Background Random genetic drift is a difficult concept for biology undergraduates to understand. Active learning
activities in a collaborative setting have the potential to improve student learning outcomes compared to traditional
lectures alone and have been shown to help foster success for underrepresented students. However, few activi-

ties in this content area have been evaluated for effectiveness in improving student outcomes using peer-reviewed
instruments backed by evidence of their validity and reliability. Our aim in this study was to use the Genetic Drift
Instrument (GeDl) to evaluate and compare student learning gains in an upper division genetics course in which two
different genetic drift activities, a faculty-developed collaborative exercise and a commercially published lab tutorial,
were administered in an active-learning classroom with students working in small groups.

Methods The GeDI was administered in both pre- and post-testing in two semesters (n=95 and 98 students),

with the semesters differing in which activity was assigned. Instrument dimensionality, person and item fit, and reli-
ability were evaluated using Rasch analysis. Hierarchical Linear Models (HLMs) with two-way interactions were fitted
to assess whether being in a certain Intervention Type, Race/ethnicity, Gender, or First Generation Status affected
learning gains. HLMs with three-way interactions were used to assess whether the activities benefited students of all
backgrounds equivalently.

Results We found that the GeDI demonstrated unidimensionality, with high item reliability and relatively low person
reliability, consistent with previous studies. Both the faculty-developed activity and the commercially available lab
tutorial were associated with significant learning gains on genetic drift concepts. Students in the SimBio group had
higher learning gains but the difference in effect size was small. No significant differences in learning gains were
found between students from different demographic groups, and both activities appeared to benefit students of dif-
ferent backgrounds equivalently.

Conclusions The GeDlI instrument could be improved by adding items that more consistently differentiate students
of different ability levels, especially at high ability levels. The greater impact on learning gains in the SimBio group
while statistically significant does not translate into actual meaningful differences in student understanding. While
students of different background variables in the sample have equivalent learning gains and are benefitted equiva-
lently by the different interventions, our interventions did not ameliorate inequities in genetic drift understanding

as measured by the GeDlI that were uncovered in pre-testing.
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Background
Evolution at the population level is defined by change
in allele frequencies across one or more generations.
Of the ways in which this can happen, (mutation,
gene flow, natural or sexual selection, and random
genetic drift), genetic drift is the most difficult con-
cept for undergraduate biology students to understand
(Andrews et al. 2012). Genetic drift has been identified
by the National Research Council (2003) and AAAS
(AAAS 2010) as one of the core concepts of biological
literacy for undergraduates. Several learning objectives
involving genetic drift are among a recently assembled
set of concepts fundamental to undergraduate biol-
ogy that draws on contributions from over 800 faculty
(Hennessey and Freeman 2023; https://www.codon
learning.com/). Understanding the concept of genetic
drift involves accurate thinking related to randomness
and sampling error. Students majoring in the natural
sciences can often struggle with this type of thinking
(Garvin-Doxas and Klymkowsky 2008; Masel 2012).
Misconceptions involving genetic drift are common
among undergraduates. They include the notion that all
change in populations involves natural (or sexual) selec-
tion (Beggrow and Nehm 2012), the idea that genetic
drift is not evolution, the notion that since genetic drift
is random, that it is an unpredictable phenomenon, and
several others (Andrews et al. 2012, Price et al. 2014).
Introductory biology students have been found to have
various incorrect notions about what genetic drift is,
confusing drift with mutation, natural selection, or
gene flow (Nehm and Reilly 2007; Andrews et al 2012).
A deluge of information about human genomic vari-
ation and health constantly flows from the media. Stu-
dents advancing to professions in biomedicine, as well
as biology education, require a rigorous conceptual
framework for making sense of these patterns of vari-
ation and how they got there. Genetic drift is strongly
associated with the concept of neutral alleles, which
represent a large proportion of the DNA sequence vari-
ation within populations. The neutral theory of molec-
ular evolution is fundamentally based on the process
of genetic drift and is situated at the core of modern
evolutionary theory (Nei et al. 2010). An understand-
ing of speciation and species differences also requires
proficiency in the concept of genetic drift in that iso-
lated populations will inevitably accumulate differences
in allele frequencies due to genetic drift, some of which

may eventually contribute to phenotypic differences
between populations and incipient species.

The structure of genetic variation in humans, in which
there is more variation within than between geographi-
cally defined populations, also ties into the concept of
genetic drift in that frequency differences between vari-
ants (e.g. single nucleotide polymorphisms) that do exist
between geographic populations are most likely due to
genetic drift related to demographic history and not
selection. In medical genetics, explanations of individ-
ual and population-level genetic differences that inform
genomic medicine rely in part on this understanding (see
e.g. Dudley et al 2012; Visscher et al. 2017).

In pioneering work on undergraduate student under-
standing of genetic drift concepts, involving open-ended
questions, written surveys, and student interviews,
Andrews et al (2012) found that students tended to fol-
low a three stage progression in development of ideas
about genetic drift. Stage I was characterized by undevel-
oped or novice ideas about both genetics and evolution.
Stage II was characterized by confused conceptions, such
as confusing genetic drift with other processes such as
mutation and natural selection. Stage III was character-
ized by some development of correct genetic drift con-
cepts but with some new misconceptions forming, such
as the idea that genetic drift only occurs when certain
events occur (e.g. population bottlenecks). These patterns
parallel to some extent the progression of evolutionary
thinking in undergraduates in general, with adaptationist
thinking preceding more complex models involving both
selection and drift (Beggrow and Nehm 2012).

GeDl instrument

Students are thought to struggle more with concepts
related to genetic drift than concepts related to natu-
ral selection, but the latter has received more attention
by researchers (Price et al. 2014). To address this gap,
Price et al. (2014) developed the Genetic Drift Inventory
(GeDI) as an instrument to assess student understand-
ing of genetic drift before and after instructional inter-
vention. The instrument consists of a set of 22 Agree/
Disagree statements centered on several key concepts
and several misconceptions about genetic drift (Andrews
et al. 2012, Price et al. 2014). One of the first published
studies utilizing the GeDI following its publication was
by Price et al. (2016), which used the GeDI to assess the
effectiveness of a group of introductory and upper-divi-
sion courses across several undergraduate institutions
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that used the SimBio lab tutorial “Genetic Drift and
Bottlenecked Ferrets” (Herron et al. 2014) (n=19) com-
pared to control courses that did not use it (n=5). Their
study found that early stage students typically lacked any
understanding of genetic drift, consistent with Stage I of
Andrews et al. (2012). But following instruction, students
had some recognition that distinct evolutionary pro-
cesses exist, of which genetic drift is one (consistent with
Stage II of Andrews et al. 2012), or students had some
correct understanding of genetic drift concepts (consist-
ent with Stage III of Andrews et al. 2012). Overall, Price
et al. (2016) found that students in courses using the Sim-
Bio lab tutorial showed substantial evidence for increased
understanding of genetic drift concepts compared to the
control courses.

Tornabene et al. (2018) administered the GeDI to 336
students in an upper division genetics class in a north-
eastern university, using Rasch analysis and a design to
test whether item order impacted outcomes. Their results
indicated that the GeDI was unidimensional, reflecting
that it measures a single construct. They also found that
the instrument showed high item reliability and that the
items fit the abilities of the students. Person reliability,
however, was low, suggesting that the instrument items
are not able to differentiate between persons of different
ability levels. In particular, Tornabene et al. (2018) rec-
ommended the development of additional items in order
to better distinguish among persons of relatively high
ability level. So far no revisions of the instrument have
addressed this limitation.

Aims of this study

In order to improve genetic drift learning outcomes in
an upper-division genetics course, we are interested in
developing student activities centering on the process
of genetic drift. In particular, active learning courses,
and those that also focus on misconceptions, have been
shown to improve course outcomes for underrepresented
students in STEM courses (Theobald et al. 2020; Nehm
et al. 2022). Here, we report a comparison of two student
activities used in the course in consecutive spring semes-
ters, with learning gains assessed in pre- and post-testing
using the GeDI instrument. One activity was developed
by the faculty (J.R.T.) and the other was the SimBio Bot-
tlenecked Ferrets lab tutorial (Herron et al. 2014). Both
activities were implemented in a group active-learning
format, which has been demonstrated to improve learn-
ing gains in undergraduate STEM courses (Theobald
et al. 2020; Nehm et al. 2022) and the SimBio tutorial has
been shown in a separate study to increase student learn-
ing gains on genetic drift (Price et al. 2016). Given that
the faculty-developed activity can be delivered at no cost
to students, we are particularly interested in whether this
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activity can achieve equivalent or better learning gains
than the student-purchased tutorial..

