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Abstract

The identification and the evaluation of arguments are fundamental elements of critical
thinking. However, the explicit promotion of these elements is virtually absent from uni-
versity science courses. Much of the reason for this is that in most universities, across
nearly all disciplines, instructors are required to see the conceptual content coverage of the
syllabus as a priority. Moreover, lack of preparation and the fact that critical thinking activ-
ities are time-consuming rapidly reduce the interest of many instructors to include them
in their courses. Here, we describe the use of a dialogue-based critical thinking classroom
scenario (CTCS). The study used a mixed-methods approach with both quantitative and
qualitative analyses of questionnaire responses. One hundred and seventeen undergradu-
ates (73 females; 44 males; ages 1624 years), enrolled in an introductory science course
in Colombia, were asked to identify and evaluate arguments regarding a dialogue between
two scientists who explore the controversial question of whether or not the concept of race
is applicable to humans. It was found that the dialogue-based CTCS provided students with
opportunities to identify and evaluate arguments both for and against the question and to
make informed decisions about whether or not the concept of race in humans is biologi-
cally meaningful. Moreover, analyses of responses to closed-ended and open-ended ques-
tions revealed that more than half the participants were able to evaluate arguments in a fair-
minded way. Practical implications for the cultivation of critical thinking skills in higher
education and further research are discussed.

1 Introduction
In his book, On Reasoning and Argument, David Hitchcock (2017) presents us with the
following statement:

An ideal “critical thinker” is open-minded and fair-minded, searches for evidence,
tries to be well-informed, is attentive to others’ views and their reasons, propor-
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tions belief to the evidence, and is willing to consider alternatives and revise
beliefs (p. 477).

This comment gives us an idea of how complex (and ambitious) the goal of pre-
paring critical thinkers is. Within this complexity, argumentation is widely accepted as
one among many elements that together contribute to this preparation. In other words,
engaging students in argumentation practices (e.g., argument identification, argument
evaluation) is a step in the right direction. However, there is still much work to be done
and other elements that need to be explicitly worked on in order to truly prepare an ideal
“critical thinker” equipped with the qualities highlighted by Hitchcock (2017). In this
article, we report on a possible, effective, and pragmatic way to take this step, introduc-
ing students to the identification and the evaluation of arguments.

According to Andrews (2015), Archila (2018), Epstein (2017), Harker (2015), Hitch-
cock (2017), Jiménez-Aleixandre and Puig (2012), Lau (2011), and Walton (2019), the
identification and the evaluation of arguments are fundamental elements among many
other facets of critical thinking. These scholars assert that argumentation contributes
to critical thinking and vice versa. To be clear, “argumentation implies criticality; the
one cannot function without the other” (Andrews, 2015, p. 60). It is therefore not sur-
prising to find that argumentation and critical thinking are recognized as key skills in
well-known science education documents, such as A Framework for K—12 Science Edu-
cation: Practices, Crosscutting Concepts, and Core Ideas (National Research Council,
2012) and Next Generation Science Standards: For States, by States (Next Generation
Science Standards Lead States, 2013).

More recently, Archila et al., (2019, 2021a) and Hyytinen et al. (2019) claimed that
critical thinking is essential for the development of scientific thinking skills. Thus, mak-
ing informed decisions about climate change (Rehg, 2011), evolution and creationism
(Archila & Molina, 2020), GMO crops (Fahnestock, 2020), nuclear energy (Jho et al.,
2014), and genetics, ancestry, and race (Beckwith et al., 2017), among other controver-
sies, requires educated citizens who critically identify and evaluate arguments as a key
element of the construction of democratic societies. In this regard, university science
courses can be considered as one of the multiple scenarios which involve students in
authentic and meaningful educational practices aimed at providing them with explicit
opportunities to identify and evaluate arguments.

The promotion of critical thinking is a complex and time-consuming process
(Andrews, 2015; Hyytinen et al., 2019). This is one reason why some instructors prefer
not to include critical thinking activities in their university science courses. Moreover,
instructors are not prepared to promote higher-order cognitive-linguistic skills, such
as argumentation and critical thinking (Archila, 2014a, 2014b). Another reason is that
“the literature says surprisingly little about pedagogical principles of integrating criti-
cal thinking coherently in teaching and learning” (Hyytinen et al., 2019, p. 60). For the
reasons just mentioned, it makes sense to provide research evidence on how to make
critical thinking classroom scenarios (CTCSs) (Archila, 2018) an explicit practice of
any university course interested in engaging students in the identification and the evalu-
ation of arguments in a pragmatic and effective way. Thus, the present article outlines
the effect of a dialogue-based CTCS in providing undergraduate students with opportu-
nities to identify and evaluate arguments regarding a dialogue written by Beckwith et al.
(2017), in which two scientists interact argumentatively to explore the controversial
question of whether or not the concept of race in humans is biologically meaningful.
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2 Conceptual Framework

In this section, we present the conceptual bases of the CTCS proposed in this study. These
focused on six elements, namely: (1) argumentation, (2) critical thinking, (3) arguments
identification, (4) arguments evaluation, (5) decision-making, and (6) controversial ques-
tion. We start by clarifying the meaning of some terms which are widely used in our
research. In the current article, we consider that “argumentation in scientific topics can
be defined as the connection between claims and data through justifications or the evalu-
ation of knowledge claims in light of evidence, either empirical or theoretical” (Erduran
& Jiménez-Aleixandre, 2007, p. 13, as cited in Evagorou & Osborne, 2013). This defini-
tion is valuable as it differentiates argumentation from explanation which is defined “as
providing an account of how or why a phenomenon occurs and explaining why the natural
world works in particular ways” (McNeill, 2011, 795). With this in mind, it is important to
clarify that argumentation about socioscientific issues (e.g., the controversy over human
race) depends not only on mastery of scientific knowledge, but also on the consideration of
moral and ethical values (Evagorou, 2011; Evagorou et al., 2012; Nielsen, 2012; Oliveira
et al., 2012, as cited in Evagorou & Osborne, 2013). Moreover, we define an “argument” as
the articulation of a claim with a piece of reason (reason-based argument) and/or evidence
(evidence-based argument) (Erduran et al., 2020).

