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ABSTRACT
INVESTIGATING HOW STUDENTS COMMUNICATE TREE-THINKING
by Carrie Jo Boyce
August 2015

Learning is often an active endeavor that requires students work at building
conceptual understandings of complex topics. Personal experiences, ideas, and
communication all play large roles in developing knowledge of and understanding
complex topics. Sometimes these experiences can promote formation of scientifically
inaccurate or incomplete ideas. Representations are tools used to help individuals
understand complex topics. In biology, one way that educators help people understand
evolutionary histories of organisms is by using representations called phylogenetic trees.
In order to understand phylogenetics trees, individuals need to understand the
conventions associated with phylogenies.

My dissertation, supported by the Tree-Thinking Representational Competence
and Word Association frameworks, is a mixed-methods study investigating the changes
in students’ tree-reading, representational competence and mental association of
phylogenetic terminology after participation in varied instruction. Participants included
128 introductory biology majors from a mid-sized southern research university.
Participants were enrolled in either Introductory Biology I, where they were not taught
phylogenetics, or Introductory Biology II, where they were explicitly taught
phylogenetics. I collected data using a pre- and post-assessment consisting of a word
association task and tree-thinking diagnostic (n=128). Additionally, I recruited a subset of

students from both courses (n=37) to complete a computer simulation designed to teach
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students about phylogenetic trees. I then conducted semi-structured interviews consisting
of a word association exercise with card sort task, a retrospective pre-assessment
discussion, a post-assessment discussion, and interview questions.

I found that students who received explicit lecture instruction had a significantly
higher increase in scores on a tree-thinking diagnostic than students who did not receive
lecture instruction. Students who received both explicit lecture instruction and the
computer simulation had a higher level of representational competence and were better
able to understand abstract-style phylogenetic trees than students who only completed the
simulation. Students who received explicit lecture instruction had a slightly more
scientific association of phylogenetic terms than students who received did not receive
lecture instruction. My findings suggest that technological instruction alone is not as

beneficial as lecture instruction.
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CHAPTER 1
INTRODUCTION
Problem Statement
Many phenomena in science are hard for students to understand. Phylogenetics is
a complex investigation of evolutionary relationships among organisms, and not
everyone is able to read, interpret, and create the representations (phylogenetic trees)
used to depict the hypothesized relationships (e.g. Baum, Smith, & Donovan, 2005)

(Figure 1).
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Figure 1. Phylogenetic tree (Baum et al., 2005).

The ability to read, use, and make these representations is called a person’s tree-thinking
ability (Baum & Smith, 2013). A person’s tree-thinking ability is influenced by their
ability to use visualizations and their understanding of the scientific language used when
describing these trees (e.g. Branches, Nodes, Root) (Baum et al., 2005). There are a
variety of projects or classroom activities available to help students learn to read and
build phylogenetic trees: The WHIPPO story (BioQUEST, 2006), Caminalcules

(Gendron, 2008), Flower & Trees (Herron et al., 2013), The “Nuts and Bolts” of



Taxonomy and Classification (Cummins, 2008), and Candy Evolution (King, 2012). Each
exercise guides students through activities meant to help them construct knowledge,
overcome identified tree-thinking misconceptions, and learn to build simplified
phylogenetic trees. However, these activities have not been used to investigate how
students’ communication of tree-thinking changes after varied instruction.

Learning is often not a passive endeavor, but an active one. As students work
through explicit instruction and guided exercises, they gain a better understanding of
complex topics (Bransford, Brown & Cocking, 2000; Collins, 2002; Ormrod, 2006). In
order to successfully communicate tree-thinking, students need to be able to understand
the associated language and the representation structure of phylogenetic trees (Baum et
al., 2005; Baum & Smith, 2013; Halverson, 2011; Novick & Catley, 2013). To help
students learn about phylogenetic trees, targeted instruction should blend phylogenetic
specific language with instruction on using representations (Figure 2). How students
communicate their understanding of phylogenetic trees reflects how they understand the
different components of tree-thinking. The purpose of this study is to understand

student’s communication of tree thinking after varied instructional interventions.
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Figure 2. Incorporation of thinking with visuals paired with phylogenetic language within
targeted instruction leads to successful tree-thinking communication. A. Darwin’s sketch
(Darwin Online, 2002), B. Prompt term cards, C. Targeted instruction, D. Screen shot
from Flowers and Trees.
Research Questions
1. What are the significant changes in students’ responses on a tree-thinking
assessment after varied forms of instruction?
2. What are the changes in students’ levels of tree-reading representational
competence after varied forms of instruction?
3. What are the changes in students’ associations of phylogenetic terms after varied
forms of instruction?
Limitations and Definitions
As my project targeted science, technology, engineering, and mathematics
(STEM) majors enrolled in an introductory biology course, the results of my study may

not be generalizable to upper level students. STEM majors attract individuals who are

interested in scientific subjects; as such the students enrolled in the target courses may



have a higher level of tree-reading representational competence prior to instruction than

non-STEM majors. Therefore my results may not be generalizable to non-science majors.

My population represented the demographics of the university and surrounding

area. However, I did not investigate the differences between gender and ethnic

demographic groups as there are no published studies suggesting that different

demographic groups have different tree-thinking abilities or learn differently. As my

project attempted to understand how students communicated their understanding of tree-

thinking, I may have missed a component that could enrich this study.

Definitions of Terms

1.

2.

Ancestry — the lineage or descent of a particular species

Axial Coding — the process of relating open codes together to form groups or
categories of a concept (Saldafa, 2012)

Branch — a line on a phylogenetic tree which represents the relationship between
an ancestor and its descendant(s)

Classification — placing or placement of entities into distinct biological groups
Code — a word or short phrase that describes a piece of data

Common Ancestor — an ancestor that is shared by two or more taxa or populations

. Deductive Coding — coding process that uses pre-determined categories/groupings

during qualitative data analysis to code collected data (Patton, 2002)
Inductive Coding — coding process that does not use pre-determined
categories/groupings during qualitative data analysis to code collected data

(Patton, 2002)



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Member checking — when collected data and subsequent interpretations are
discussed with participants to verify the accuracy of the findings (Patton, 2002)
Most Recent Common Ancestor — the common ancestor that occurs latest between
two or more taxa or populations

Node — the symbolic point within the phylogenetic tree that represents a common
ancestor between two or more taxa or populations

Open Coding — the first step in the qualitative analysis process that identifies and
describes the data with codes (Saldana, 2012)

Phylogenetic Tree — a visual representation of inferred evolutionary relationships
between two or more taxa or populations

Relationships — the way two or more objects/concepts are connected; in a
phylogenetic tree this is represented by a branch between a common ancestor and
its descendant(s)

Representations — objects such as images, videos, simulations, or manipulatives
that convey the meaning of a complex concept literally or symbolically
Representational Competence — an individual’s ability to view, understand, and
communicate understanding with a representation (Halverson & Friedrichsen,
2013)

Root — the “base” of a phylogenetic tree; a hypothetical ancestor to all taxa given
in a particular phylogenetic tree

Species — a distinct group of interbreeding organisms; a population evolving
through time (de Queiroz, 1998)

Trait — see Character (Figure 3)



20. Tree — see Phylogenetic Tree

21. Tree-building — and individual’s ability to use evidence to create a scientifically
accurate phylogenetic tree (Baum & Smith, 2013)

22. Tree-reading — an individual’s ability to accurately read and interpret a
phylogenetic tree (Baum & Smith, 2013)

23. Tree-thinking — an individual’s ability to read, interpret, create, and use
phylogenetic trees to convey understanding of inferred evolutionary relationships
(Baum & Smith, 2013)

24. Word Association — an exercise and a framework used to describe an individual’s
cognitive organization

25. Visualizations — see Representations

For an additional list of phylogenetic terms as described by Baum and Offner (2008)

(Figure 3).