Specifically, our study explores the following research
questions: (1) Does the GeDI instrument display robust
or acceptable measurement properties in our sample of
students? (2) Do upper-level undergraduate biology stu-
dents gain more understanding of genetic drift concepts
as measured by the GeDI from completing a SimBio
activity compared to an instructor-developed activity?
(3) Are student demographics associated with different
learning gains on the GeDI independently of which activ-
ity they encountered? (4) Do both activities benefit stu-
dents of different background variables equivalently?

This project to improve learning outcomes on genetic
drift has been reviewed by IRB and has been given the
classification: Not Human Research. (Details available
upon request to authors).

Course information

We report the results of pre- and post-activity adminis-
tration of the GeDI in an upper division ecological genet-
ics course, one of three upper-division courses that can
be used to satisfy the genetics requirements for the biol-
ogy and biochemistry majors at a public R1 university
in the northeast US. One of the pre-requisites for the
course is an organismal/evolution/ecology lower division
introductory biology course. Students entering the focal
genetics course are expected to have had basic exposure
to genetic drift in this introductory course or its equiva-
lent at another institution.

The focal genetics course enrolls approximately 100
students each year (mostly third and fourth year biology
or biochemistry majors). The course is delivered in hybrid
format with asynchronous online lectures and 9-10 in-
person activities, one hour and twenty minutes in length,
that students work together in person to complete in
permanent groups of 3—4. Course unit structure and rel-
evant learning objectives and misconceptions (provided
as a study aid in the syllabus), are listed in Appendix 1.

Activities

In the two consecutive spring semesters, the GeDI was
administered both before and immediately after the unit
on Population Genetics, which is the third unit of the
course and follows units on molecular genetics and Men-
delian genetics.

In the Faculty-Developed Activity group, students were
assigned to read Chapter 2 of Conner and Hartl (2004),
which covers genetic drift. Students then completed a
pre-activity homework assignment in which they con-
structed a concept map on metapopulations. Then the
class met for one session of one hour and twenty min-
utes and students worked in groups of three or four to
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complete the faculty-developed activity, which used
a metapopulation framework with Wright’s F-statis-
tics (Wright 1965) to illustrate genetic drift. The com-
plete pre-activity homework and in-class group activity
instructions are provided in Appendix 2 and was newly
developed for the semester in which it was administered.
This activity was entirely devised by the faculty (J.R.T.).
It had not been piloted previously and has undergone no
refinement or peer-review. In this activity, each student
group is given two regular decks of playing cards with the
red and black cards representing two different alleles at
a single locus. Each group’s combined deck of 104 cards
represents the allele pool of a subpopulation with the
entire class representing a metapopulation. Groups ini-
tially shuffle their decks and then draw two-allele geno-
types, tallying the genotype frequencies. Groups then
report the allele and genotype frequencies on a large
whiteboard and the starting Fgp is computed for the
metapopulation. Then the number of cards in each deck
is drastically reduced, representing a population bottle-
neck in each subpopulation. Following this, groups then
shuffle and draw genotypes from the reduced card deck
and report out their allele and genotype frequencies and
the post-bottleneck Fgy is calculated for the metapopu-
lation, with the expectation that Fgp will have increased
due to genetic drift.

A slight increase in Fgp was found in the activity (Ini-
tial population Fgr=— 0.008, Post-bottleneck population
Fgr=0.013; the negative Fgp calculation was likely due
to data recording error). The instructor briefly discussed
the result with the class at the end of the activity. Stu-
dents were graded on attendance and participation in the
activity and the post-intervention GeDI questions were
administered during the unit test about two weeks later.

In the SimBio Activity group, the genetic drift activ-
ity occurred at the same time in the course sequence.
The Conner and Hartl (2004) textbook was not required
in the second spring semester and the reading was not
assigned. Students were instead required to purchase the
online tutorial lab “Genetic Drift and Bottlenecked Fer-
rets” by SimBio (Herron et al. 2014; https://simbio.com/
content/genetic-drift/) at a price of about $6.00 per stu-
dent (for Spring 2024, the price has increased to $7.50).

The SimBio Genetic Drift and Bottlenecked Ferrets
lab tutorial uses simulations to illustrate the properties
and dynamics of genetic drift. The endangered North
American population of black-footed ferrets is the model
example, with a neutral locus determining fur color as a
marker representing genetic diversity. Part 1 of the tuto-
rial introduces the example and shows how allele fre-
quencies can change due to sampling error with different
reductions of population size. Part 2 formally introduces
the concept of genetic drift, as well as random mating and
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shows how allele frequencies among gametes and zygotes
are related. Part 3 contrasts small and large populations
and how population size is related to the likelihood of
loss and fixation of alleles. Part 4 introduces the concepts
of heterozygosity and effective population size and how
different phenomena such as inbreeding and unequal
sex ratio influence genetic drift. Part 5 allows students to
experiment with different reserve designs (metapopula-
tion structures) to determine which has the greatest like-
lihood of conserving genetic diversity. Finally, part 6 is a
series of summative assessment questions.

Students were assigned to complete parts 1 and 2 indi-
vidually prior to class, and during the class they worked
together in groups of three to four students to complete
parts 3-5. For the activity grade, students were assessed
as a group on the questions in part 6 of the tutorial. The
post-intervention GeDI questions were administered
during the unit test about three weeks later.

In both semesters, due to a typographical error in
the question file in the learning management system
(Blackboard in the Faculty-Developed Activity group,
Brightspace in the SimBio Activity group), one of the 22
questions was omitted from the analysis. This question
was: “An increase in the proportion of beetles with short
legs occurred because natural selection favored individu-
als with shorter legs” in Stem 7 (see Appendix 3). For the
post test for both semesters, minor changes were made
to the organisms and traits in two of the GeDI question
stems in order to present students with some novel but
parallel question versions that they had not seen before.
In Stem 4, flies/plain or striped wings was changed to
ladybugs/brown or red heads and in Stems 8—9, human
nearsightedness was changed to human partial hearing
loss (see Appendix 3). All other parts of these questions
remained the same as the items published in Price et al.
(2014).

Table 1 compares the concepts addressed by the two
different activities and the GeDI. There is only a low
amount of overlap between the two activities in the con-
cepts they cover. The SimBio lab tutorial overlaps fairly
strongly with the GeDI (see Price et al. 2016) whereas
the Faculty-developed activity overlaps substantially less
with the GeDI. The SimBio lab tutorial also overlaps with
the GeDI in coverage of a number of misconceptions (see
Price et al. 2016 Table 1) whereas the Faculty-developed
activity does not address genetic drift misconceptions.

Methods

Participants and sample

The study included 95 and 98 undergraduate students
enrolled in an upper division genetics course in con-
secutive spring semesters (see above). Participants’
demographics included individuals of different races/
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Table 1 Comparison of concepts covered by the two lab activities and the GeDI

Concept Covered by Covered by SimBio “Genetic  Covered
faculty-developed Drift and Bottlenecked by GeDlI
activity Ferrets”

Genetic drift is random sampling error that occurs in every generation No Yes Yes

Genetic drift causes loss of genetic variation within populations and hence Yes Yes Yes

increases differentiation between populations

Relationship between population size and strength of genetic drift Yes Yes Yes

Effects of genetic drift can overwhelm effects of natural selection in small popula- ~ No Yes Yes

tions

Effect of population bottleneck on genetic drift Yes Yes Yes

Definition of metapopulation Yes No No

Computation of F statistics Yes No No

Interpretation of F statistics Yes No No

See also Price et al. 2016 Table 1

ethnicities, genders, and first generation college status.
Due to the removal of some students for reasons noted
later (see below), our sampling frame contains 72.5% of
the total sample.

Race/ethnicity categories include American Indian
or Alaskan Native, Asian, Black and African American,
Hispanic or Latino, Race and ethnicity unknown, two
or more races, US non-resident, and white. Gender cat-
egories included male and female. First generation Status
was coded as yes or no. As the class had a small sample
of many race categories, for ease of analysis the follow-
ing categories were used: (1) White, (2) Asian, and (3)
Under-represented Minority (URM). The URM group
combined American Indian or Alaskan Native, Black and
African American, and Hispanic or Latino categories.
We acknowledge the problematic nature of combining
groups from different backgrounds, but also sought to
investigate outcome disparities based on interventions.

Within the combined sample of 193 students, to maxi-
mize statistical power by minimizing the number of vari-
ables in the race/ethnicity category, students indicating
race and ethnicity unknown, two or more races, and US
non-resident, were removed from the sample (n=38).
Furthermore, students with missing data for first gen-
eration status (n=15) were also removed to eliminate
the issues that arise from having a null category in the
analysis.