Archila (2018) defines a CTCS as “a set of teaching and learning conditions deliber-
ately planned and implemented in a classroom to promote critical thinking” (p. 57). Addi-
tionally, and bearing in mind that Hitchcock (2017) reminds us that there is, as yet, no
consensus on the definition of the notion of critical thinking and multiple perspectives is
available, the following definition was adopted: “reasonable reflective thinking focused on
deciding what to believe or do” (Ennis, 2015, p. 32).

2.1 Element One—Argumentation

In his iconic review published in Science, Jonathan Osborne (2010) gave strong reasons
why the promotion of argumentation skills should be an imperative within science educa-
tion. One reason is that argumentation is inherent to the practice of science. In this sense,
he noted that “without argument and evaluation, the construction of reliable knowledge
would be impossible” (p. 464). This largely explains why several scholars maintain that
students should be provided with structured opportunities to engage in authentic argument
evaluation practices in order to enrich their argumentation skills (e.g., Archila, 2015b;
Greco Morasso, 2009; Jiménez-Aleixandre & Puig, 2012).

Another strong reason given by Osborne (2010) is that argumentation is a key ally of
critical thinking. In line with this, Archila (2018) provides evidence for the claim that
engaging students in argument evaluation is a concrete action to help them to think criti-
cally. This claim has been widely discussed by several scholars. Sampson and Schleigh
(2013), for example, reiterate that instructors should encourage students to critique one
another’s ideas and reflect with them about how to evaluate the arguments of others. They
also invite us to explore and implement research-based, pragmatic, and effective activities
to make the promotion of argument evaluation a reality in the science classroom rather
than just rhetoric. In similar vein, Osborne (2012) argues that students become involved in
higher-order cognitive processes, such as critical thinking and decision-making when they
are provided with explicit opportunities to make judgments about the argument of others.
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This is particularly important, since evidence suggest that not all the argumentation tasks
are equally demanding for students (e.g., Berland and McNeill 2010; Sampson & Schleigh,
2013). Accordingly, Berland and McNeill (2010) contend that science instructors should
be aware of the complexity behind an argumentation task in order to offer students better
support.

In the case of argument evaluation, Sampson and Schleigh (2013) maintain that this is
a complex task because it demands analyzing whether or not the evidence provided is rel-
evant and effectively supports the claim. In this regard, Osborne (2012) points that critical
thinking skills are cultivated when students are given opportunities to critique the argu-
ments of others. Likewise, he insists that the development of students’ argument assess-
ment skills is a significant challenge because students tend to make use of biased argu-
mentation. This typically occurs when they exclusively use arguments that support their
points of views, ignoring possible counterarguments. In relation to this point, Evagorou
and Osborne (2013) explain that socioscientific issues are open-ended issues without a
clear-cut solution. This is why they are good candidates to engage students in productive
argument evaluation, and thus promote a more critical view about these issues.

Additionally, Evagorou and Osborne (2013) note that engaging students in argumen-
tation about socioscientific issues requires them to “see argumentation as the process of
exploring ethical issues, a process which involves moral judgment about issues of scien-
tific concern” (p. 212). Knight and McNeill (2015) argue that using socioscientific con-
texts to foster argument evaluation is beneficial for students to become aware of the moral,
ethical, and political factors that influence these contexts. Most importantly, they maintain
that the situation becomes even more complicated because these factors “frequently rely on
non-empirical evidence” (p. 625). Therefore, the promotion of critical thinking skills (e.g.,
argument evaluation) is a fundamental condition to prepare students to deal with science-
based social controversies in which there is no straightforward solution.

2.2 Element Two—Critical Thinking

Andrews (2015) argues that the promotion of critical thinking is an important but neglected
goal of higher education. Much of the reason for this is that in theory, there is a broad
agreement among higher education stakeholders that engaging students in critical thinking
practices is vital for helping them to make informed and critical decisions about profes-
sional and personal issues. In practice, nonetheless, higher education courses provide stu-
dents with very few opportunities to cultivate their critical thinking skills. In this regard,
several scholars call for the promotion of critical thinking with concrete actions (Archila,
2018; Hitchcock, 2017; Jiménez-Aleixandre & Puig, 2012). For example, Archila (2018)
provides research evidence for the claim that students cultivate their critical thinking skills
when they are given opportunities to identify and evaluate arguments. At first glance, it
seems irrelevant to engage students in argument identification. However, van Eemeren
et al. (2015) have reported that identifying arguments can be a great challenge for some
students. The importance of this is that, as Archila (2018) observes, a proper argument
identification is fundamental for a desirable argument evaluation. In particular, argument
evaluation has been largely accepted as a key element of critical thinking (Ennis, 2015;
Jiménez-Aleixandre & Puig, 2012; Osborne, 2012). The reason is straightforward: argu-
ment evaluation demands judging whether or not the articulation of a claim with reason
and/or evidence is coherent and valid within a process of argumentation. Hence, Andrews’s
(2015) idea that argumentation and critical thinking are intimately related makes sense.
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Thus, an important question to ask is how to introduce the identification and the evaluation
of arguments as a concrete action to cultivate critical thinking skills in higher education.

To answer this question, Hitchcock (2017) invites us to consider that there are two ways
of developing critical thinking in an educational program. These are the two pure models
proposed by Swartz and Perkins (1990). The first model “is infusion, where the strategies,
skills, dispositions and attitudes of a critical thinker are developed in the context of sub-
ject-matter instruction” (Hitchcock, 2017, p. 489). He emphasizes that asking students to
identify assumptions implicit in the reasoning of key argumentative texts from the area of a
university course (e.g., economy, history, physics) might be an example of a characteristic
activity of the infusion model. A clear advantage of this model is that it is pragmatic (real-
istic). To be precise, it creates a possibility for the instructor to cultivate students’ critical
thinking without sacrificing the conceptual content coverage of the syllabus. Yet, a notable
disadvantage of the infusion model is that it requires students’ knowledge of subject matter.