character — a trait or feature that varies among a set of taxa (e.g., hair
color)

character-state — a variant of a character that occurs in a particular
taxon (e.g., black hair)

chronogram — a style of tree diagram in which each branch’s length is
proportional to its inferred duration

clade — a monophyletic group: A common ancestor and all its descen-
dants

cladistics — more or less synonymous to “phylogenetics,” but generally
connoting a particular philosophical approach built around the
principle of parsimony

cladogram — either a general term for a tree diagram, or a particular
style of tree diagram in which neither the amount of change nor
time is depicted

monophyly — when a set of arganisms are all descended from a com-
mon ancestor and that ancestor did not give rise to any organisms
that are not in the set

paraphyly— a variant of non-monophyly
phylogeny — an evolutionary tree

phylogenetics — the study of phylogenetic relationships and the use of
phylogenetic trees to elucidate evolutionary phenomena

phylogram — a style of tree diagram in which each branch’s length
is drawn proportional to the inferred amount of change on that
branch

plesiomorphy ~ an ancestral character state (e.g., limb presence is
plesiomorphic in reptiles)

polyphyly — a variant of non-monophyly

polytomy — a node on a phylogenetic tree that depicts an ancestral
lineage dividing into three or more descendant lineages (opposite
= dichotomy)

synapomorphy — a derived character state that is shared by a group of
organisms (e.q., hair is a synapomorphy of mammals; Loss of the
hind limb is a synapomorphy of snakes)

systematics — the branch of biology concerned with using evolutionary
and phylogenetic principles to organize classification systems and
to understand the origin and maintenance of biological diversity

taxon — a formally-named group of organisms

taxonomy — the scientific discipline concerned with discovering, nam-
ing, and classifying taxa

Figure 3. Glossary of terms used in phylogenetics (Baum & Offner, 2008, p. 1).



CHAPTER I
REVIEW OF RELAVANT LITERATURE
Conceptual Framework

My study is guided by two distinct conceptual frameworks: Representational
Competence and Word Association. Phylogenetic trees are representations of
hypothesized evolutionary relationships (e.g. Baum & Offner, 2008). Understanding
phylogenetic trees is multifaceted, and there has been substantial research investigating
learning about and using phylogenetic trees including: acceptance (e.g. Morabito, Catley,
Novick, 2010; Walter, Halverson & Boyce, 2013), diagram style (e.g. Catley & Novick,
2009; Novick, Catley, & Shade, 2012; Novick, Stull & Catley, 2012), mental
rotation/representations (e.g. Ainsworth & Saffer, 2013; Nelissen & Tomic, 1998; Maroo
& Halverson, 2011), prior knowledge (Novick & Catley, 2014), skills (Halverson, 2011;
Novick & Catley, 2013), and task order (Halverson, Boyce, & Maroo, 2014). Many of
these studies use a representation framework to organize their research and the findings.
However, these studies do not incorporate a language or word framework.

I combined the representational competence framework developed by Halverson
& Friedrichsen (2013) with the word association framework commonly used by cognitive
psychologists to assess conceptual and language learning (e.g. Cremer, Dingshoff, de
Beer, & Schoonen, 2010; Lyle, 2003; Ma, 2013; Nelson, McEvoy, & Schreiber, 2004) to
understand the changes in student’s tree-reading representational competence and

language in their communication of tree-thinking.



Representational Competence

Representational competence (=representational fluency in chemistry and
mathematics) is the ability to read, interpret, and use representations to communicate
understanding of a specific topic (Bieda & Nathan, 2009; Halverson & Friedrichsen,
2013; Johri, Roth, & Olds, 2013; Kozma & Russell, 2007; Niemi, 1996; Suth & Moyer-
Packenham, 2007). Representational competence was first developed in mathematics
where individuals were said to have achieved mathematical understanding when they
could relate the conventions of mathematics (e.g. elements, symbols, order of operations)
across representations (Niemi, 1996). In chemistry, students are said to be fluent in using
chemistry when they can understand the conventions of the chemical representations:
mentally translate from one representation to another, create and use representations to
solve problems (Gilbert & Treagust, 2009) and understand that the underlying concepts
are the same through all chemical representations (Kozma & Russel, 1997). In
systematics, the same tenants exist to define representational competence with
phylogenetic trees.

To have competence with phylogenies, individuals must be able to recognize the
conventions of phylogenetic trees (e.g. parts, conceptual organization) and be able to
translate that understanding across diagrams (Halverson, 2011). However,
representational competence is not an all or nothing endeavor. Representational
competence in all areas is described in levels that individuals have and pass through as
they gain a better understanding of the representations in question. Halverson &
Friedrichsen (2013) identified seven levels of representational competence: (1) No use;

(2) Superficial use; (3) Simplified use; (4) Symbolic use; (5) Conceptual use; (6)
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Scientific use; and (7) Expert use. Each level is divided into two parts: tree-reading and
tree-building (Halverson & Friedrichsen, 2013). For the purposes of this study, I use the
levels of tree-reading representational competences as described by Halverson and
Friedrichsen (2013) to understand how varied instructional interventions impact student’s
level of tree-reading competency.

Word Association

Everyday experiences impact how people develop an understanding about the
world; this is especially true when we think about people’s language and language
development (Cremer et al., 2010). In order to better understand how people learn
language and the associated meanings, psychologists use word association exercises to
identify associations and monitor lexical (vocabulary) (Cremer et al., 2010; Ma, 2013;
Meara, 2011) and semantic (conceptual) language development in second language
learners and children (Bilgin, Coskun, & Aktas, 2013; Cremer et al., 2010; Ma, 2013).
Word association exercises that investigate the semantic cognitive organization help
researchers understand concept-based learning (Bilgin et al., 2013; Ma, 2013).

How people recall information will change based on how the information is
cognitively organized. When knowledge is organized, individuals have an increased
capacity to recall information (Bilgin et al., 2013; Nelson et al., 2004). Word association
exercises provide insight into this cognitive organization (Cremer et al., 2010; Lyle,
2003; Nelson et al., 2004; Ma, 2013). These exercises ask individuals to think of a single
word or phrase in response to a key word (stimulus); the choice of recalled word or

phrase depends greatly on two specific things: (1) the organizational system of an
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individuals’ knowledge or their cognitive organization (Nelson et al., 2004; Ma, 2013)
and (2) the stimulus causing the response (Lyle, 2003; Ma, 2013).

An individual’s knowledge organization system is a dynamic entity, each system
constantly changing as new information is added and as information is recalled (Nelson
et al., 2004). As individuals take in new concepts and language associated with those
concepts, they fit this new information together with previously known concepts and a
new semantic organizational system is created (Cremer et al., 2010; Lyle, 2003; Ma,
2013), linking all of the information together. Because each new piece of information is
related to and builds upon existing information, individuals continually update their
knowledge organization (Nelson et al., 2004).

Every time information is linked, networks of ideas, not only words, are
constructed. These networks serve as cognitive pathways between new and previous
knowledge. As the number of networks increase, it becomes easier for people to recall
information (Lyle, 2003). As individuals learn new language components, they not only
learn the object label but the meaning extension (the many different possible meanings of
that word) for each of the words being taught (Cremer et al., 2010). This occurs not only
in specific language learning (e.g. infants’ first language, learning a second language),
but in classroom conceptual learning as well. For every course a student takes, they learn
a new set of extensions and object labels for new terminology. This is especially true in
science courses where the terminology can be foreign in terms of object label and
extension (e.g. cell concepts, physics concept of matter) (Bilgin et al., 2013; Kirik &
Kaya, 2014) or the object label is familiar with foreign extensions (e.g. phylogenetic

trees).
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Learning a new concept, such as phylogenetics, can be challenging. Individuals
are learning how to mentally rotate phylogenetic trees, while learning new extensions of
common words. For instance, in everyday language root can mean either the object
attached to plants, the beginning of time, or the base of a word. Whereas in phylogenetics
it means the base of the diagram or a specific diagram style (i.e. rooted vs unrooted
trees). Learning new tree-thinking skills and phylogenetic language can add to the
difficult task of learning and talking about phylogenies.