Data collection procedure

During each semester, the GeDI was administered
twice: once immediately prior to the population genet-
ics unit (pre-test) and once at the end of the unit (post-
test). This allowed for the measurement of learning gains
within each semester. Race/ethnicity, gender, and first
generation status were provided from the institution
subsequently.

In the faculty-developed activity group, both pre-and
post-test applications of the GeDI were given online on
Blackboard with students only able to view one question
at a time, with backtracking disabled. In the SimBio activ-
ity group, the pre-test was given online on Brightspace
with students only able to view one question at a time,
and the post-test was given on paper, with the entire test
visible. The GeDI questions are organized into a series
of stems, each with 1 to 4 questions (see Appendix 3). In
the online versions, a question bank was made for each
stem and questions within each stem were presented in
a random order to each student. In both semesters, all
students were given the GeDI question stems in the same
order.

Research Question 1

Raw scores obtained from the GeDI were subjected to
Rasch analysis using the program Winsteps version 3.68
(Linacre 2008) in order to achieve several objectives.
First, Rasch analysis was used to transform raw scores
into Rasch measures, providing interval-level measure-
ments. This transformation ensured that the GeDI scores
were more suitable for parametric statistical analyses.
The Rasch measures were taken from the Person Scores
output from Winsteps. More importantly, in order to
answer Research Question 1 we used Rasch analysis to
evaluate the GeDI as an instrument in terms of its ability
to display robust or acceptable measurement properties
in our sample of students.

Dimensionality analysis

Although the GeDI has been rigorously tested by its
developers, and more recently using Rasch analysis (Tor-
nabene et al. 2018), to answer Research Question 1 Rasch
analysis was used to determine if the inferences gener-
ated by the GeDI measures accurately reflected student
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understanding of genetic drift concepts in our sample of
students. This included testing for multi-dimensionality
to ensure that the instrument measured a single under-
lying construct. Multidimensionality would indicate that
the GeDI does not measure genetic drift as a single topic,
but as multiple topics.

Person and item outfit

Rasch analysis was used to measure item and person
outfit MSQ (mean-square). These are measures that
evaluate how well each item (question) in the GeDI
and person (student) in the sample fit the Rasch model,
which can allow for identification of questions or stu-
dents that might be problematic and require removal. In
general, item outfit MSQ values between 0.7 and 1.3 are
good indicators of fitting the Rasch model (Boone et al.
2014). In the interest of preserving as much of the sample
as possible we used criteria for person outfit established
by Wright and Linacre specifying that while measures
less than 0.5 and more than 1.5 may not be productive
to measurement, only person measures greater than 2.0
are degrading to measurement (Boone et al. 2014). Two
students were shown to have abnormally high misfit to a
point where they were degrading the measurement and
were removed from the sample.

Wright map analysis

In a similar vein to item outfit, we used Rasch analysis
to measure the breadth of student abilities that can be
accurately measured by the GeDI items and visualized
these measures using a Wright map. The Wright map
depicts item difficulties and student abilities on the same
scale. If the range of item difficulty measures captures
all of the student abilities, we can be confident that the
GeDI can measure students having different genetic drift
knowledge. Additionally, any significant skew in the dis-
tribution of the items may indicate that the GeDI is too
difficult or too easy for our sample. If there are many
students below or above the range of the items, this may
indicate that the GeDI items cannot precisely discern
differences in student abilities above or below a certain
score. By examining the distribution of the items on the
Wright map, we can also see if the GeDI has a high con-
centration of difficult or easy questions, or ideally, a mix
of both with most questions residing somewhere in the
middle of the scale, indicating a well balanced spread of
questions.

Item and Person ReliabilityRasch analysis was used to
test item reliability and person reliability. High item relia-
bility ensures that all the items together effectively meas-
ure the construct, while high person reliability ensures
that the instrument consistently measures the overall
sample. Person reliability values below 0.8 indicate that
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the items may not fully distinguish student “abilities” and
item reliability values below 0.9 often indicate that the
sample is not large enough to determine the structure
of the items and their difficulty or that there is a lack of
items that measure the sample.

Research Questions 2 and 3

To investigate Research Questions 2 and 3, hierarchical
linear regression models (HLMs) were employed, con-
trolling for demographic variables or intervention type
depending on the question. Hierarchical linear models
can allow us to isolate different variable interactions with
changes in GeDI scores in order to investigate multiple
interaction effects.

The analysis was performed via the R package “Ime4”
(Bates et al. 2021). In R, reference values were set for
both the time and race/ethnicity variables. The reference
time was set to pre-test to simplify interpretation of the
model as a post-test reference value would depict a nega-
tive slope in the regression if students had improved over
time. The reference value for the race/ethnicity category
was set to white.

Two way interaction HLMs

To answer Research Questions 2 and 3, the primary mod-
els used raw or Rasch measures (to examine similarities
between the measures) as the dependent variable with an
interaction between improvement on the GeDI (Pre- or
Post-test) and the intervention type the students received
being modeled as the fixed effect. Race/ethnicity, gen-
der, and first generation status were modeled as random
effects in the analysis.

To answer Research Question 3, three additional
models were made in which the interaction effect was
changed. In each model instead of modeling the inter-
action between intervention and time, intervention
was replaced with race/ethnicity, gender, or first gen-
eration status. In these models the intervention type was
changed to random effects. The time variable in interac-
tions allows us to model the change in GeDI scores (Pre-
to Post-test) and going forward it will be referred to as
the learning gains variable. Any significant p values for
the interactions between learning gains and demographic
variables would indicate that there were differences in
learning gains for that background variable.

An important consideration in answering Research
Question 3 rests on whether there were differences in
student performances on the GeDI on the pre-test. If
there were statistically significant differences in any of
these background variables on the pre-test, but we found
no significant interactions between the background vari-
ables with learning gains, we could infer that our inter-
ventions did not negatively affect students of different
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background variables but nevertheless we would not be
mitigating differences in genetic drift knowledge that
may exist between students with different background
variables. We can detect if differences between GeDI
scores exist at the pre-test for students of different back-
ground variables by referring back to the first model
discussed. For the HLM that modeled the interaction
between improvement on the GeDI with intervention,
background variables with intercepts with significant p
values indicate that there was variability in the outcome
variables that was clustered within these groups. If sta-
tistically significant results were found for the interaction
variables in any of the models, the R package “sJplot” was
used to plot the model.

Research Question 4

Three way interactions

To answer Research Question 4, a separate hierarchical
linear model was conducted with a three way interaction.
This model included interactions between race/ethnic-
ity, learning gains, and intervention, while controlling for
gender and first generation status.

Effect size

Partial omega squared values were computed to deter-
mine the effect sizes of the interactions. This was done
using the R package “effectsize” (Ben-Shachar et al. 2020).
To determine the strength of the effect size, we used the
standard cutoffs of a partial omega square greater than
0.60 as being a high effect size, greater than 0.30 as being
at least a medium effect size, and less than 0.30 as being a
small effect size.

Results

Research Question 1

To address Research Question 1 (Does the GeDI instru-
ment display robust or acceptable measurement prop-
erties in our sample of students?), Rasch analysis was
employed.

Item and person reliability

Fitting the data to the Rasch model yielded an item reli-
ability score of 0.95 and a person reliability score of 0.69.
Based on these results, the accuracy in item difficulty
was high and the person measures, while within accept-
able range, suggest that the items may have some limita-
tions in distinguishing among students at different ability
levels.

Dimensionality analysis

Research Question 1 also involves determining whether
the transformed data fit the Rasch model assumption
of unidimensionality. Typically we can measure this by
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looking at the output for the amount of unexplained
variance explained by the first contrast in the Winsteps
multidimensionality output. An empirical value of 2 or
greater indicates 2 or more dimensions in the items. The
value for our data was 1.8, which is evidence of a lack
of multidimensionality. This also lends strength to our
Rasch transformed scores. The plot of the standardized
residual contrast 1 contains structure. While two items
regarding human genetic drift, two out of five of human
genetic drift questions, deviate from the structure (A and
B or Items 18 and 19), the eigenvalue for the amount of
unexplained variance in the first contrast does not sup-
port these two items being a separate dimension (Fig. 1).

Person and item outfit
All items were within the acceptable outfit range of
0.7-1.3.