The second pure model is “stand-alone instruction,” which involves a separate course
dedicated entirely to promoting critical thinking. Due to the nature of this model, the
instructor is more likely to have time for planning specific activities centered on the
multiple difficulties of the students to think critically in everyday life. This is an undeni-
able advantage. In undergraduate education, however, given that the professional context
of a physician may be a little different to that of a historian, one problem of the stand-
alone instruction model is that the idea of cultivating critical thinking skills in a separate
course might exacerbate the obstacles students find in becoming aware of the importance
of acknowledging critical thinking ability as a vital aspect in the professional contexts in
which they will be involved after graduating.

Hitchcock (2017) concluded that a combination of infusion and separate instruction
would seem ideal. He stresses that such a combination requires not only a strong commit-
ment from educational institutions, but also from its senior academic leadership, to teach-
ing critical thinking across the curriculum. It may be obvious to point out that this is hard
to achieve. Nevertheless, higher education institutions can start by adopting one of the two
models discussed. In our case, we decided to use the infusion model in our CTCS. Much of
the reason for this is that we were particularly interested in providing research evidence for
the claim that students can be introduced to the identification and the evaluation of argu-
ments as a concrete action to cultivate their critical thinking skills without sacrificing the
conceptual content coverage of the syllabus.

2.3 Element Three—Argument Identification

Having opted for the infusion model, it should be pointed out that several academics (e.g.,
Andrews, 2015; Archila, 2018; Epstein, 2017; Hitchcock, 2017; Jiménez-Aleixandre &
Puig, 2012) agree that the identification and the evaluation of arguments to engage stu-
dents in critical thinking practices are an under-researched possibility in higher education.
Other important features to be considered in educational practices interested in providing
students with opportunities to think critically in university courses include the following:
critical spirit, fair-mindedness, open-mindedness, respect for alternative viewpoints, see-
ing both sides of an issue, taking a position and changing a position when the evidence
and reasons are sufficient, and willingness to seek or be guided by reason (Davies & Bar-
nett, 2015; Ennis, 2015; Hitchcock, 2017). These features offer an idea of the complexi-
ties behind the preparation of critical thinkers. Importantly, Andrews (2015) and Wendland
et al. (2015) note that the idea of promoting critical thinking in university courses is only
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now emerging, and therefore there is still much work to be done. For this reason, we lim-
ited our study to two aspects: (1) identification and (2) assessment of arguments.
According to Ennis (2015), ideal critical thinkers have the ability to analyze arguments.
Such analysis requires the identification and the evaluation of arguments. Specifically, the
identification process assists students in better understanding others’ points of view. As
part of a study conducted by van Eemeren et al. (2015), 40 s form pupils and 82 third
form pupils in a lower stream in three comprehensive schools near Amsterdam were pre-
sented with 40 text fragments which consisted of one simple argumentation or a text of
equal length and complexity. Each text is reproduced in the form of one compound sen-
tence, divided by commas. For example: “In my opinion the presence of trees along the
road is important, they reduce the tedium” (p. 736). Participants had to indicate in each
text whether argumentation was present or not, and to underline (identify) the argument
if present. One of the conclusions of the study was that identifying arguments was a real
challenge for some students. Given this conclusion, it is probably not so surprising that van
Eemeren et al. (2015) recommend the identification of arguments as a classroom activity.

2.4 Element Four—Argument Evaluation

In his book, Argument Evaluation and Evidence, Walton (2016) highlights the key role of
evidence to assess arguments used in personal decision-making, law, scientific inquiry, and
public debate. In the case of science education, Archila (2015a) suggests that argument
evaluation is closely linked to evidence evaluation, with both requiring similar cognitive
processes. Additionally, in a study conducted in France, Archila (2015b) showed results
that supported the claim that evidence assessment promotes critical thinking. Most impor-
tantly, he found that the use of controversies in the classroom helped to raise the students’
awareness of the essential role of evidence evaluation in the advancement of science.

In the current article, the expression “argument evaluation” is used to refer to “the veri-
fication of the logical validity and of the persuasiveness of arguments” (Greco Morasso,
2009, pp. 233-234). Argument assessment is a complex activity because it demands ana-
lyzing whether or not the articulation of a claim with a piece of the evidence is solid,
strong, rational, and reasonable within an argumentation process. Relevance of intention
(Jgrgensen, 2007), formal representation (Selinger, 2014), artificial intelligence (Walton,
2015, 2016), and logical evaluation (Botting, 2016) are some of the perspectives from
which such complexity has been discussed.

2.5 Element Five—Decision-Making

Recently, Archila (2018) has demonstrated that decision-making is a good starting point
for the identification and the evaluation of the arguments of others. He mentions that there
are at least three concrete approaches to involve students in decision-making whose use
will depend on the objectives of the science teaching and learning session: (1) Each student
makes a decision (e.g., Sakschewski et al., 2014), (2) each student makes a decision, then a
small-group (or a whole-class) decision must be made (e.g., Jho et al., 2014), and (3) each
student makes a decision before and after a small-group (or a whole-class) discussion (e.g.,
Archila, 2017). In our CTCS, each student makes a decision at the beginning and at the end
of the activity without requiring a small-group or a whole-class discussion. This is why we
decided to use the first approach in our CTCS (e.g., Sakschewski et al., 2014).
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2.6 Element Six—Controversial Question

In a CTCS, a controversial question is a fundamental element. Archila (2018) maintains
that this element is what effectively gives meaning to the actions of identifying and
evaluating arguments and making more informed decisions. By a controversy, we mean
an issue that will lead to a high level of different understandings among significant num-
bers of people (Harker, 2015). Archila (2015a) highlights the importance of present-
ing the students with a controversy in the form of a (1) provoking and (2) ambiguous
question. The reason for this is that these two characteristics are relevant to help stu-
dents focus on the pieces of evidence they use rather than the decisions they make about
the controversial question. In the case of our CTCS, it revolves around the controversy
over human race. More specifically, our scenario explores the controversial question of
whether or not the concept of race in humans is biologically meaningful. In “the dia-
logue used in this project” section, we will explain what this controversy is about, why
this was chosen, and how it was articulated with the six elements of our CTCS, namely:
(1) argumentation, (2) critical thinking, (3) arguments identification, (4) arguments
evaluation, (5) decision-making, and (6) controversial question.