Representations

Representations are used to communicate concepts and ideas in the universal
language of visuals. They are tools, such as images, videos, simulations, or manipulatives
(Ainsworth, Prain, & Tyler, 2011; Buczynski, Ireland, Reed, & Lacanienta, 2012; Hoban
& Nielsen, 2012). They can be created by the instructor, student, or both depending on
the desired learning outcome, time, and feasibility of incorporating the representation
(Ainsworth et al., 2011; Nelissen & Welko, 1998; Phillips, Norris, & Macnab, 2010) to
engage students during instruction and depict science concepts.

If the representations are not used appropriately, and the relationships between the
representations are not explained (Corradi, Elen, & Clarebout, 2012), the representations
may hinder, rather than enhance student learning (Kozma & Rusell, 2007). Simply using
representations for the sake of using them does nothing to enhance student learning and
may encourage misconceptions to develop. Words may sometimes fail to convey
information due to language barriers such as different native tongues, use of technical

jargon, and colloquialisms. Representations can be used to break through language
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barriers in all areas of life from day-to-day activities (i.e. road signs, building exits) to
educational environments (i.e. lecture images, text book images, and simulations).
Representations in Science

Representation can be thought of in two ways: what is being represented and how
it is being represented (Nelissen & Welko, 1998). This is true for all subjects that use
representations. In mathematics representations can range from Arabic numbers (Perkins
& Unger, 1994), to symbols used to described fractions (Niemi, 1996), to mathematical

formulas (Nelissen & Welko, 1998) (Figure 4).

b+t vb?2 — 4ac
B 2a

X

Figure 4. Quadratic equation.

In chemistry, representations can range from drawings representing the macroscopic level
to illustrations describing the symbolic (Johnstone, 2000). To conceptually understand
any complex topic using representations, learners need to be able to understand all of the
conventions associated with the representations used in that subject (Gilbert & Treagust,
2009; Halverson, 2011; Kozma & Russel, 1997; Niemi, 1996). For example, to
conceptually understand chemistry, learners need to gain an understanding of the
different levels that experts used to understand and reason through chemical problems:
the triplet of chemical reasoning structure (Corradi et al., 2012): the macro level, the sub
micro, and the symbolic (Johnstone, 2000). Students that are not able to mentally
incorporate all of the levels together tend to lack a greater understanding of chemical
concepts. However, when instructors use representations as instructional tools, students

are then able to use those representations as reasoning tools when communicating their
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understanding of chemical concepts, and to solve chemical equations (Domin & Bodner,
2012; Kumi, Olimpo, Bartlett, & Dixon, 2013). When students’ ability to use and reason
with representations increases, so does their chemical understanding. Their
understanding is further enhanced when instructors use representations from each level of
chemical reasoning (Domin & Bodner, 2012). As their understanding of chemical
concepts increases, so does their ability to communicate using representations (Corradi et
al., 2012). Using multiple representations coupled with explanations of the relationship
between each representation (either text or verbal) can help students better understand the
concept being presented (Kumi et al., 2013). This provides a framework for students’ to
use when learning about chemical concepts (Corradi et al., 2012). When students can
create and use multiple representations to communicate their understanding of complex
concepts like chemistry, they exhibit the highest level of representational competence
(Halverson & Friedrichsen, 2013; Kozma & Russel, 2007; Kumi et al., 2013).

Using multiple representations to communicate understanding of a complex topic
is not unique to chemistry. Phillips et al. (2010) found that developmental/molecular
biology, cellular biology, and genetics/genomics frequently use multiple representations.
This is not surprising as these areas of the biological sciences have a lot in common with
chemical concepts and biochemical processes. Each of these areas of biology shares a
similar triplet reasoning structure as chemical reasoning. However, in biology these
levels relate less to the structure of atoms, chemical compounds, and function of forces,
but more to cellular interactions (Takayama, 2007). As with chemical reasoning, to truly
understand developmental/molecular biology, cellular biology, and genetics, students

need to understand how the levels work together.
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In developmental biology, many of the representations emphasize the stages of
embryonic development in discrete units; each stage is followed by another until
development is complete (Hardin, 2008). However, breaking up embryonic development
promotes the misconception that it happens in distinct periods with pauses between
(Hardin, 2008). Likewise in cellular biology and genomics, multiple representations are
used to elaborate how the genetic code can be translated from the nucleotide base pairs to
DNA, then condensed into chromosomes, and continues on to elaborate how the genetic
code can be used to build proteins (Takayama, 2007).

In genetics, representations often show nucleotide base pairs aligned with each to
show students different gene segments. These segments are used to create a phylogenetic
tree (Figure 5) that represents the inferred evolutionary relationships between different

genes (Baum & Offner, 2008; Takayama, 2007).

E F C A

Figure 5. Phylogenetic tree (Crisp & Cook, 2005).

Phylogenetic trees are the representations of hypothesized evolutionary
relationships between species and higher taxa (Ainsworth & Saffer, 2013; Baum &
Offner, 2008; Baum & Smith, 2013; Novick & Catley, 2013; Novick & Catley, 2014;

Halverson & Friedrichsen, 2013). These trees depict the hypothesized relationships
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between extinct and extant organisms, and are used to elaborate how different taxa,
genes, cell signaling pathways, and many other biological processes are related through
time (e.g. Baum & Offner, 2008). However, these trees are frequently hard for a student
to comprehend because of their inability to understand the biological relationships the
tree is representing (Ainsworth & Saffer, 2013; Baum et al., 2005) and because students
need to understand the representation parts (e.g. branches, nodes, tips) (Ainsworth &
Saffer, 2013).

Historically, phylogenetic trees were created using morphological characters
(Lemey, Salemi, & Vandamme, 2009). However, the idea that species are distinct groups
without variation can cause confusion as students are taught to classify organisms based
on the trait differences between species. In order to understand phylogenetic trees,
individuals need to accept and understand that species are not carbon copies of each
other, even if they have similar traits (Evans, Rosengren, Lane, & Price, 2012; Shtulman
& Checa, 2012). Students do not necessarily understand speciation (Evans et al., 2012;
Shtulman & Checa, 2012) and have some difficulty noting small differences in character
states in phylogenetic trees and cladograms (Ainsworth & Saffer, 2013). For instance,
zebras are identifiable to even the youngest child by the black and white striped pattern of
their coats. At first glance, it would seem that all zebras are the same. The striped pattern
found in zebra fur is not the same pattern distributed across the species; each individual
has its own pattern (Evans et al., 2012). When students are presented with an organism
that does not fit perfectly within known groups, they do not know what to do (Evans et
al., 2012). The characteristics that are used to identify species groups serve as a set of

guidelines rather than hard and fast rules that apply to the majority of the individuals
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within a species (Shtulman & Schulz, 2008). Phylogenetic trees can help students gain a
better understanding of evolutionary relatedness through explicit instruction, resulting in
a tree-thinking understanding.

Current studies using phylogenetic representations focus on students’ tree-
thinking ability; how students read, interpret, create, and use phylogenetic trees
(Ainsworth & Saffer, 2013; Baum & Smith, 2013; Novick & Catley, 2013; Novick &
Catley, 2014; Halverson et al., 2013; Halverson, 2011; Halverson, Pires, & Abell, 2011),
identifying misconceptions (Baum et al., 2005; Crisp & Cook, 2005; Halverson et al.,
2011; Meir, Perry, Herron, & Kingsolver, 2007; Novick & Catley, 2013; Thanukos,
2009), influence of directionality of tree-reading (Novick & Catley, 2014), and the effect
of test order on tree-building (Halverson et al., 2014). Additionally, Halverson (2011)
identified three core skills students need to overcome tree-thinking misconceptions: (1)
Recognizing and understanding tree parts; (2) Identifying and using a scientific approach
when reading and analyzing phylogenetic trees; and (3) Using phylogenetic trees to
support ideas and inferences about biological relatedness. These skills can be applied, not
only when reading about phylogenetic trees, but also when building them.