Wright map analysis

The Wright map containing both pre- and post-tests
exhibited an approximately normal distribution of item
difficulties, although most items fell into a midrange dif-
ficulty and there were fewer items at the extremes of the
difficulty ranges. Overall, observation of the Wright Map
(Fig. 2) shows that there was a lack of balance between
less difficult and more difficult items. We found that
many students were located above the most difficult
item measures, indicating that the GeDI Rasch measures
cannot strongly distinguish between students with the
highest GeDI scores. Overall, we have limited power in
what we can say about students with high genetic drift
knowledge.

Research Question 2 and 3

Research Question 2: Do upper-level undergraduate biol-
ogy students gain more understanding of genetic drift
concepts as measured by the GeDI from completing a
SimBio activity compared to a faculty-developed activ-
ity? and Research Question 3: Are student demograph-
ics associated with different learning gains on the GeDI
independently of which activity they encountered? To
answer these questions, we fit several hierarchical linear
models to analyze the interactions of several different
variables on the improvement of GeDI scores. To verify
that the Rasch analysis did not significantly change the
model, separate models were made which substituted
Rasch measures with Raw scores.

Two way interaction HLMs: learning gains and intervention
type

Modeling the interaction between the intervention type
and learning gains measured in either Rasch or Raw
measure produced statistically significant results for the
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Fig. 1 Contrastin the residuals for GeDl items. Letters on the plot represent different items. Counts along the bottom of the plot refer
to the number of items at that position of item measure. The x-axis indicates item Rasch Measures in logits. The y-axis indicates loadings for the first
principle component in the correlation matrix of the residuals. The clustering pattern of the loadings is an indication of dimensionality. The key

on the right of the plot aligns the letters with their corresponding item

interactions (p=0.000619 and p=0.00695). Rasch meas-
ures are used in all subsequent models (Table 2).

We calculated partial omega squared values for the
significant interaction between learning gains and the
activity type and found a value of 0.03. This constitutes a
small effect size. The plot of this regression shows similar
scores on pre-test between the two activity groups and
different measures on the post-test although the error
bars overlap (Fig. 3).

Two way interaction HLMs: learning gains and background
variables

The modeling of the interaction between being Asian or
URM and the improvement on the GeDI was not statis-
tically significant (p=0.8994, p=0.8486) (Table 2). Mod-
eling the interaction between gender and the learning
gains on the GeDI was also not statistically significant
(p=0.1899). Finally, the interaction between first genera-
tion status and the improvement on the GeDI was again
not statistically significant (p=0.8908). In summary,
there were no significant differences in learning gains for
any of the background variables we examined (Table 2).
However it should be noted that in the first HLM, in
which all background variables were modeled as random

effect variables, the intercepts for gender (p=0.0244) and
first generation status (p=0.0237) were significant for a
critical value of 0.05 but the intercepts for race/ethnicity
variables were not significant (Asian: p=0.1535, URM:
p=0.1822). This indicates that variability in learning
gains between the two activities is not explained by race/
ethnicity.

Research Question 4

Three way interaction HLMs: learning gains, intervention
type, and background variables

The final Research Question of the study was: Do any
background demographic variables interact with inter-
vention type to impact learning gains? To answer this
question, a model was built to assess the presence of a
three way interaction between activity type, learning
gains, and URM status. This was done to verify that the
statistically significant interaction between the improve-
ment and activity type did not affect students of differ-
ent race/ethnicity differently. Again, these interactions
were shown to not be statistically significant (p=0.4761
and p=0.7053) for Asian and URM students respec-
tively (Table 3). Similarly the three way interactions that
replaced race/ethnicity with gender or first generation
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Fig. 2 Wright map indicating item and person measures on logit
scale. Person (student) measures are on the left. Each “#" represents 3
persons. Each “'represents 1 person. Each person is represented twice
on the map, once for their pre-test submission and once for their
post-test submission. Each item is placed on the right (For example
item 1 is labeled as Q1). Persons higher up on the scale are inferred

to have higher ability. ltems higher on the scale are inferred to be
more difficult. The Rasch model predicts that a student should answer
items correctly that are at the same logit scale value and below them.
Wright maps of pre- and post-test results from both activity groups
are shown in Appendix 4. A comparison table of item difficulties

in pre- versus post-tests is given in Appendix 5

Status were shown to be not statistically significant
(p=0.8510, and p=0.9317) (Table 3). No demographic
variables were shown to be associated with how students
improve on the activity types.

Discussion

Research Question 1

The Rasch analysis conducted in this study enables
evaluation of the GeDI as a measurement instrument
and builds upon previous research, offering additional
insights into the GeDI’s capabilities and limitations.

Strengths of the GeDI
Item and Person Outfit: The analysis revealed a key
strength of the GeDI: strong fit of items and persons
as evaluated by Outfit MSQ. None of the items were
answered so easily correct or unpredictably that they
deviated from the Rasch model which would be reflected
by an Outfit MSQ value outside of the acceptable 0.7-1.3
range while we used a looser range of less than 2.0 for
person Outfit MSQ measures. This consistency is under-
scored by the fact that only two students, representing a
mere 1% of respondents, showed outfit measures outside
this acceptable range. This finding is consistent with that
of Tornabene et al. (2018), who found that no GeDI item
had an Outfit MSQ outside the previously established
range, reinforcing the reliability of the instrument’s items.
Unidimensionality: Another significant strength of the
GeDI is adherence to the unidimensionality assumption
of the Rasch model. Our data, corroborated by good item
and person fit, indicates unidimensionality with an eigen-
value of 1.8 for unexplained variation in the first contrast.
This result closely matches the findings of Tornabene
et al. (2018), where 1.8 was also the eigenvalue for unex-
plained variation in the first contrast, further validating
the GeDI’s capability to measure a single construct.

Weaknesses of the GeDI
Potential Multidimensionality: A potential concern
arises with the clustering of items related to genetic drift
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Table 2 Results of hierarchical linear model (HLM) regressions
Intervention type Race/ethnicity Gender First
generation
status
Rasch measure learning gains p=000619* p=0.8994 (Asian), 0.8486 (URM) p=0.1889 p=0.8908
Raw measure learning gains p=0.00695* p=0.6875 (Asian), 0.3724 (URM) p=0.4012 p=0.2549

Learning gains were measured by both Rasch measures and raw scores to determine whether results were consistent. Separate regressions were used to measure the
impact of intervention type, race/ethnicity, gender, or first-generation status on the learning gains and p values are reported for each interaction

Interactions with a p value less than the critical value of 0.01 are indicated by an asterisk
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Fig. 3 Rasch measures in the two activities for both pre-(red)
and post-tests (blue). Rasch measures in logits are plotted for HLM
model with all background variables modeled as random effects. The
interaction between learning gains and the activity type is statistically
significant (p <0.001). Vertical lines indicate 95% confidence intervals

in humans. This clustering, evident in the Standardized
Residual Contrast 1 plot (Fig. 1), suggests a possible sepa-
rate dimension. While the existence of multidimensional-
ity is not supported by the eigenvalue for the unexplained
variation in the first contrast, to explore this further, inte-
grating additional items on human genetic drift into the
GeDI could be beneficial.

Disparity in Reliability: The GeDI exhibited high
item reliability (0.95) but low person reliability (0.69), a

Table 3 Results of three-way HLMs

dichotomy that presents a major limitation in discern-
ing between student abilities in understanding genetic
drift. This pattern echoes the findings of Tornabene
et al. (2018), who also reported low person reliability
(0.62) and high item reliability (0.97). The root cause
in the current study, evident in the Wright Map, is the
misalignment of person and item measures, primarily
due to a lack of challenging questions.

Comparison to Previous Studies: When compared
to previous studies, our analysis revealed a more pro-
nounced misalignment in person and item measures,
with the instrument failing to differentiate among
44.6% of high-ability respondents. This issue was less
severe in Tornabene et al. (2018), where only 12.5% of
responses were inadequately distinguished due to the
absence of high difficulty items. However, our inflated
number compared to past results is likely due to our
inclusion of the post-test data which included higher
scores, on average, than pre-test only data. Indeed
76.2% of student’s with person measures greater than
Item 8, the most difficult item, were person meas-
ures from the post-test. To enhance the effectiveness
of the GeDI in both measuring initial understanding
and tracking learning gains over time, a larger ques-
tion bank containing questions of more varied and
increased difficulty would likely be helpful.

In summary, while the GeDI demonstrates robust-
ness in certain aspects, it also reveals areas in need of
improvement to better serve as a comprehensive tool
for assessing and tracking student understanding of
genetic drift and related concepts.