3 Aims and Significance of the Study

The focus of the empirical study reported in the current article is framed in terms of the
realistic and moderate purpose of this study. First, it aims to describe participants’ deci-
sions about the controversial question of whether or not the concept of race in humans
is biologically meaningful. Second, it aims to provide participants with opportunities to
identify the arguments regarding a dialogue written by Beckwith et al. (2017), in which
two scientists interact argumentatively to explore this controversial question. Third, it
aims to engage students in the evaluation of the arguments presented in the dialogue.
These aims emerged from the need for evidence to support the hypothesis that the eval-
uation of arguments from a dialogue about the controversy over the concept of race in
humans could be a useful classroom scenario in taking one step, among many others
that should be taken, towards the preparation of critical thinkers.

The significance of the present study is that it expands on the scope of some notable
work carried out previously that has focused on the introduction of students to the iden-
tification and the evaluation of arguments. As such, the research questions that guided
this exploratory investigation were:

(1) Does the CTCS provide participants with opportunities to make a decision about the
controversial question of whether or not the concept of race in humans is biologically
meaningful?

(2) Does the CTCS provide participants with opportunities to identify the arguments pre-
sented in a dialogue in which two scientists interact argumentatively to explore the
controversial question?

(3) Does the CTCS provide participants with opportunities to evaluate the arguments
presented in a dialogue in which two scientists interact argumentatively to explore the
controversial question?
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4 The Dialogue Used in This Project

As mentioned previously, our CTCS revolves around the controversy over the concept of
race in humans. Part of the controversy stems from the term “race” itself. For example,
Barnshaw (2008) asserts that “a race is a social grouping of people who have similar phys-
ical or social characteristics that are generally considered by society as forming a distinct
group” (p. 1091, italics in original). Marks (2010) provides us with another view mention-
ing that “race is a sense-making system imposed upon the facts of difference. Races are not
merely human divisions, they are politically salient human divisions” (p. 271). In line with
Marks’ (2010) view, Morning (2011) contends that “individuals do not carry race within
them; instead, race is a label that is imposed on them (or a container into which they are
put) depending on the society in which they find themselves” (p. 18).

Finally, Templeton (2016) observes that biologically, race is “a subpopulation within a
species, also called a subspecies, that has sharp geographic boundaries separating it from
the remainder of the species, with the boundaries characterized by a high degree of genetic
differentiation defined either through a quantitative threshold or qualitatively as a sepa-
rate evolutionary lineage” (p. 347). Importantly, Relethford (2013) highlights the fact that
in practice, the biological definition of race has been difficult to apply to human popula-
tions. We decided to present these definitions in quotation to avoid unintentional mislead-
ing interpretations of them. That said, the importance of these is that they offer an idea of
the complexity behind the discussion over human race. In this regard, several experts (e.g.,
Donovan et al., 2019; Jackson & Depew, 2017; Lieberman, 1968; Norton et al., 2019) reit-
erate that the debate over human race should be guided by research evidence rather than by
biased and naive viewpoints. Likewise, Jackson and Depew (2017) stress that unfortunately
this debate has been influenced by scientific racism—a form of racism that defends the
destructive and fallacious assumption that biological race exists.

Having clarified that race is a vague term that has multiple meanings and that there is no
consensus on its definition, in the next paragraphs we discuss the impact of this concept in
society. We start by pointing out that much of this impact is explained by a continuous ten-
sion between two opposing views of race, namely essentialism and constructionism (also
known as constructivism) (Morning, 2011). The genetic essentialism of race can be defined
as a sociocognitive bias which assumes that the genes inherent in people make same race
individuals physically and/or behaviorally uniform and people of different races physically
and/or behaviorally different (Andreychik and Gill, 2015, as cited in Donovan et al., 2019).
In constructionism, race is considered a social construction that has no basis in biological
science. According to Morning (2011), in the constructivist view, the purpose of a racial
classification is to serve as an instrument of power to create and perpetuate economically,
politically, and socially human divisions. Within this view, Omi and Winant (2015) claim
that the determination of racial categories has fueled both state-based and experiential
racial politics and vice versa. Tawa (2020) contends that essentialist beliefs can lead to
racist attitudes. As he explains, science courses are legitimate and desirable scenarios in
which students should be provided with opportunities to enrich their understandings about
the concept of race from a social constructionist perspective. Consequently, Donovan et al.
(2020) insist that more efforts and resources should be invested in promoting anti-essen-
tialist understandings of race. Also, they stress that students should be educated to refute
essentialist thinking and reduce racist attitudes.

Considering the opposite definitions of essentialism and constructionism, the ques-
tion then arises: is race biologically meaningful? Mukhopadhyay et al. (2014) point out
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that the concept of race has historically been linked to the belief that there are “natu-
ral” divisions of the human species. Additionally, they explain that this naturalization of
human division has been also associated with the idea that there are clear-cut, discrete,
easily distinguishable, and homogeneous subgroups or races that make easy to classify
human beings into these racial groups. With this in mind, it is worth adding here that
evolutionary biologists acknowledge that biological differences between human groups
exist, that these differences are continuous along geographic distance, but that attempt-
ing to categorize people into biological races simply does not make sense (Graves,
2005, as cited in Graves, 2010). By the same token, Donovan (2014) notes that “the
nature of race is still debated in science because identifying human population structure
and interpreting its meaning is not straightforward” (p. 466).