There is a conceptual understanding to building phylogenies (Baum & Smith,
2013; Novick & Catley, 2014; Perry et al., 2008). In order to build an accurate
phylogenetic tree, students not only need to understand the parts and pieces of a
phylogenetic tree (e.g. Ainsworth & Saffer, 2013; Baum & Offner, 2008; Crisp & Cook,
2005; Halverson, 2011; Novick & Cately, 2012), but they also need to understand the
language associated with phylogenetic trees (Baum & Offner, 2008; Crisp & Cook, 2005;

Halverson, 2011; Halverson & Friedrichsen, 2013). Certain terminology used, when
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discussing phylogenetic trees, is familiar to students because they are also used in
everyday language such as branch, root, and tips. On the other hand, there are many
terms associated with phylogenetic trees that are not used in everyday language such as
clade, taxon, and trait (Baum & Offner, 2008). If students do not understand the language
used in systematics, learning about trees can be challenging. Additionally, multiple data
sources are frequently used when building phylogenetic trees, such as morphological,
isotopic, geologic, and molecular data (Simpson, 2006). However, overlaying multiple
data sources does not always make one simple tree. Scientists can use these multiple
representations to understand the evolutionary history of related taxa and communicate
their understanding of how the taxa are related.
Representations in Technology

A growing area of representation research is in technology based representations.
Mistler-Jackson and Songer (2000) suggested that the different types of technology and
their application would change how students are educated, which is much debated. This
raises two important questions: (1) Will the technology used engage and/or motivate the
students to be actively involved in learning; and (2) How does the use of technology
interact with the quality of student learning. Answering both of these questions is vital to
understanding how to improve student learning with technological representations.
Understanding how technology engages and motivates students is an important field of
research that is directly impacted by how the technology is used. If the technology is not
applied appropriately, then the quality of learning will decrease as well as motivation and

engagement.
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Carle, Jaffee, and Miller (2009) define technology as any tool that uses
“computer-based hardware and software” (p. 376). This broad definition of technology
includes e-learning environments, internet use, and some forms of educational gaming.
These technological forms do not necessarily use representations to understand student
learning. However research in animations (Barak, Ashkar, & Dori, 2011; Dalacosta,
Kamariotaki-Paparrigopoulou, Palyvos, & Spyrellis, 2009; Hoban & Nielsen, 2012;
Matuk, 2008; Marbach-Ad, Rotbain, & Stavy, 2008; O’Day, 2008; Yarden & Yarden,
2013), computer gaming (Ketelhut, 2011), computer simulations (BioQUEST, 2006;
Falvo, 2008; Holzinger, Kickmeier-Rust, & Albert, 2008; Khan & Chan, 2011; Lin,
Bergland, & Klyczek, 2011), haptic interfaces (Bivall, Ainsworth, & Tibell, 2011), and
virtual reality (Barrett, Stull, Hsu, & Hegarty, 2015; Corbit, Wofford, & Kolodziej, 2011;
Hwang & Hu, 2013; Kartiko, Kavakli, & Cheng, 2010) investigate how technology based
representations impact learning.

Research has found that students who receive greater benefits from dynamic
(moving) visual representations, rather than static (non-moving) representations (Barrett
et al., 2015; Holzinger et al., 2008). Static images, in contrast to animations, show every
step of science processes at once (Stith, 2004) or as serial images that require the reader
to mentally assemble the scientific process. Dynamic representations provide guided
learning to students (Barrett et al., 2015; Kartiko et al., 2010) which may in turn lead to
increased student engagement (Rapp, 2007). In some instances, technology based
representations (i.e. animations, simulations, and virtual reality) augment the potential for
misconceptions (Tarng, Change, Chang, & Liou, 2008). While the quantity of research

using representations and technology has increased, there are few studies that investigate
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the appropriate application of technology based representations (Carle et al., 2009; Stull,
Barrett, & Hegarty, 2013).

Many studies have characterized the attributes technology-based representations
need to reduce the number of misconceptions created by students. O’Day (2008)
synthesized these guidelines into the following general categories: use of content
material, animation layout logistics, narration and tone, and student control and additional
cues. Each of these elements should appear simultaneously with narration to help the
viewer link the events together, thus allowing for comprehension of the science content
(Barrett et al., 2015; Holzinger et al., 2008; Phillips et al., 2010; Vavra et al., 2011).
Focused content allows for the material to be more coherent while not overloading the
viewer (O’Day, 2008). If the students become overloaded, then the information being
represented will be lost.

One way to keep from overloading students is to give them control of the
representation (Barrett et al., 2015; Rapp, 2007). Some simulations, educational games,
virtual learning environments, and haptic interfaces allow students to guide their learning
by controlling the speed and playback capabilities of the technology based representation.
A haptic interface is one in which sensory information is given to the learner as they
work through a simulation or virtual interface (Bivall et al., 2011). As the students work
through the haptic interface, they use a joystick to manipulate models. When students
work through simulations about molecular forces, they felt resistance in the joystick as
they move two molecules closer together (Bivall et al., 2011). The more students used the
haptic interface trying to force molecules together, the more they feel resistance in the

joystick (Bivall et al., 2011). This resistance provides a sensory framework for students to
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refer to when thinking about molecular forces. Using this type of simulation students
were able to learn about molecule forces, stay engaged, and create fewer misconceptions
about forces as they would with a traditional representation (Bivall et al., 2011).

To a great extent, research investigating technology-based representations has
been limited to understanding how animations affect student learning. However, an
additional area that lends itself to understanding student learning with technological
representations is the virtual world. Some researchers are investigating how virtual reality
(Barrett et al., 2015; Tarng et al., 2008), and the animated avatars (representations of the
user) found in online gaming platforms and virtual realities, help students understand
different science concepts (Kartiko et al., 2010; Mraz, Boyce, Halverson, & Clase, 2013).
As learners walk through a virtual reality environment, they are able to manipulate the
3D and sometimes 4D representations that exist in that reality. They are in control of their
own learning speed, rather than being restricted by the rate of play of both animations and
simulations. In addition to user control, virtual realities can be imbedded with an avatar.
These avatars can increase motivation and retention rates (Kartiko et al., 2010) while
allowing students to feel more in control of their learning environment. This results in the
potential for increased learning using animations.

The virtual world promotes learning through easy-to-use tools (Barrett et al.,
2015; Kartiko et al., 2010). However, there is the potential for developing
misconceptions (Barrett et al., 2015; Tarng et al., 2008) because the virtual world is not
real. The lack of true reality may cause students to not make connections between
concepts learned in the virtual learning environment and the real world. Virtual worlds

and simulations are not the end-all answer to teaching. The opportunities for
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misconceptions to occur still exist. Technology-based representations, however, can be
used in conjunction with other teaching methods to reduce the chance for misconceptions
through repeated and varied instruction. This allows for the student to experience the
information in multiple forms over time, thus allowing the student to address their prior
ideas and form accurate ones.
Literature Gaps

Many studies have found that representations help students learn complex topics
in various areas of science, including chemistry, biology, physics, geography, and
mathematics. The majority of these studies are in the fields of chemistry, molecular and
developmental biology, and mathematics, with few studies in the realm of evolution or
ecology. The research with representations and evolution are focused largely on
understanding students’ tree-reading ability (Ainsworth & Saffer, 2013; Baum et al.,
2005; Halverson et al., 2011; Novick & Cately, 2013; Novick & Catley, 2014; Catley,
Novick, & Funk 2012) and students’ representational competence with phylogenies
(Halverson & Friedrichsen, 2013). However, there are no studies investigating how
students’ tree-reading ability, representational competence, and understanding of the
phylogenetic language come together to help them communicate their understanding of
phylogenies. One way to assist students in learning about phylogenetic trees,
understanding the language, and thus increasing their representational competence is
through explicit, repeated instruction (Bransford et al., 2000). This can be accomplished
through traditional lectures and hands-on activities, such as virtual simulations.