Race/ethnicity

Gender First generation status

Improvement on the GeDI and intervention type interaction

p=0.47608 (Asian), 0.70533 (URM)

p=0.851012 p=0.931759

Three regressions were used which modeled the interaction between learning gains on the GeDI and intervention type with each of the background variables.
Significant p values would indicate that the interventions did not benefit students of different background variables similarly (Research Question 2). None of the
three-way interaction regressions resulted in p values lower than the critical value of 0.01
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Research Question 2

Our findings regarding Research Question 2 (Do upper-
level undergraduate biology students gain a better under-
standing of genetic drift concepts as measured by the
GeDI after completing a SimBio activity compared to an
instructor-developed activity?) have several dimensions.

Effect size of learning gains

The analysis revealed that students who participated
in the SimBio activity, on average, answered 1.63 more
questions correctly than those who engaged in the fac-
ulty-developed activity. However, the calculated omega
square, an effect size measure, was only 0.03 for the sig-
nificant interaction between learning gains and the activ-
ity type. This low partial omega square suggests that
although the difference in intervention effectiveness on
the GeDI score improvement is statistically significant,
it does not translate into a meaningful enhancement in
student understanding. However, there is a caveat to this
conclusion. This study provided additional evidence for a
lack of questions difficult enough to distinguish between
the higher ability students. Therefore the Rasch model
treats all students with measures above the highest diffi-
culty question similarly. Given that 44.6% of the students
fell into this category, it is possible that there were mean-
ingful learning gains in very high ability students that
were not accounted for in our omega square value cal-
culation. More work is needed on this topic with a GeDI
that has more difficult items.

Content that appears on the GeDI and content covered
in both the faculty-developed activity and SimBio activity
overlap in three concepts (Table 1). Interestingly, analysis
of the person measures derived from the four items that

Table 4 Results from this study and past studies using the GeDlI
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cover these overlapping topics alone (Items, 1,3,11, and
14), yields similar results for the two activities. Although
an unpaired two-tailed t-test indicates that there were
statistically significant differences (p=0.00033) in the
mean learning gains between students in the faculty-
developed activity group (mean=1.09 logits) and the
SimBio activity group (mean=1.71 logits), the effect
sizes as measured by Cohen’s D are remarkably similar
for the faculty-developed activity (Cohen’s D=1.13) and
the SimBio activity (Cohen’s D=1.19). This is consist-
ent with the analysis of the entire set of 21 items, which
showed that while there are statistically significant differ-
ences in learning gains, the differences in effect sizes are
very small. Future research into how students improve
on different GeDI concepts should account for and seek
to confirm and contrast learning gains associated with
components of interventions with differential overlaps in
GeDI concepts. Additionally as learning gains were seen
on items that were not covered in the lectures consistent
with Price et al. (2016), further research is also needed on
identifying the causes of these learning gains and whether
they are the result of lecture materials and intervention
alone or whether there are some other ways that students
process information about genetic drift concepts.

Contextualizing with previous studies

We observed larger Cohen’s D values (Table 4) for our
learning gains than were reported for GeDI scores in
other studies using SimBio or the Genie as an interven-
tion (Price et al. 2016, Castillo et al. 2022). This difference
between our results and the previous two studies may
be underestimated because past studies did not analyze

Study group Pre-test mean (standard Post-test mean (standard Cohen’s d (Lower
deviation) deviation) 95% Cl Upper 95%
cl)
Faculty-developed activity 12,54 (1.01)* 16.48 (1.27) 1.05(0.719,1.38)
SimBio activity 12.75 (1.03)* 18.11(1.29) 1.55(1.18,1.92)
(Price et al. 2016) control 11.66 (1.64) 11.17 (1.45) —0.04(SD=0.2)
(Price et al. 2016) SimBio activity 13.13(2.02) 15.38 (2.69) 0.63 (SD=0.59)
(Tornabene et al. 2018) Northeastern University 12.35(3.59) NA NA
(Castillo et al. 2022) 2016 Genie Activity 14.18 (3.62) 16.46 (3.88) 0.608 (0.408, 0.807)
(Castillo et al. 2022) 2017 Genie Activity 17.18 (3.84) 1942 (3.23) 0.632 (0410, 0.855)
(Castillo et al. 2022) 2017 16.09 (4.16) 18.61(3.47) 0.658 (0.430, 0.886)

No Genie Activity

Pre- and Post-Test average scores are reported in raw scores and standard deviations are reported parentheses next to the scores. Learning gains are reported in
Cohen’s D measures with 95% confidence intervals in parentheses. Tornabene et al. (2018) administered the GeDI only once to students as measuring learning gains
was not an objective of that study so Post-Test average score and Cohen'’s D value are omitted due to absence. Price et al. (2016) reported standard deviation for the
Cohen’s D rather than confidence interval so standard deviation is reported in the table instead

*21/22 items were used in the current study because of a clerical error during entry of one item into the learning management system
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GeDI Rasch measures with HLMs and thus might have
overestimated learning gains measured by the GeDI.

Activity features
The two student activities involved substantially non-
overlapping subsets of genetic drift concepts (Table 1).
The faculty-developed activity was not designed as an
exercise in using all genetic drift concepts, but instead
was designed to illustrate specifically how a bottleneck
event in a metapopulation causes genetic drift and how
this can be detected by using the Fg statistic. The use
of a bottleneck example in this activity could have the
effect of enhancing the tendency of students to adopt or
maintain the misconception that drift is only caused by
major demographic events and is not a constantly occur-
ring process. This corresponds to misconception #11 in
Table 1 of Price et al. (2016) and is covered in the SimBio
lab tutorial, but is not covered by the GeDI. Therefore,
additional questions would need to be added in order to
determine whether students who were administered the
two different activities showed learning gains in this area.
The importance to evolution of subdivided popula-
tions, what are now called metapopulations, was first
highlighted by Sewall Wright (1931) and the concept has
increased in importance in evolutionary and conserva-
tion biology (Hanski 1998; Akcakaya et al. 2006). How-
ever, studies on student learning in this area appear to be
lacking. Both of the activities in this study involve meta-
population concepts related to genetic drift but they are
mostly non-overlapping and can be considered comple-
mentary. Therefore, it might be beneficial to students to
administer both activities in the same course.

Research Question 3 and 4

Exploring demographic variables

Our study also investigated the impact of race/ethnicity,
gender, and first generation status on genetic drift knowl-
edge as evaluated by GeDI scores, a topic previously
explored by Castillo et al. (2022) using two-way ANOVA.
Castillo et al. found that first generation status was a sta-
tistically significant predictor (p=0.037) for GeDI post-
test scores in one semester, and gender was a statistically
significant predictor (p=0.030) for GeDI pre-test scores
in a different semester.

We found similar results using HLMs. It is worth not-
ing that for several reasons HLM regression is a more
robust method for detecting these differences in GeDI
scores among background variables. HLM is specifi-
cally designed for analyzing data with nested structure,
while two way ANOVA does not inherently account for
nested data structures and therefore may not accurately
model the variability due to these hierarchical relation-
ships. Additionally, as HLM accounts for the hierarchical
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structure of the data, it can provide more accurate esti-
mates and inferences about the effects of the predic-
tors on the outcome variable. Finally, due to its ability to
account for variability at multiple levels, HLM models
can be more generalizable.

Our HLM regression found that there was variability in
the GeDI scores for gender (p=0.0244) and first genera-
tion status (p=0.0237) for the same critical value used by
Castillo et al. (2022). In our study, in the faculty-devel-
oped activity, males scored on average 2.09 points higher
than females on the pre-test, and in the SimBio group,
first generation students scored on average 2.84 points
lower than non-first-generation students on the pre-test.
This adds evidence to inequalities in prior knowledge for
gender and first generation status variables for students.

The prior results do not answer the question of whether
the interventions differentially affected learning gains for
different groups of students. Our study, the first to use
Rasch analysis and HLMs for this purpose, revealed that
these background variables did not significantly affect
student learning gains, thus answering Research Ques-
tion 3 (Are student demographics associated with differ-
ent learning gains on the GeDI independently of which
activity they encountered?). Additionally, the improve-
ment in learning gains observed with the SimBio activ-
ity over the faculty-developed one was consistent across
different demographic groups, allowing us to answer
Research Question 4 (Do both activities benefit students
of all background variables equivalently?).