As stated by Snyder (1962), the idea of race appears to have emerged during the
seventeenth century colonial expansion of Western European powers. The validity, defi-
nition, and social consequences of the concept of race have recurrently been debated
by biologists and physical anthropologists (Lieberman et al., 1992). In a recent Nature
Cancer editorial (2020), it is asserted that a problem that deserves more attention is rac-
ism, which is defined in the current article “as the emotional conviction that race and
behavior are linked in heredity and that some races are superior to others” (Lieberman,
1968, p. 133). Racist attitudes have been justified through the idea that inequality is a
natural product of human biological difference. More to the point, attitudes that sustain
racial inequality tend to be perpetuated through the use of the genetic essentialism of
race.

There is evidence of racist attitudes in Australia (Dobinson & Mercieca, 2020), Colom-
bia (Soler Castillo, 2019; Viecco Garzén et al., 2017), Brazil (Garcia Castro & Abram-
ovay, 2006), and the United States (Clark and Hurd, 2020; Donovan et al., 2019; Tawa,
2020), among other countries. In the case of the USA, it is alarming to see the exacerbation
of these attitudes in times of Covid-19. As Clark and Hurd (2020) observe, in this coun-
try people who are Black, Indigenous, or people of color would suffer the most from the
Covid-19 crisis. Furthermore, in a recent Nature editorial (2020), attention is focused on
the use of the Covid-19 pandemic as a pretext for racist attacks against people of Asian
descent around the world.

Kostas Kampourakis (2018), the past editor of Science & Education, argues that the
fact that the term “race” has influenced various kinds of discriminative acts in the past is a
strong reason to seriously consider abandoning this term. Also, recent literature alerts us to
the need to explore pragmatic and effective ways to deal with the most profound obstacles
used in education to challenge the genetic essentialism of race. In science education, for
instance, one obstacle is that the treatment of race in some science textbooks influences
inaccurate beliefs about racial difference (Beltran Castillo, 2017; Donovan, 2015a, 2016;
Willinsky 2020). Donovan et al. (2020) stress that a second obstacle is that the exploration
of how belief in genetic essentialism among students differs after pedagogical intervention
about different domains of genetics knowledge has been paid too little attention. Moreo-
ver, they claim that little is known about whether such differences reflect (or not) a change
in beliefs about race. A third obstacle is discussed by Tawa (2020) who observes that to
date there is little evidence about the impact of social constructionist race education on
various types of racial beliefs. A fourth obstacle has to do with the fact that some science
news and biology curricula perpetuate racial bias by unintentionally spreading inaccurate
beliefs about genetic essentialism (Donovan, 2014, 2015b, 2016, 2017; Morin-Chassé,
2020; Tawa, 2020). In relation to this, Donovan et al. (2019) present the following critical
appraisal: “a biology curriculum that perpetuates racial bias by unintentionally increasing
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inaccurate beliefs about racial difference is inhumane because it harms those who suffer
from racial discrimination” (p. 530).

Beckwith et al. (2017) have proposed the incorporation of dialogues into classroom or
informal science education settings to critically explore genetics, ancestry, and race, and
thus challenge the genetic essentialism of race. To be precise, they, as members of the
Genetics and Society Working Group (GSWG) (genesandsociety.org), created and pro-
posed a set of three dialogues as a didactic resource to foster informed views of the concept
of race, and combat fallacies about the connection of science and race. These dialogues
have been presented at the City of Cambridge’s annual Science Festival in April 2015 and
again in April 2016. These have been also used in an undergraduate non-majors genetics
course at Emerson College and in an undergraduate biology capstone course at Northeast-
ern University. We decided to use the second dialogue: Two scientists, two perspectives
(Beckwith et al., 2017, p. 531) in our dialogue-based CTCS, for six reasons.

The first reason is that the dialogue revolves around the controversy of whether or not
the concept of race in humans is biologically meaningful. Second, the argumentative inter-
action between two scientists is the heart of the dialogue. Third, having emerged in the
GSWG—an interdisciplinary group composed of scientists, students, and professionals
trained in a variety of disciplines, including genetics, sociology, ethics, and the law—T7wo
scientists, two perspectives is an holistic dialogue rigorously documented and conceived
for all members of society. Fourth, for more than 20 years, the authors of this dialogue
have collectively discussed research on human genetic variation and the social impact of
such information. Much of the critical spirit of this collective discussion is embodied in
this dialogue (Beckwith et al., 2017). Fifth, Two scientists, two perspectives is a dialogue
of 2150 words. This really makes its incorporation feasible in a university science course.
Moreover, Archila (2017, 2018) has reported that readings between 2000 and 3000 words
are not too short and not too long, and consequently, they are well received by undergradu-
ates. The sixth and last reason is that this dialogue has never been used as a pragmatic and
effective means to explicitly introduce undergraduates to the identification and the evalua-
tion of arguments.

Two scientists, two perspectives (Beckwith et al., 2017) can briefly be described as
follows:

[Jon and Tobi] are two scientists [who] explore the question of whether or not human
race is biologically meaningful, tracing some of the history of alternative perspec-
tives in their field. In the 18th and for much of the 19th century, scientists relied on
physical traits as a means of identifying human racial groups. With the development
of DNA technology, studies of the genetic basis of “race” became much more sophis-
ticated, and differences between people from different parts of the world could now
be roughly quantified. Jon argues that “race” has no biological basis. Tobi disagrees,
arguing that there are distinct biological races that can be separated on the basis of
physical characteristics and genetic information (p. 528).