Before 2000, research relating technology with learning was negligible, and more

research was needed in an effort to assess technology use in primary and secondary
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classrooms (Mistler-Jackson & Songer, 2000). Since then research surrounding the use
of technology and representations has increased tenfold, with the majority focusing on
animations, simulations and virtual interfaces. However, with the exception of The
WHIPPO story (BioQUEST, 2006) and EvoBeaker’s Flower & Trees (Perry et al., 2008),
current research investigating representations with technology takes place in lectures or
in informal education settings (Barrett et al., 2015; Tarng et al., 2008). Additionally, most
technology-based representation research focuses on which elements found in
animations, simulations and virtual reality are best for learning. However, few studies
investigate the impact on learning when technology-based representations are used in
tandem with explicit instruction in the classroom.

Future research should determine the changes in how students communicate their
understanding through: (1) the changes in their tree-reading skills; (2) the changes in their
representational competence; and (3) the changes in how they associate the language of

phylogenies, in order to accurately identify students’ understand tree-thinking.
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CHAPTER 1III
METHODOLOGY
Procedure

I conducted a mixed-methods study at The University of Southern Mississippi
(USM) to understand how students communicate their tree-thinking understanding after
varied types of instruction. Mixed-method studies combine quantitative and qualitative
methodologies to create an extensive data set for analysis. The detail provided by the
qualitative analysis verifies and explains the findings from the quantitative analysis.
Whereas the qualitative analysis alone provides insights into how students communicate
tree-thinking and cognitive organization, it cannot determine the overall changes in
students’ tree-thinking the way a quantitative analysis can. Using the two methodologies
together results in breadth (quantitative) and depth (qualitative) of understanding of
students’ tree-thinking ability, thus providing stronger conclusions (Patton, 2002).

The quantitative portion of my project provided an overview of the changes in
introductory biology students’ tree-thinking. The qualitative portion of this project
provided a detailed understanding of how undergraduate students communicate their
understanding of tree-thinking: ability to read, use, and create evolutionary trees. My
dissertation utilized a quasi-experimental design to determine changes in students’ tree-
thinking ability, representational competence, and mental association of terms used in

conjunction with phylogenetic trees (Table 1).
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Table 1

Quasi-experimental design groups

Group I: Control Group II: Group III: Lecture  Group IV: Simulation
Simulation Only Only & Lecture
Forolled B5E " Enrolled BSC 110 Enrolled BSC 111 Enrolled BSC 111
 NoSimulation ~ Simulation No Simulation Simulation
No Repegted No Repegted Repeat.ed Repeated nstruction
Instruction Instruction Instruction

I collected data from the Principles of Biological Science two-course series: Principles of
Biological Science I and II (BSC 110 and 111, respectively). Data sources used to answer
the research questions for my project included: a pre/post-assessment which consisted of
a tree-thinking diagnostic with word association task, the Flowers and Trees virtual
laboratory simulation workbook, and semi-structured interviews (Tables 2 & 3).

Table 2

Data matrix: Study purpose and research questions by data sources

Purpose: Understand student’s tree-thinking communication after varied instruction.
Data Sources
Research Questions Pre/Post- Simulation Semi-Structured
Assessment Workbook Interviews

1. What are the significant
changes in student's responses
on a tree-thinking assessment
after varied forms of instruction?
2. What are the changes in
student's levels of
representational competence
after varied forms of instruction?
3. What are the changes in
students' associations of
phylogenetic terms after varied
forms of instruction?

Note: P = Primary Source, S = Secondary Source
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Data sources attributed to research questions
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Research Question

Data Source

Question/Task

1. What are the significant
changes in student's responses
on a tree-thinking assessment

after varied forms of
instruction?

Pre & Post Assessment

4414

2. What are the changes in

student's levels of

representational competence

after varied forms of
instruction?

Semi-Structured
Interviews:
Retrospective Pre-
Assessment

Semi-Structured
Interviews: Post-

#4-14

Assessment
Simulation Workbook Exercises 2-6
3. What are the changes in Pre & Post Word #1-12

students' associations of
phylogenetic terms after varied

forms of instruction?

Association Exercise

Card Sort Task

Prompt Terms # 1-12;
Response Terms # 1-12

Setting

I recruited students from the Principles of Biological Science two-course series:

Principles of Biological Science I and II (BSC 110 and 111, respectively). Typically,

students take the two-course series in order (BSC 110 followed by BSC 111); however,

this order of enrollment is not a requirement. To eliminate an additional variable in the

data, I restricted participation in the study to students who were taking the course series

in order. Therefore, student participants were distributed into one of four groups based on

enrollment choices (See Table 1).

The BSC 110 lecture focuses on basic biological principles (e.g. cellular

organization), processes (e.g. cellular division, metabolism) and methods (e.g.
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experimental design). There were two sections, each taught by different instructors
(Instructor A & B). Through classroom observations, I determined that the instructors
taught the same content material, with similar timing (i.e. instructors taught the same
chapters within two class periods of each other) in each course section. However,
teaching styles differed slightly. For example, Instructor A, while never teaching about
phylogenetic trees or evolution specifically, used some of the associated language
occasionally while teaching other topics because there is an inherent overlap in the
language. For instance, when teaching genetics, they used terms such as Ancestry, Taxon,
and Trait. These terms are found in both genetics chapters and evolutionary history
chapters, and two of these terms (Ancestry & Taxon) are part of my prompt term list
(discussed in the Data Sources section later in this chapter). However, the amount of
overlapping language was minimal and limited to early weeks in the semester. Likewise,
Instructor B, also never taught about phylogenetic trees or evolution. However, Instructor
B attempted to minimize the use of certain terms associated with phylogenetic trees or
evolution while teaching other topics. For instance, Instructor B did not use the terms
Ancestry or Character when discussing genetics, instead using “genetic history” and
Traits. Instructor B also limited the little overlapping language they did use to the early
weeks of the semester. While Instructor B purposely limited use of language that
overlapped with genetics and evolution and Instructor A did not, the resulting use of
language in class was similar between the two instructors. Therefore, I felt confident
combining the students from both Instructor A & B into their respective quasi-

experimental design groups (II & III).
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The BSC 111 lecture emphasizes evolution, organismal diversity, and organ
systems. During the first unit of BSC 111, students are taught about evolution and
phylogenetic trees. Instruction in phylogenetic trees included explicit details on how to
interpret tree diagrams and what data scientists use to generate phylogenetic trees.
Throughout the remaining units, students are continually exposed to images of
phylogenetic trees through their textbook and repetitive instruction on organismal
diversity and trait evolution, but are not explicitly taught tree-thinking after the first unit.
There were two sections, each taught by different instructors (Instructor C & D). Through
classroom observations, I confirmed that the instructors taught similar content in a similar
timeframe. However, how instructors taught tree-thinking was slightly different.
Instructor C used static and dynamic images within Microsoft PowerPoint presentations
to teach tree-thinking. They also provided in-class time for students to work together on
problems about tree-thinking. Instructor D used similar methods, but also used
manipulative models to help students understand phylogenies. Even though Instructor D
used manipulatives to help teach tree-thinking, which does influence students tree-
thinking (e.g., Halverson, 2010), this form of instruction occurred twice in the tree-
thinking unit. Students from Instructor D’s course did not mention the manipulatives
during the interviews at all when asked how using the simulation compared to class.
Therefore, I felt confident combining the students from both Instructor C & D into their
respective quasi-experimental design groups (III & IV).