However, due to the imbalance in our sample in terms
of ethnicity (White: n=32, URM: n=43, Asian: n=_82),
gender (female: n=103, Male: n=54), and first genera-
tion status (first Generation: n=50, non-first-genera-
tion: n=107), further research in this area is warranted
especially because our results do not necessarily conflict
with previous studies (Castillo et al. 2022) due to the fact
that we measured background variables as a predictor of
learning gains rather than as predictors of scores at any
one time point. Additionally it should be noted that since
this study was conducted in an upper division course, it is
possible that much of the student diversity that may have
contributed to different results, may have already been
lost in earlier biology classes. Most importantly, however,
while our interventions did not affect students of differ-
ent background variables differently, the activities did
not mitigate pretest differences. More effective interven-
tions that allow for these disparities to be ameliorated are
needed.

Broader perspectives on student learning about genetic
drift

Lastly, we sought to compare our pre and post-test
scores and gains on the GeDI with past studies (Table 4).
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Consistent with previous findings, our sample scored
similarly on the pre-test to other studies utilizing the
GeDI (Price et al. 2016, Tornabene et al. 2018), but less
so compared to Castillo et al. (2022). Performance simi-
larities allow comparisons to previous work. Specifically,
a critical aspect of this comparison involves the progres-
sion model of genetic drift understanding proposed by
Andrews et al. (2012). This model delineates a three-
stage development of ideas about genetic drift, in which
students typically progress from Stage I (broad miscon-
ceptions) to Stage II (conflating genetic drift with other
evolutionary mechanisms) and potentially to Stage III
(characterized by some development of correct genetic
drift concepts but with some new misconceptions form-
ing, such as the idea that genetic drift only occurs when
certain events occur).

Pre-test findings: stage | misconceptions

Our analysis of the pre-test results revealed that a signifi-
cant portion of students harbored Stage I misconceptions
about genetic drift and its role in evolution. For instance,
approximately half of the students incorrectly answered
item 4, which probes the understanding of genetic drift
in relation to evolution (47.3% in the faculty-developed
activity group and 50.0% in the SimBio group). This pat-
tern aligns with findings from Price et al. (2016), indi-
cating this common initial misunderstanding among
upper-division biology students.

Post-test developments: transition to stage Il

The post-test results, however, indicated a notable shift.
A majority of students moved beyond Stage I misconcep-
tions, as evidenced by improved performance on item 4
(81.1% in the faculty-developed activity group and 87.8%
in the SimBio group). This suggests a progression to
Stage II, consistent with the previous results mentioned
by Price et al. (2016).

Challenges in advancing to stage Il

The transition from Stage II to Stage III, however, was
less evident. item 8, identified as the most challenging in
the GeDI by the Rasch analysis, was still answered incor-
rectly by about half of the students in both on both the
pre- and post-tests for the faculty-developed activity
(Pre: 41.1%, Post: 52.6%) and for the SimBio tutorial (Pre:
44.4%, Post: 66.6%). While the SimBio group showed
more significant gains in moving past Stage II, these were
not as pronounced as the gains observed in items asso-
ciated with Stage I to II progression. It should be noted
that the format of the GeDI is not well suited for making
strong or detailed inferences about Stage III (Price et al.
2016).
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Questioning the linearity of progression of stages

The difficulty students had with Stage III misconceptions,
particularly evident in their responses to item 9, suggests
that the progression of understanding genetic drift may
not be as linear as initially proposed by Andrews et al.
(2012). For example, a higher than expected number of
correct responses were observed on this Stage III item
in the pre-test (68.4% in the faculty-developed activ-
ity group and 64.4% in the SimBio group), compared to
items targeting Stage I and II misconceptions with lower
frequencies in the sample of correct answers, indicating
that many students grasp some ideas associated Stage III
level understandings before they fully grasp Stage I and II
concepts. This divergence from the expected linear pro-
gression supports the notion that the existing model by
Andrews et al. (2012) might require revisions to accom-
modate this nonlinear progression in understanding, a
finding also consistent with Price et al. (2016).

Limitations

Overall, given their lack of overlap and the lack of over-
lap of the metapopulation activity administered in the
faculty-developed activity group with the coverage of the
GeD], the two activities should not necessarily be consid-
ered alternatives to each other. Thus, the current study
is limited to those concepts and misconceptions that
the GeDI encompasses. With respect to the GeDI, the
group that completed the faculty-developed activity can
be considered a sort of baseline with which to compare
the results of administration of the SimBio lab tutorial in
the SimBio Activity group, since it has a substantial over-
lap with the GeDI. In this perspective, the greater learn-
ing gains in the SimBio Activity group, while significant,
appear to be modest, and most of the total learning gain
exhibited in both semesters may be attributable to treat-
ment of genetic drift in the class lectures. Alternatively,
there may have been a general benefit of applying genetic
drift concepts to various types of problems in a group
active learning environment. These two potential expla-
nations are not mutually exclusive.

In the group that completed the faculty-developed
activity, the Conner and Hartl (2004) textbook was listed
as required for the course and chapter 2 from this book,
which covers genetic drift, was assigned as reading for
the population genetics unit. In the group that completed
the SimBio activity, this book was not listed as required
for the course and the reading was not assigned. Text-
book material was incorporated into the lectures, which
were identical in the two semesters, and no other assign-
ments were given from the text in the faculty-developed
activity group. Typically, many students do not complete
the textbook readings and some students complete the
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course without buying the textbook. The number of stu-
dents using the textbook in the faculty-developed activity
group is unknown, but given that genetic drift learning
gains were slightly better in the SimBio group than in the
faculty-developed activity group, it is unlikely that the
textbook substantially affected genetic drift learning in
the semester in which it was assigned.

In the faculty-developed activity group, the GeDI pre-
and post-test were both administered online in the Black-
board learning management system, with the post-test as
part of the online unit test. Questions were presented one
at a time and students were not able to backtrack. The
Brightspace learning management system was used in
the SimBio Activity group for the GeDI pre-test admin-
istration, again with one at a time presentation without
backtracking. However, in the SimBio Activity group the
unit test, including the GeDI post-test items, was admin-
istered in person, which allows students to see the whole
test at once and backtrack. Backtracking may be used by
students to attempt to use information from one part of
an exam to answer a question in another part (Budhai
2020). Backtracking is considered a way to reduce stu-
dent stress on exams (Novick et al. 2022) and has been
associated with increases in student time management
efficiency and online exam performance (Matea and Wei-
denhofer 2021). The ability to backtrack on the SimBio
Activity group GeDI post-test may thus have contributed
to the higher mean score on that administration of the
instrument.

It is possible that the inadvertent omission of item 17
may have impacted our results. This item focuses on the
specific misconception that “Natural selection is always
the most powerful mechanism of evolution, and it is the
primary agent of evolutionary change” (See Appendix 3;
Price et al. 2016). Three other items in the GeDI (10, 13,
and 20; see Appendix 3) also address this misconcep-
tion. The exclusion of item 17, therefore, is not expected
to substantially reduce coverage of this misconception in
our administration of the GeDI. Moreover, while previ-
ous Rasch analysis performed by Tornabene et al. (2018)
ranked this question as one of the more challenging ones
in the inventory, it has not been shown to be the most
difficult. Thus it is unlikely that its inclusion would have
allowed our Rasch analysis to distinguish between the
highest ability students.

Our implementation of the SimBio “Genetic Drift and
Bottlenecked Ferrets” lab tutorial differed from a pub-
lished implementation by Whitely et al. (2016), who used
the tutorial in a Team-Based Learning (TBL; Michaelsen
and Sweet 2011) flipped classroom setting. In the TBL
framework, students were assigned an outside read-
ing assignment before class, and then took a “Readiness
Assurance Test” first as individuals, and then in groups,
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prior to undertaking the tutorial. At the end of the tuto-
rial in the TBL framework, students took the graded
questions at the end of the tutorial (Part 6) as individu-
als. In our framework, only one semester involved out-
side reading (see above), which was not specific to the
activity, and students individually completed the first
two sections of the tutorial on their own before class. At
the end of class, students took the graded questions as a
group, not as individuals. The TBL framework has gen-
erally been found to be associated with significant learn-
ing gains (Liu 2016) but there are no published studies on
learning gains by students completing the SimBio genetic
drift tutorial in the TBL framework.

Conclusions

This study contributes insights into the understanding of
genetic drift and the efficacy of the Genetic Drift Inven-
tory (GeDI) as a measurement tool. It corroborates previ-
ous findings while also offering new perspectives on the
learning process of genetic drift concepts.

Our analysis through Rasch modeling underscores the
robustness of the GeDI as an assessment instrument.
We found no indications of items being too predictable
or easy, nor did we detect any clear signs of multidimen-
sionality in the instrument. These results affirm that the
GeDI effectively measures a single construct and demon-
strates high item reliability. However, a noted limitation
of the GeDI is its lack of sufficiently challenging ques-
tions, which hampers its ability to differentiate among
the highest-ability students. A large proportion of stu-
dents scored above the most difficult item in the instru-
ment, indicating a need for more challenging items.