4.1 The Dialogue-Based CTCS

Our dialogue-based CTCS is inspired in a drama-based CTCS created and proposed by
Archila (2018). Nobel laureate Roald Hoffmann suggested to Archila that he could use
the play Should’ve (Hoffmann, 2006) for educational purposes. Thus, Archila (2018) con-
cluded that this play was an ideal educational resource for his drama-based CTCS in which
91 medical students in Colombia were asked to identify and evaluate arguments regarding
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a dilemma between ethics, social responsibility, and scientific work presented in Should ve
(Hoffmann, 2006). In our case, we used Two scientists, two perspectives (Beckwith et al.,
2017) in the dialogue-based CTCS as a springboard to articulate (1) argumentation, (2)
critical thinking, (3) argument identification, (4) argument evaluation, (5) decision-making,
and (6) controversial question (Fig. 1).

The scenario was designed as a single 75-min class session, and as recommended by
Archila (2018), the teaching and learning conditions were to provide each student with
opportunities to think critically to: (1) make a decision about a controversial question (“Is
the concept of race applicable to humans?”), (2) identify, and (3) evaluate the arguments
presented in the argumentative interaction between Jon and Tobi in the dialogue Two sci-
entists, two perspectives (Beckwith et al., 2017). To be clear, identifying arguments is pro-
posed as a transition phase between decision-making and argument evaluation (Fig. 1).
This transition is based on the assumption that a good argument identification facilitates
argument evaluation (Berland & Hammer, 2012, as cited in Archila, 2018).

We would like to stress that we consider that the major elements of our dialogue-based
CTCS (Fig. 1) are pragmatic. This means that university science instructors can not only
easily incorporate the classroom scenario into their educational practice, but also use it as
a catalyst for small-group discussion and/or a whole-class debate, and thus take advan-
tage of the highly controversial level of the question, “Is the concept of race applicable
to humans?”. All this is possible because we created this scenario as an unfinished and
open alternative for instructors interested in providing students with explicit opportunities
to practice their argument identification and argument evaluation skills.

5 Method
5.1 Context and Participants

The dialogue-based CTCS was implemented in a university bilingual (Spanish—-English)
science course (Archila et al., 2018, 2021b) called Biology of Organisms. This course was
chosen by convenience sampling—a sample that is selected because of its availability to
the research team (Bryman, 2016). An important reason for this is that the second author is

Decision-making:
Is the concept of race applicable to humans?

Critical thinking |<->Evaluatio n\ I

Two scientists,

Arguments <>

(Beckwith et al. 2017)

Fig. 1 Major elements of the dialogue-based CTCS ( adapted from Archila, 2018, p. 57)
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the course instructor. Biology of Organisms is a large (60-80 students per semester), intro-
ductory course that is offered every semester by the Department of Biological Sciences
to participants in all undergraduate programs at a private university in Bogota, Colombia.
This university has a high academic ranking in Latin America. Its educational policy is to
foster the integration of students from different majors and different age groups. Therefore,
it is very common to see students from different socioeconomic status, academic achieve-
ment, majors (not only Biology and Microbiology), and ages taking this bilingual course.

Among the 131 eligible students, 117 (89.3%) participated in this study. Out of these
117 participants, 73 (62.3%) were females and 44 (37.6%) were males. The age distribution
ranged from 16 to 24 years (M,,.=18.6, SD,,.=1.74). The authors informed the under-
graduates that their answers would have no influence on their final course grade and that
they could withdraw at any time. Participants and their parents were informed of the gen-
eral research purpose. Permission to conduct this research was obtained from the Univer-
sity’s Ethics Committee. All responses were kept confidential. The authors ensured that
the inquiry was not harmful to any participant involved. All participants were treated in
accordance with the ethical guidelines of the American Psychological Association with
respect to consent, confidentiality, and anonymity. For this reason, the undergraduates were
assigned codes to protect their privacy, for example 1U28 means Class 1, undergraduate
number 28.

These 117 participants were grouped into two classes with the dialogue-based CTCS
carried out in the following order:

Class 1: Undergraduates taking Biology of Organisms during the spring semester
(Mage= 18.5), 63 students (35 females and 28 males).
Class 2: Undergraduates taking Biology of Organisms during the fall semester
(Mage= 18.7), 54 students (38 females and 16 males).

It is important to clarify that in both classes, the CTCS was implemented at that stage of
the course where the participants had the necessary subject matter knowledge required to
understand the scientific content behind the controversy. To be clear, this matter knowledge
was discussed in one unit of the syllabus of the Biology of Organisms, namely, “Evolu-
tion.” This unit included key topics, such as allopatric and sympatric speciation, genetic
variation, mechanisms of reproductive isolation, mechanisms of evolution, population
genetics, and sexual selection. Also, it was more likely then that they would have the level
of maturity required to understand the controversial issue, “Is the concept of race applica-
ble to humans?”.

5.2 Instructor Qualifications

As suggested by Archila (2018), to ensure university students were central in the scenario,
the instructor who conducted the CTCS assumed the role of a facilitator. He is Full Pro-
fessor and Head of the Department of Biological Sciences. He holds a Bachelor’s degree
in Biology, a Master’s degree in Biological Sciences, and a Doctor rerum naturalium
degree in neurobiology. He has been teaching the Biology of Organism course for more
than 12 years. Recently, he has cooperated in various biology education innovation projects
at university level. The instructor participated in the construction of the CTCS and was
wholly committed to implementing the scenario, and perhaps more importantly, he intro-
duced some changes in the Biology of Organism course for better implementation, such
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as undergraduates’ instruction in argumentation (how to identify and evaluate arguments)
throughout the course. Prior to the implementation of this research project, the instructor
had not met the student participants.

5.3 Research Design

It is important to clarify that to guarantee a transparent contrast of the results of our dia-
logue-based CTCS with those obtained by Archila (2018) in his drama-based CTCS, we
decided to adopt the research design (data collection and data analysis) suggested by this
academic. Accordingly, our study used a mixed methods approach where quantitative and
qualitative analyses measures were used and considered complementary (Treagust et al.,
2014, as cited in Archila, 2018). The data are the participants’ responses to closed-ended
(quantitative data) and open-ended questions (qualitative data) from a four-phase ques-
tionnaire (Appendix 1). It was felt that the quantitative findings could be useful to docu-
ment achievements of our dialogue-based CTCS while the qualitative results would favor
interpretation and description of participants’ decisions, their argument identification, and
evaluation.