Quasi-Experimental Design Groups. Group I: Control Group; students enrolled in
BSC 110 only and did not complete the computer simulation; these students did not have

instruction of any kind from their coursework. Group II: Simulation only; students
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enrolled in BSC 110 only and completed the instructional intervention; these students
only received instruction through the computer simulation and not from their coursework.
Group III: Lecture only; students enrolled in BSC 111 and did not complete the computer
simulation; these students received instruction through their coursework, but not through
the computer simulation. Group IV: Simulation and Lecture; students enrolled in BSC
111 and completed the computer simulation; these students received multiple modes of
instruction.

Target Population

I restricted participants in this study to those who were enrolled in a Principles of
Biological Sciences two-course series at USM, a high research activity university. The
majority of students enrolled in this course series were science, technology, engineering,
and mathematics (STEM) majors. The students enrolled in these courses reflect the 2014-
2015 Academic Year gender and ethnic demographics of the university (Table 4)
(University of Southern Mississippi Fact Book, 2014).

Table 4

University demographics for fall semester 2014

Total Male Female
Tow 100%  3633%  63.67%

Caucasian 61.46% 23.62% 37.84%
African American 30.49% 9.5% 20.99%
Hispanic 3.35% 1.22% 2.13%
Asian 1.22% 0.55% 0.67%
Amer. Indian/Alaska Native 0.34% 0.13% 0.21%
Non-Resident Alien 0.7% 0.37% 0.32%
Multi-Racial 1.81% 0.72% 1.08%
Native Hawaiian/Other Pacific Islander 0.12% 0.05% 0.07%

Other 0.52% 0.17% 0.35%
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I restricted participation in this study to students who were 18 years of age or
older by asking for their date of birth before participation. I gave all students who met the
age qualification from the BSC 110 and BSC 111 sections opportunity to participate in
this study. Due to the potential volume of students participating in the study, I targeted
specific students to complete the computer simulation and subsequent semi-structured
interview. | invited students to act as key informants based on their pre-assessment scores
(high-, moderate-, and low-achieving students). I invited at least 20 participants from
BSC 110 and 111 each to act as key informants for the qualitative portion of this study; a
total of 37 students agreed to act as key informants. Students who wished to receive extra
credit but did not want to participate in my study were given the option of completing an
equally valued alternative assignment. No students elected to complete the alternative
assignment.

Data Collection Timeline

I collected data from BSC 110 and BSC 111 during the Fall 2014 and Spring
2015 semesters. During the Fall 2014 semester, I collected data from two sections of BSC
110 and one section of BSC 111. During the Spring 2015 semester, I collected data from
one section of BSC 110 and two sections of BSC 111. I collected data in a structured
manner for each course treatment group so that I could have access to pre and post
responses from all participants (Table 5). A complete description of these courses and the

instructions can be found in the Setting section of this chapter.
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Table 5

Dissertation data collection timeline

BSC 110 BSC 111
Week 1 Administer Pre-Assessment Administer Pre-Assessment

Pre-Assessment Analysis & Phylogenetics
Week 2 Unit

Week 3 Phylogenetics Unit continued

Pre-Assessment Analysis

Week 4 Administer Post-Assessment

Week 5
Week 6

Week 7 Invite students to complete the
Week 8 computer simulation and

semi-structured interview. .
Week 9 Invite students to complete the computer

Week 10 simulation and semi-structured interview

Week 11
Week 12

Week 13
Week 14  Administer Post-Assessment

Week 15 Data Analysis

Week 16 Data Analysis

For the BSC 110 courses, I administered the pre-assessment during the first week
of class. I then scored the pre-assessment during week two to select key informants. I
invited key informants to complete the computer simulation and semi-structured
interview over the next 11 weeks. I administered the post-assessment at the end of the
semester to allow for more time for data collection. For the BSC 111 courses, 1
administered the pre-assessment during the first week of class. I then scored the pre-
assessment and used those scores to select key informants. I administered the post-

assessment immediately after Unit 1: Phylogenetic Trees, rather than at the end of the
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semester in order to identify changes in students communication attributed to lecture
alone and a combination of lecture and computer simulation.
Data Sources

Data sources included a pre- and post-assessment, the Flowers and Trees
workbook used with the computer simulation, and a semi-structured interview.

Pre/Post-Assessment. The assessment consisted of two parts, a word association
exercise and a tree-thinking diagnostic (Appendix A). I used the word association
exercise to discover what word choices individuals make as a response to specific prompt
terms relating to phylogenetic trees. This exercise illustrates which words students
mentally associate together, and how they perceive different topics. By presenting
stimulus words/phrases that are specific to phylogenetics, we can see how people think
about these terms (Lyle, 2003). I selected the terms used for this exercise from Baum and
Offner (2008) and Baum and Smith (2013) as these authors define common terminology
used in conjunction with phylogenetic trees. I used the tree-thinking diagnostic to
understand students’ level of tree-reading representational competence with phylogenies
before and after instruction.

For the in-class word association exercise, I created a 13-slide Microsoft
PowerPoint presentation of the prompt terms in alphabetical order. The first slide was an
instruction slide, informing the students that there were no correct answers for this type
of exercise, and for each word I presented, they should write the first word or phrase that
came to mind on the provided answer sheet. Each slide thereafter contained a single
prompt term centered on the slide in large font (Appendix B). Each prompt term slide

was shown to the students for 30 seconds, at the end of time I progressed the presentation
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forward one slide until all 12 prompt terms had been presented. After students completed
the word association exercise, they were instructed to complete the attached tree-thinking
diagnostic.

The tree-thinking diagnostic consisted of 14 questions, three demographic
questions targeted students’ previous experiences with phylogenetic trees, the last nine
covered students’ understanding of evolutionary relatedness, lineages, common ancestry,
and tree-reading. This diagnostic was developed by a research team at the National
Evolutionary Synthesis Center (NESCent). My role within the team was to determine the
validity and reliability of the diagnostic.

Validity is assessed in two ways: content validity and face validity. As this
instrument was created and revised by five experts in the field of tree-thinking and
experts in the field of learning with representations, this instrument is considered to have
content validity (Moskal & Leydens, 2000). Additionally, each version of the diagnostic
was administered to a group of students to assess face validity. These students were of the
same educational level as the students used to test the reliability of the instrument, but
were not the same students used for those tests. The face validity students were used to
evaluate the overall appearance, structure, and wording of the instrument. For each
version of the instrument, we used a new set of students to assess face validity so there
was no bias from seeing previous versions of the instruments. After face validity was
assessed, student responses were used to structure future versions of the instrument. On
the final version of the instrument, students reported that the wording of questions were

understandable and appropriate for their level of education. Students also reported that
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the overall appearance of the diagnostic was uncluttered and organized. Therefore, the
final instrument is considered to have face validity (Moskal & Leydens, 2000).

The reliability of the instrument was tested using internal consistency measures,
suitable for multiple choice tests with dichotomous responses (Bodner, 1980; Kline,
2005). Internal consistency measures compare the responses of each participant to all
other participants to determine if the diagnostic produces similar answers among similar
participants (Kline, 2005). These assessments measured how consistent the responses on
an instrument were. The internal consistency measure appropriate for this diagnostic is
the Kuder-Richardson 20 (KR?20), as it adjusts for the dichotomous responses inherent in
multiple-choice tests where there is a single correct answer (Bodner, 1980; Kline, 2005).
Reliability is assured when pgr2o > 0.80.