In comparing the effectiveness of the SimBio activity
with the faculty-developed activity, our study found that
students generally performed better on the GeDI after
engaging in the SimBio activity. Despite this, the small
effect size of this difference suggests that the enhanced
learning gains with SimBio did not greatly surpass those
achieved through the faculty-developed activity. Our
overall findings lend support to the notion that active
learning strategies can enhance student understanding
of genetic drift. It is possible that the addition of more
difficult items to the GeDI could widen the difference in
performance between students exposed to the two activi-
ties, depending on which concept or misconceptions the
new items addressed. For example, items covering effec-
tive population size would align with the SimBio activity
but not the faculty-developed activity whereas items cov-
ering metapopulations could potentially align with both
activities.

Our study also explored the influence of background
variables, such as gender and first generation status, on
genetic drift learning. We observed that while both the
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SimBio and faculty-developed activities yielded similar
learning gains across different student demographics,
initial disparities in understanding based on gender or
first generation status that existed in undergraduate stu-
dents persisted in the post-test phase. This indicates that,
despite the effectiveness of these interventions, equity
gaps in understanding genetic drift remain unaddressed.

Revisiting the three-stage framework proposed by
Andrews et al. (2012), our findings reinforce the concept
that the progression of understanding genetic drift is not
a straightforward, linear process, which is consistent with
the findings of Price et al. (2016). Students often exhibit
a mix of misconceptions from earlier stages while simul-
taneously grasping concepts from more advanced stages.
This suggests that gaining an understanding of genetic
drift is a complex, multifaceted process.

In light of these findings, future research in genetic
drift education should approach the topic as a nuanced
and layered learning pathway, seeking strategies that
address the diversity in student understanding of genetic
drift concepts. Implementing approaches beyond in-class
activities may assist in promoting equitable learning in
this content area.

Appendix 1
Ecological genetics course information relevant to this
report.

A. Course Unit structure, Faculty-Developed Activity

group

Unit 1: Basic Genetics (included both molecular
genetics and Mendelian Genetics/Inheritance)

Unit 2: Population Genetics (included Faculty-devel-
oped activity with GeDI pre- and post-testing)

Unit 3: Natural Selection

Unit 4: Quantitative Genetics

Unit 5: Special Topics

B. Course Unit structure, SimBio Activity group.

Unit 1: Basic Molecular Genetics

Unit 2: Mendelian Genetics/Inheritance

Unit 3: Population Genetics (included SimBio lab
tutorial with GeDI pre- and post-testing)

Unit 4: Natural Selection

Unit 5: Quantitative Genetics

Unit 6: Special Topics
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C. Population Genetics Unit Learning Objectives (both
groups).
Lecture 1: The Hardy-Weinberg Principle

+ Be able to describe the assumptions of the Hardy-
Weinberg model for a non-evolving population

+ Be able to calculate allele frequencies from genotype
frequencies given genotype frequency data from a
population.

+ Be able to describe how genotype frequencies reach
Hardy-Weinberg expectations after one generation of
random mating.

+ Be able to describe why allele frequencies do not
change given the assumed characteristics of a popu-
lation in Hardy-Weinberg equilibrium.

Lecture 2: Linkage Disequilibrium

+ Be able to define linkage disequilibrium and describe
two distinct causes of linkage disequilibrium in natu-
ral populations.

+ Be able to calculate the expected genotype frequen-
cies given the allele frequencies of two unlinked loci
each with two alleles.

+ Be able to calculate the linkage disequilibrium
between two marker loci.

+ Be able to define haplotype and describe the impor-
tance of haplotypes in the study of human ancestry.

Lecture 3: Inbreeding and Relatedness

+ Be able to calculate and interpret the inbreeding
coefficient of a population.

« Be able to read use a pedigree to calculate the
inbreeding coefficient of a focal individual.

« Be able to interpret coefficient of relatedness values
between close relatives and distinguish between the
coefficient of relatedness and the coefficient of kin-
ship.

+ Be able to describe the effect of inbreeding on geno-
type frequencies and allele frequencies.

Lecture 4: Genetic Drift

+ Be able to define random genetic drift and explain
how random genetic drift causes evolution of a pop-
ulation.

+ Be able to explain the relationship between popula-
tion size and the strength of genetic drift.



True and Abreu Evolution: Education and Outreach (2024) 17:2

+ Be able to explain the terms 'bottleneck effect’ and
‘founder effect’ and provide examples of these phe-
nomena.

+ Be able to define effective population size and to use
equations to calculate effective population size in
cases of: (1) unequal numbers of males and females,
(2) differential variance in male and female reproduc-
tive success, and (3) time series data.

+ Be able to infer by comparisons of graphs of fre-
quency through time which of two or more neutral
alleles is in the smallest/largest population.

Lecture 5: Metapopulations and F-statistics

+ Be able to describe what a metapopulation is and
why this concept is important to biologists.

+ Be able to define what population structure is.

+ Be able to compute expected heterozygosity if there
were no population structure in a metapopulation
given allele frequencies in the subpopulations.

+ Be able to use equations to calculate the three F-sta-
tistics in Sewall Wright’s metapopulation model.

+ Be able to interpret Fgp and Fig values from metap-
opulation data and explain why they are important
statistics.

D. Population Genetics Unit Misconceptions (provided
in syllabus as a study aid) (both semesters).

1. Genotype frequencies will change due to segrega-
tion of alleles each generation.

2. Calculating whether a population is in Hardy-
Weinberg equilibrium at a gene locus is not useful
for anything

3. A calculation at a single gene locus is all that is
necessary to determine whether a population is in
Hardy-Weinberg equilibrium

4. If an allele of one locus is more likely to be found
with a specific allele at another locus than expected
by chance, this must be due to close linkage
between the two loci

5. Inbreeding is rare in nature

6. All cases of higher than expected homozygote fre-
quencies are die to mating with relatives

7. All cases of higher than expected heterozygote fre-
quencies are due to the mating system

8. Genetic drift does not cause evolution

9. Very large populations do not undergo genetic drift
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10. Any member of a population has an equal chance
of mating with any other member of the population

Appendix 2

Instructions for Faculty-developed pre-activity home-
work and in-class activity on metapopulations and
genetic drift (bottlenecks), using F-statistics.

Pre-Activity Homework (students work individually)

Instructions (on PowerPoint slide):

In the space to the right, construct a concept map
explaining metapopulations using the following con-
cepts: subpopulation, metapopulation, migration, popu-
lation size, F[ST], F[IS], allele frequencies, heterozygosity,
genetic drift, inbreeding, random mating.

For an example of a concept map, see (https://cdnl.
byjus.com/wp-content/uploads/2021/09/evolution-
concept-map.png).

RULES:

You must use all the concepts

Each concept must be connected to at least one other
concept by an arrow.

Each arrow must have at least brief text explaining the
connection.

You may use concepts more than once and you may
bring in additional concepts, if they help you explain
metapopulations.

When you are finished, save this slide as a pdf and sub-
mit it at the Blackboard submission link.

In-class activity (students work in groups of 3-4)
Instructions:

STEP 1: Obtain a whiteboard, markers, and eraser for
your group. Each group should assign one group leader.
Your group is a part of a subpopulation with 2—3 other
groups that are led by your TA. Your subpopulation is
part of the greater course metapopulation which consists
of 8 subpopulations. Once you obtain a deck of 200 cards
(alleles), IMMEDIATELY begin to shuffle the deck by lay-
ing the cards face down on the table and mixing them
around. Then, have each group member draw 25 individ-
ual diploid genotypes from the card pile for a total of 100
individuals by taking two cards at a time. There are two
alleles, red and black. Tally the genotypes that your group
draws (RR, RB, BB). You will share this number with the
other groups in your subpopulation (your TA will let you
know which groups to work with).


https://cdn1.byjus.com/wp-content/uploads/2021/09/evolution-concept-map.png
https://cdn1.byjus.com/wp-content/uploads/2021/09/evolution-concept-map.png
https://cdn1.byjus.com/wp-content/uploads/2021/09/evolution-concept-map.png
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STEP 2: Each group leader will collaborate with the
other group leaders in the subpopulation to communi-
cate the total genotype numbers. Group leaders will then
communicate this information to groups, and working
together as a group, calculate the following informa-
tion: (a) total genotype numbers (RR, RB, BB) (b) allele
frequencies (p=frequency of R, q=frequency of B) (c)
observed heterozygosity (#RB/total) (d) expected het-
erozygosity (2pq).