5.3.1 Data Collection

Data were collected from the 117 participants’ written responses. Participants were given
a questionnaire (Appendix 1) by their instructor, who had been asked not to answer any
questions except for clarification of terms. The questionnaire was composed of four phases.
In the first and fourth phases, each undergraduate made their own decision about the con-
troversy, “Is the concept of race applicable to humans?” The purpose of these phases was
to have students make an initial (first phase) and a final (fourth phase) decision. In both
phases, students’ argumentation was sought through the question, “Why did you make that
decision?”.

In the second phase, students read the dialogue Two scientists, two perspectives (Beck-
with et al., 2017). As mentioned previously, the argumentative interaction presented in
the dialogue could be briefly summarized as two positions: (1) Jon argues that “race” has
no biological basis, and (2) Tobi disagrees, arguing that there are distinct biological races
that can be separated on the basis of physical characteristics and genetic information. In
each class, during reading time, scenes were read aloud to the whole class by two students
who assumed the roles of Jon and Tobi. Each student had a copy of the text to which s/
he could refer during the CTCS. The purpose of this phase was to prompt participants to
identify arguments. As the study by van Eemeren et al. (2015) recommends, participants
were asked to “underline” (p. 736) (or highlight) in the text, Jon and Tobi’s arguments
(Appendix 1).

In the third phase, each participant was prompted to evaluate arguments by means of the
following questions: (1) Are Jon’s arguments solid? and (2) Are Tobi’s arguments solid?
Explanations for why or why not were required for each of the two questions (Appendix
1). Also, it should be pointed out that the questionnaire and the dialogue were distributed
to the participants at the beginning of the CTCS. The whole questionnaire and the dia-
logue were in Spanish. Participants were given the option to decide the language (Spanish,
English, or a hybrid version using code-switching) they wanted to use for writing their
answers to each question due to the Spanish—English bilingual nature of the university sci-
ence course (Archila et al., 2018, 2021b).
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Finally, we considered that it was important to find out participants’ opinions about the
CTCS. Accordingly, at the end of the implementation, they were asked to answer a nine-
item survey (5—10 min) (Appendix 2). Archila (2015a, 2015b, 2017) recommends generat-
ing a climate of confidence in the science classroom and asking students for key points
that help the researchers continuously improve a pedagogical innovation. We created the
survey based on questions previously formulated and documented by this researcher. For
this reason, we assumed that these were valid to find out about participants’ opinions of the
CTCS. Participation in the survey was completely anonymous. The whole survey was in
Spanish, and participants were given the option to decide which language (Spanish, Eng-
lish or a hybrid version using code-switching) they wanted to use to answer the open-ended
questions.

5.3.2 Data Analysis

Analysis occurred at three levels: Analysis of participants’ (1) initial and final decisions,
(2) argument identification, and (3) argument evaluation. At the first level, participants’
initial and final decisions (“Is the concept of race applicable to humans?”) were classified:
Yes/No. In their responses to the open-ended question, “Why did you make that decision?”
the initial and the final decisions of each participant were compared and coded in order to
determine whether the CTCS had enriched their argumentation (Table 1). The coding pro-
cess was guided by the premise that argumentation requires the “justification of claims with
reasons and/or evidence” (Erduran et al., 2020, p. 1). According to Erduran et al. (2020),
an argument is valid when it is accompanied by reason (reason-based argument) and/or
evidence (evidence-based argument). All data were coded and analyzed by the first author.
A sample of the data (~50%) from the participants’ initial and final decisions (Questions 2
and 8 in Appendix 1) was coded and analyzed by the second author. The coding was based
on a single yes—no coding method and was conducted independently by the first and the
second author. To assess the inter-coder reliability of this coding, the Cohen’s kappa coef-
ficient (Cohen, 1960) was carried out using the Statistical Package for the Social Sciences
(SPSS®), and the coefficient was calculated as 0.74. According to Bryman (2016), values
between 0.6 and 0.75 are considered a “good” (p. 276) inter-coder agreement. A consensus
was reached after some discussion and further examination of students’ responses.

At the second level, Jon and Tobi’s arguments were identified by each participant and
contrasted with a list of arguments identified by the second, third, and last authors, indi-
vidually. After collating the arguments identified individually by these three authors, we
consolidated a final list that included eighteen arguments (Jon, 5; Tobi, 13) (Appendix 3).
At the third level, the evaluation of the argument responses (“Are Jon and Tobi’s argu-
ments solid?”) (third phase of the questionnaire in Appendix 1) were classified as Yes/No.
In addition, students’ responses (Explain why or why not, Questions 5 and 6 in Appendix
1) were coded (Table 2). The purpose of this coding process was to determine whether
the students effectively provided at least one reason why or why not they considered that
the arguments put forth by Jon and Tobi were solid. As Davies and Barnett (2015), Ennis
(2015), and Hitchcock (2017) remind us, the fact that individuals not only acknowledge
the soundness of the arguments of others (even if they do not agree with them), but also
communicate their reasons about their judgment, is a good indicator of fair-mindedness,
which is an important feature (among others) of critical thinkers. All data were coded and
analyzed by the first author. A sample of the data (~50%) was coded and analyzed by the
second author. This process was based on a single yes—no coding method. The Cohen’s
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Table 1 Codes used in the coding data of the students’ responses to the question, “Why did you make that
decision?”” Note: examples were taken from students’ responses