Instrument Version One consisted of 12 questions, three demographic and nine
diagnostic questions (Appendix C). The first instrument was not organized with respect
to representation type (interpretation vs comparison) or representation rotation direction.
Differently rotated trees were not grouped according to the direction they faced, which
could impact student responses (Halverson et al., 2014). The questions in this version
were a combination of short answer and multiple-choice. The face validity was tested by
66 students. Reliability was tested with 329 introductory biology major and non-major
students. The KR20 internal consistency test resulted in a pkrao = 0.03 which was below
the threshold score of pgroo > 0.80. In an effort to increase the reliability, I re-ran the
KR20 with different questions removed. Most frequently, the removal of Question 9
increased the internal consistency score, to pkroo = 0.48. However, neither removing this

item nor any others increased the reliability measure to pgr2o > 0.80.
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Instrument Version Two consisted of 13 questions, three demographic and 10
diagnostic questions (Appendix D). This version was not organized with respect to
representation type or rotation direction. Based on the internal consistency score from
Instrument Version One and the responses from the face validity test group, questions
were added, reorganized, and simplified. The questions were reorganized with respect to
representation type. The tree diagrams were simplified (see Question 10 in both
Instrument Version One and Two). Questions were also modified to multiple-choice to
force a response from students. For instance, in Question 4, Answer Choice A, there is
now only one misconception rather than two misconceptions as part of the answer choice.
The face validity was tested by 12 students. Reliability was tested with 198 introductory
biology major and non-major students and the answers were triangulated with 37 students
to determine if the instrument was assessing the correct phylogenetic content. The KR20
internal consistency test resulted in a pgroo = 0.72 which was below the threshold score of
prr20 = 0.80.

Instrument Version Three (the version used for this study) consists of 14
questions: three demographic and 11 diagnostic questions (see Appendix A). This version
is organized with respect to representation type and rotation. Questions were revised to
reduce complexity within the question (see Question 7 Version Two versus Question
Version Three). Additionally, answer choices were revised to limit responses to five
choices. Comparison questions were revised so the answer choices had one correct
response and one misconception per remaining response (see Question 13 Version Two
versus Questions 12-14 Version Three). The face validity was tested by 15 students.

Reliability was tested with 46 introductory biology majors. The KR20 internal
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consistency test resulted in a pkroo = 0.80; thus, reliability is confirmed for this version of
the instrument.

Computer Simulation Workbook. The virtual laboratory simulation, Flowers and
Trees, developed by the SimBio Corporation, briefly describes the evolutionary history of
the Columbine flowers and how different traits may arise over time. Flowers and Trees
has a companion workbook that is separated into six sections (Appendix E). As part of
each section, the simulation asks students to answer questions about the evolutionary
history of Columbine flowers. The activities lead students through the process of reading,
interpreting, and creating phylogenetic trees. Students record their predictions and
observations as related to each activity. As part of the workbook, students draw diagrams
representing some of their predictions regarding the evolutionary history of the
Columbine flowers, answer questions about common ancestry, and answer phylogenetic
tree-interpretation questions.

By the end of the simulation, students are exposed to a way to read, interpret, and
construct a phylogenetic tree. However, the simulation assumes that the student
understands the language used and does not provide a definition bank or an explanatory
exercise where the language is described. I used this data source to better understand the
changes in students’ representational competence after completing the simulation
activity. I also asked students to provide me with their perceptions of the simulation after
their experiences and they reported that the best part of the simulation was watching
populations “grow” over time, that seeing how the flowers changed after hundreds of
years was helpful in understanding how they were related. Overwhelmingly, I was told

that the simulation controls were hard to use and not well described in the workbook.
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However, a great feature reported was that the simulation let students rotate branches.
Students indicated that being able to move the phylogenetic tree helped them understand
how the diagram could be manipulated without changing the information. However, I
was told that the lack of maneuverability within the simulation itself was very frustrating
and getting the tree to rotate was difficult using the mouse. This frustration went to the
point that some of my participants “gave up” during exercise six after attempting to rotate
the trees because it was such a difficult task.

Semi-Structured Interviews. The semi-structured interviews were conducted with
the key informants (described above) and consisted of a word association exercise with
card sort task, retrospective discussion of the pre-tree thinking instrument, and interview
questions (Appendix F). The interviews all followed the same general structure: 1) word
association/card sort task, 2) retrospective discussion, 3) interview questions; the
questions asked at each of the three steps varied based on responses given by students.
The predetermined questions and probes allowed me to maintain comprehensive data
collection while maintaining an interviewee specific atmosphere (Patton, 2002).

Word Association Exercise with Card Sorting Task. For the word association
exercise with card sort task conducted during the semi-structured interviews, I used note
cards rather than a PowerPoint simulation. I showed each student the same 12 prompt
term cards in the same order as the in-class version. A single prompt term, frequently
used in phylogenetics, was printed on each card. I then instructed students to say the first
word or phrase they thought of when presented with the prompt term. I held the cards in
a deck with the terms facing me. I then simultaneously showed and read the term on the

card to the students. I recorded the response on the back of the prompt term card. After
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the 12 prompt terms had been presented and student responses recorded, I asked students

to explain their responses (Figure 6).

Figure 6. Card sorting task.

Next, students completed the card sorting task, which is loosely based on the task
described by Friedrichsen and Dana (2003). I first asked students to sort the prompt term
cards base on how the students through the terms were related. I asked students to explain
why they thought the cards were related in order to gain insight into the student’s
understanding of the prompt terms. Next, I asked the students to repeat this process for
the responses they provided during the word association exercise.

Prompt Term Development. The prompt words used in my dissertation were
developed as part of a pilot study. Results of the pilot study revealed the list of
terminology was too long for students and resulted in terms presented at the end having
more ‘I don’t know’ or ‘no response’ responses. As my dissertation focuses on student’s
communication of tree-thinking, not their communication of evolutionary theory, I
removed the terms relating to evolutionary theory in the strict sense. Additionally, some
terms from the pilot study were used more frequently in non-biology courses (i.e. deep

time) and were inappropriate to use with introductory students. The prompt terms used
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for this study include: Ancestry, Branch, Character, Clade, Classification, Node,
Phylogenetics, Relationship, Root, Species, Taxon, and Tree.

Each of the prompt words represents a different aspect of the nature of
phylogenetic trees: conceptual, organizational, and structural. The prompt term
Phylogenetics is representative of all three aspects. I define Conceptual Terms as those
words that depict the evolutionary history and overarching relationships among and
between species. The terms Species, Ancestry, and Relationships are used when
discussing the overarching evolutionary history of organisms and taxa. Organizational
Terms help keep information within the tree clear and concise. The terms Taxa,
Classification, and Clade are terms used to describe the patterns within the phylogenetic
tree. Structural Terms relate to specific elements of the phylogenetic tree (Branch, Bode,
and Tree). Both Taxa and Species are included and not considered redundant. Taxa falls
into the organizational group as many biology texts only use the term Taxa when talking
about how organisms are organized in a phylogenetic tree and Species when talking
about species concepts.

Retrospective Pre-Assessment and Post-Assessment Discussion. I completed a
retrospective discussion of the student’s pre-assessment responses to understand why
they chose their answers on the pre-assessment (i.e. guessing or rationale). I showed the
students a copy of their pre-assessment and then asked them to describe what their
thought process was when choosing each answer. I then asked students to decide if they
would keep the same answer or change their answer based on what they had learned. I
used the responses to understand how students think about the information presented in

the pre-assessment and communicate their understanding of phylogenetic trees. I also









Prompt term percentages by association category post-instruction, quasi-experimental design Group II, for terms, Phylogenetics,

Relationships, Roots, Species, Taxon, and Tree.