STEP 3: Show your work to your TA, who will write the
data for your subpopulation on the large whiteboard.

STEP 4: Once all subpopulation data has been written
on the large whiteboard, working together as a group,
spend 10-15 min to calculate the F[IS] and F[ST] of the
initial generation on your whiteboards. Check your work
with your TA and then take a picture of your whiteboard
for submission to Blackboard.

STEP 5: Immediately begin to thoroughly shuffle the
cards in the middle face down once more. A hurricane is
going through the island archipelago where this metap-
opulation is and all subpopulations will now undergo a
population bottleneck. After the deck is thoroughly shuf-
fled in the same way as previously (representing random
mating), each group member will draw 3 genotype pairs
(for a total of 12 individuals per group). Record the geno-
types and share this information with other groups in the
subpopulation as you did before.

STEP 6: Each group leader will collaborate with the
other group leaders in the subpopulation to communi-
cate the total genotype numbers. Group leaders will then
communicate this information to groups, and working
together as a group, calculate the following informa-
tion the same way as in the previous generation: (a) total
genotype numbers (b) allele frequencies (c) observed het-
erozygosity (d) expected heterozygosity (2pq).

STEP 7: Show your work to your TA, who will write the
data for your subpopulation on the large whiteboard.

STEP 8: Once all subpopulation data have been written
on the whiteboard, working together as a group, calculate
the F[IS] and F[ST]. Check your work with your TA and
then take a picture of your whiteboard for submission to
Blackboard.

STEP 9: Designate one member to submit the pictures
showing your work on Blackboard, and working together,
answer the questions.

Appendix 3
Key to item numbers in the GeDI.

Stem 1 (used for Questions 1-4):

A small island is home to a unique population of land
snails. This population was founded by 10 individuals
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that floated to the island on a log, and has been isolated
from the large mainland population ever since. The main-
land population has consistently had about 10,000 indi-
viduals in it through time. The island population reached
1000 individuals after several generations, and then
stayed at this size through time.

A team of researchers compared the genetic variation
of the mainland and the isolated island populations for
a few generations after colonization. Would a biologist
agree or disagree with the following statement?

1. The island population likely has fewer alleles,that is,
versions of genes, than the mainland population.

2. Some harmful traits may have become more com-
mon in the island population than the mainland
population.

3. Genetic drift is more pronounced in the island popu-
lation than the mainland population in these first few
generations.

4. The biologists observed genetic drift but not
evolution.

Stem 2 (used for Questions 5-7):

(Same first paragraph as Stem 1)

After forty generations, biologists measured the genetic
variation of the isolated island snail population again.
They calculated that the population of snails on the
island had remained isolated and that genetic drift had
occurred.

Would a biologist agree or disagree with the following
statement about the processes that contributed, at least in
part, to genetic drift in the population of land snails?

5. The fact that snails needed to adjust to the environ-
ment contributed to genetic drift.

6. The fact that individuals that were best suited to the
environment had a higher rate of survival contributed to
genetic drift.

7. Random survival of different individuals could not
have contributed to genetic drift because random pro-
cesses are unpredictable.

Stem 3 (used for Question 8)

(Same first two paragraphs as Stem 2)

Would a biologist agree or disagree with the following
statement about what occurred after forty generations in
the isolated population?

8. The island population may have adapted to condi-
tions on the island through genetic drift.

Stem 4 (used for Questions 9—11)

A biologist raised 100 populations of flies in a lab. At
the beginning of the experiment, each population had
16 flies: 8 with plain wings and 8 with striped wings.
These 16 flies reproduced to form the first generation of
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offspring. In each of the 100 populations, the biologist
randomly chose 16 of the offspring as breeders for the
next generation. She repeated this process for 20 genera-
tions. At the end of the experiment, half of the popula-
tions contained only plain-winged flies, and the other
half contained only striped-wing flies. Wing pattern is a
genetically controlled trait that does not affect how well
flies survive of reproduce.

Would a biologist agree or disagree with the following
statement about the experimental results?

9. The populations were isolated from each other so
genetic drift could not have caused the results.

10. The experiment did not control for all the variables,
so the environments were different enough that natural
selection contributed to the changes in the frequency of
the two wing types in these populations.

11. The small number of individuals reproducing each
generation contributed to the rapid changes in the fre-
quency of the two wing types in these populations.

Stem 5: (used for Questions 12-14)

A population of 1000 dung beetles was split into five
populations when irrigation canals were build through
their habitat. The five new populations were called the
Northern, Southern, Eastern, Western, and Central pop-
ulations. Each new population consisted of about 200
individuals. The five populations continued to evolve, and
no migration occurred among populations. One hun-
dred generations later, each population still has about 200
individuals, and a biologists investigates them.

What would a biologist expect to see in the five popu-
lations after 100 generations if the environment did not
change for any of the populations?

12. Each population would probably gain new muta-
tions through genetic drift.

13. Differences among the five populations probably
occurred when populations adapted to specific environ-
ments because most evolution results in adaptation.

14. Each population would probably have fewer
alleles,that is, versions of genes,than it would have had
100 generations ago.

Stem 6: (used for questions 15-16)

(Same first paragraph as Stem 5)

Would a biologist agree or disagree with the following
statement?

15. Chance survival of some individuals occurred in
some generations, but not every generation.

16. In the smaller populations of 200 individuals, the
processes leading to genetic drift could have a stronger
influence on a gene than natural selection.

Stem 7: (used for questions 17—18)

(Same first paragraph as Stem 5)
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All species of dung beetles lay their eggs in balls of
dung. Long legs allow the beetles to create better dung
balls, which improves reproductive success. Long legs
were common before the canals were built. However,
after the populations were separated, long legs became
less common in the most southern population.

Would a biologist agree or disagree with the following
statement?

17. Since there was no migration there could be no
genetic drift.

Additional stem 7 question not analyzed due to typo-
graphical error in question bank: An increase in the
proportion of beetles with short legs occurred because
natural selection favored individuals with shorter legs.

Stem 8: (used for Question 18)

A disorder that causes nearsightedness is caused by a
genetic mutation. Nearsightedness was harmful to peo-
ple living on a small island because they relied on sight to
interpret their surroundings. In the 1600 s, a huge storm
killed many of the people on the island. Before the storm,
0.1% of the people had this disorder. Of the 50 people
who survived the storm, 2% were nearsighted. Within a
few generations, 10% of the islanders were nearsighted.

Would a biologist agree or disagree with the following
statement about the high rate of nearsightedness in the
islanders after the storm?

18. The high rate was caused by new mutations that
resulted in genetic drift.

Stem 9: (used for Questions 19-21)

(Same first paragraph as Stem 8)

A biologist concludes that the change in frequency
of nearsighted individuals could be evidence of genetic
drift. Would she agree or disagree with the following
statement?

19. Nearsightedness must have become more com-
mon through new mutations.

20. Nearsightedness must have become more com-
mon through natural selection.

21. Nearsightedness must have become more com-
mon through people migrating from neighboring
islands.

Appendix 4

Individual Wright maps of pre- and post-test data
See Fig. 4.
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Fig. 4 Individual Wright maps of results of A Faculty developed activity group pre-test, B SimBio activity group pre-test, C Faculty-developed

activity group post-test, D SimBio activity group post-test. See Fig. 2 legend for Wright map details. Each “#" represents 2 persons. Each

n

represents 1

person. While some of the logit scales are unaligned this is inconsequential as measures from separate Rasch Analysis cannot be directly compared.
Instead interpretation must be restricted to the relative positioning of items compared to each other on different Wright maps

Appendix 5

Comparison of pre- and post-test difficulty ranks of the
21 GeDlI items used. Ranks were determined by doing
separate Rasch analyses in Winsteps and extracting
item measures. Items with the highest measures in the

analysis are the most difficult items and those with the
lowest measures are the least difficult items. A rank of
1 indicates that item was the most difficult in that itera-
tion of the GeDI while a rank of 21 indicates the item
was the least difficult in the iteration of the GeDI.
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Item Pre test difficulty rank Post test
difficulty
rank

1 14 17

2 17 18

3 21 21

4 5 14

5 8 12

6 1 6

7 18 13

8 2 1

9 16 10

10 13 8

" 11 15

12 4 5

13 6 2

14 3 3

15 7 4

16 19 20

17 20 19

18 12 9

19 9 7

20 10 1

21 15 16

Abbreviations

GeDl  Genetic Drift Inventory instrument
HLM  Hierarchical linear regression model
MSQ  Mean-squared

TBL Team based learning

URM  Under-represented minority
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