Association Category Phylogenetics Relationships Root Species Taxon Tree
Phylogenetics 0.8% 0.3% 0.0% 0.0% 0.0% 0.6%
Biological Hierarchy 0.6% 0.0% 0.0% 2.5% 2.8% 0.0%
Generic Classification 0.0% 0.0% 0.0% 0.3% 0.3% 0.0%
Generic Origins of Live 0.0% 0.0% 1.1% 0.0% 0.0% 0.0%
Genealogy 1.1% 6.4% 0.0% 0.0% 0.3% 0.8%

Social Relationships 25.0% 100.0% 0.0% 0.0% 0.0% 33.3%

Government Organizations 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Household Objects 0.0% 0.0% 0.0% 0.0% 0.3% 0.0%
Linguistic Similarities 0.0% 0.0% 0.0% 0.3% 1.4% 0.0%
Non-Phylogenetic Terminology 4.2% 0.6% 0.0% 0.0% 1.9% 0.0%
Organisms 1.4% 0.0% 6.9% 5.0% 0.6% 6.7%
Animals 20.0% 0.0% 0.0% 83.3% 50.0% 0.0%

Plants 60.0% 0.0% 60.0% 16.7% 0.0% 91.7%

Living Tree 20.0% 0.0% 40.0% 0.0% 50.0% 8.3%

Pop Culture 0.0% 0.3% 0.0% 0.3% 0.0% 0.0%
Time 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Traits 0.0% 0.6% 0.3% 0.0% 0.0% 0.3%
No Response 0.3% 0.3% 0.0% 0.0% 0.8% 0.0%
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Prompt term percentages by association category post-instruction, quasi-experimental design Group IlI, for Ancestry, Branch,

Character, Clade, Classification, and Node

Association Category Ancestry Branch Character Clade Classification Node
Phylogenetics 0.2% 0.5% 0.0% 1.1% 0.3% 1.3%
Biological Hierarchy 0.0% 0.6% 0.2% 0.9% 2.5% 0.5%
Generic Classification 0.0% 0.0% 0.0% 2.0% 4.1% 2.4%
Generic Origins of Live 0.0% 0.0% 0.0% 0.0% 0.0% 0.2%
Genealogy 5.8% 0.3% 0.0% 0.5% 0.2% 0.5%

Social Relationships 64.9% 100.0% 0.0% 100.0% 0.0% 100.0%
Government Organizations 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Household Objects 0.0% 0.0% 0.0% 0.2% 0.0% 0.0%
Linguistic Similarities 0.0% 0.0% 0.0% 0.5% 0.0% 0.5%
Non-Phylogenetic Terminology 0.0% 0.0% 0.0% 1.6% 0.0% 2.2%
Organisms 0.3% 6.8% 0.0% 0.9% 0.8% 0.2%
Animals 0.0% 0.0% 0.0% 33.3% 60.0% 0.0%

Plants 0.0% 7.0% 0.0% 33.3% 20.0% 100.0%
Living Tree 100.0% 93.0% 0.0% 33.3% 20.0% 0.0%
Pop Culture 0.3% 0.0% 3.3% 0.2% 0.2% 0.0%
Time 1.7% 0.0% 0.0% 0.0% 0.0% 0.0%
Traits 0.0% 0.0% 4.7% 0.3% 0.3% 0.0%
No Response 0.0% 0.2% 0.2% 0.2% 0.0% 0.8%
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Prompt term percentages by association category post-instruction, quasi-experimental design Group IlI, for terms, Phylogenetics,

Relationships, Roots, Species, Taxon, and Tree.

Association Categories Phylogenetics Relationships Root Species Taxon Tree
Phylogenetics 0.8% 0.3% 0.0% 0.2% 0.5% 1.9%
Biological Hierarchy 0.5% 0.5% 0.0% 1.9% 3.1% 0.0%
Generic Classification 0.3% 0.8% 0.0% 1.7% 2.8% 0.0%
Generic Origins of Live 0.0% 0.0% 2.8% 0.0% 0.0% 0.0%
Genealogy 0.9% 6.0% 0.3% 0.0% 0.2% 0.6%

Social Relationships 66.7% 100.0% 0.0% 0.0% 100.0% 100.0%
Government Organizations 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Household Objects 0.0% 0.0% 0.0% 0.2% 0.0% 0.0%
Linguistic Similarities 0.0% 0.0% 1.6% 0.0% 0.5% 0.0%
Non-Phylogenetic Terminology 3.1% 0.2% 0.5% 0.2% 0.3% 0.2%
Organisms 2.2% 0.3% 3.1% 3.9% 0.5% 5.2%
Animals 21.4% 100.0% 0.0% 96.0% 66.7% 0.0%

Plants 14.3% 0.0% 70.0% 0.0% 0.0% 97.0%
Living Tree 64.3% 0.0% 30.0% 4.0% 33.3% 3.0%

Pop Culture 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Time 0.3% 0.0% 0.0% 0.0% 0.0% 0.0%
Traits 0.0% 0.2% 0.0% 0.0% 0.3% 0.5%
No Response 0.2% 0.2% 0.0% 0.3% 0.2% 0.0%

Lyl



Prompt term percentages by association category post-instruction, quasi-experimental design Group 1V, for Ancestry, Branch,

Character, Clade, Classification, and Node

Association Categories Ancestry Branch Character Clade Classification Node
Phylogenetics 0.0% 0.8% 0.0% 1.6% 0.4% 0.4%
Biological Hierarchy 0.0% 0.8% 0.0% 0.0% 2.8% 0.0%
Generic Classification 0.0% 0.0% 0.0% 1.6% 4.0% 1.2%
Generic Origins of Live 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Genealogy 6.3% 0.0% 0.0% 0.4% 0.4% 0.0%

Social Relationships 68.8% 0.0% 0.0% 0.0% 100.0% 0.0%

Government Organizations 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Household Objects 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Linguistic Similarities 0.0% 0.0% 0.0% 0.8% 0.0% 1.2%
Non-Phylogenetic Terminology 0.0% 0.0% 0.0% 0.8% 0.0% 2.0%
Organisms 0.0% 6.3% 0.0% 1.6% 0.4% 2.0%
Animals 0.0% 0.0% 0.0% 50.0% 100.0% 20.0%
Plants 0.0% 0.0% 0.0% 25.0% 0.0% 60.0%
Living Tree 0.0% 100.0% 0.0% 25.0% 0.0% 20.0%

Pop Culture 0.4% 0.0% 3.2% 0.0% 0.4% 0.0%
Time 1.6% 0.0% 0.0% 0.0% 0.0% 0.0%
Traits 0.0% 0.4% 4.8% 0.0% 0.0% 0.0%
No Response 0.0% 0.0% 0.4% 1.6% 0.0% 1.6%
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Prompt term percentages by association category post-instruction, quasi-experimental design Group IV, for terms, Phylogenetics,

Relationships, Roots, Species, Taxon, and Tree.

Association Category Phylogenetics Relationships Root Species Taxon Tree
Phylogenetics 2.0% 0.4% 0.4% 0.0% 0.4% 1.6%
Biological Hierarchy 1.2% 1.6% 0.0% 1.6% 3.6% 0.0%
Generic Classification 0.8% 0.0% 0.0% 0.8% 1.2% 0.0%
Generic Origins of Live 0.0% 0.0% 2.0% 0.0% 0.0% 0.0%
Genealogy 0.4% 5.6% 0.8% 0.0% 0.0% 0.0%

Social Relationships 0.0% 92.9% 50.0% 0.0% 0.0% 0.0%

Government Organizations 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Household Objects 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Linguistic Similarities 0.0% 0.0% 0.0% 0.0% 0.8% 0.0%
Non-Phylogenetic Terminology 2.8% 0.4% 0.0% 0.4% 0.4% 0.0%
Organisms 0.4% 0.0% 5.2% 5.6% 0.4% 6.7%
Animals 0.0% 0.0% 0.0% 100.0% 100.0% 0.0%
Plants 0.0% 0.0% 23.1% 0.0% 0.0% 94.1%

Living Tree 100.0% 0.0% 76.9% 0.0% 0.0% 5.9%

Pop Culture 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Time 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Traits 0.4% 0.4% 0.0% 0.0% 0.4% 0.0%
No Response 0.4% 0.0% 0.0% 0.0% 1.2% 0.0%

671
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APPENDIX K
FIGURES PROVIDED TO STUDENTS DURING THE SEMI-STRUCTURED

INTERVIEWS

-

Phylogenetic tree A (Baum et al., 2005).

1
Phylogenetic tree B (Baum et al., 2005).
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