Code Description Example
ANE = Argumentation ~ At least one new reason-based and/or evidence- At the beginning of the CTCS:
not enriched based argument in the final decision is not found ~ “[Claim: I consider that the concept of race is not
when compared with the initial decision applicable to humans because] [Argument 1]

race in humans is just an excuse to differentiate
ourselves from each other based on our physical
characteristics or geographic location. [Argument
2] In addition, a negative implication has been
given to this term that even differentiates us by
our capacities, socioeconomic status, and other
characteristics” (2U6)

At the end of the CTCS:

“[Claim: I consider that the concept of race is not
applicable to humans because] [Argument 1] the
concept of race is a way of grouping and differen-
tiating humans according to certain characteristics.
[Argument 2] Moreover, race is a concept that can
lead to discrimination” (2U6)

AE = Argumentation At least one new reason-based and/or evidence- At the beginning of the CTCS:
enriched based argument in the final decision was found “[Claim: I consider that the concept of race is appli-
when compared with the initial decision cable to humans because] [Argument 1] humans

have distinctive physical characteristics that can be
used to classify them” (2U18)

At the end of the CTCS:

“[Claim: I consider that the concept of race is not
applicable to humans because] [Argument 1]
there is no scientific basis to justify the use of
certain physical and genetic characteristics to
classify people. [Argument 2] It is also relevant to
consider that a great number of the studies carried
out to support this concept have been carried out
by researchers belonging to one of these races,
which also calls itself the superior race, there is an
evident biased attitude on the part of these people.
[Argument 3] Additionally, the use of physical
characteristics, such as skin color to support the
idea of human race is totally questionable. [Argu-
ment 4] Further, it is also common to find people
appealing to a biased interpretation of results of
the human genome to justify human divisions.
[Argument 5] Moreover, the defenders of this
concept not only lack reliable scientific evidence,
but also manipulate the definition of race accord-
ing to their own interests. [Argument 6] Finally,
although the defenders of the concept of race argue
that the classification of people is beneficial for the
treatment of pathologies and the creation of public
policies, the results show that this classification
has had detrimental consequences on humanity.
[Argument 7] Regarding the treatment of patholo-
gies, there are environmental factors that have
more scientific basis than that of supposed racial
origin. [Argument 8] Additionally, the concept of
race has simply caused racist policies which has
been harmful to humanity” (2U18)
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kappa coefficient was calculated as 0.86 for Question 5 in Appendix 1 and 0.79 for Ques-
tion 6 in Appendix 1. These values are considered a “very good” (Bryman, 2016, p. 276)
inter-coder agreement. Any differences that emerged were discussed by the first and the
second authors until a consensus was achieved. Finally, to enrich our analysis, partici-
pants’ responses to the survey (Appendix 2) were analyzed using frequency counts. Some
answers to open-ended questions (Questions 4, 7, and 8 in Appendix 2) are commented on
in the Results section.

6 Results

The results of the implementation of the dialogue-based CTCS are presented in the fol-
lowing three sections; the first section deals with decision-making (“Is the concept of
race applicable to humans?”); the second section addresses the identification of the argu-
ments of Jon and Tobi (Beckwith et al., 2017); and the third section focuses on argument
evaluation (“Are Jon and Tobi’s arguments solid?”’). The outcomes of the nine-item survey
(Appendix 2) are presented throughout these three sections to provide a deeper understand-
ing of the contribution of this research study.

6.1 Decision-Making

In this research, the dialogue Two scientists, two perspectives (Beckwith et al., 2017) was
the backbone of a dialogue-based CTCS that revolved around the thought-provoking ques-
tion, “Is the concept of race applicable to humans?”’ At the beginning as well as at the
end of the scenario, each participant made a decision about this question (first and fourth
phases in Appendix 1). Table 3 shows the participants’ responses to this controversial
question.

The results displayed in Table 3 indicate that in both classes the participants are
undoubtedly divided between “yes” and “no” answers. This corroborates the controversial
nature of this question. Another key finding here is that in both classes the decisions made
at the beginning (40 “yes” and 23 “no” in Class 1; 33 “yes” and 21 “no” in Class 2) were
almost the same at the end (39 “yes” and 24 “no” in Class 1; 29 “yes” and 25 “no” in Class
2) of the dialogue-based CTCS. In our question, as in many other controversial questions,
there was no straightforward yes/no answer: what was most important were the arguments
constructed by the participants. Specifically, we expected that at the beginning (first phase)
participants made a decision (“Is the concept of race applicable to humans?”) and com-
municated their arguments (“Why did you make that decision?”’) based on their previous
knowledge. And then, the identification (second phase) and the evaluation (third phase) of
Jon and Tobi’s arguments helped them to enrich the arguments they communicated at the
end (fourth phase) of the CTCS. After comparing the participants’ arguments constructed
at the beginning and at the end of the CTCS, Table 4 shows the number of undergraduates
that at the end stayed with the same arguments and the number of participants that enriched
their arguments. A representative number of participants (52/63 in Class1; 49/54 in Class
2) enriched their arguments at the end of the scenario. This is a promising outcome because
as we have been emphasizing throughout this article one of the goals of higher education
should be to promote argumentation rather than impose (indoctrinate) what students decide
or believe.
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Table 3 Decisions made at the

At th inni At th
beginning and at the end of the ( At,; T 1b7e)gmnmg % ( At,tz T le7n)d %
CTCS and by each class: “Is the
concept of race applicable to Class 1 (1=63)
humans?”
Yes 40 63 39 62
No 23 37 24 38
Class 2 (n=54)
Yes 33 61 29 54
No 21 39 25 46
Classes 1 and 2 (N=117)
Yes 73 62 68 58
No 44 38 49 42

6.2 Argument Identification

After making an initial decision (at the beginning of the dialogue-based CTCS), partici-
pants were asked to read the dialogue Two scientists, two perspectives (Beckwith et al.,
2017) and identify (highlight) the arguments of Jon and Tobi (second phase in Appen-
dix 1). Specifically, this dialogue recreates the argumentative interaction between Jon
and Tobi. The former uses five arguments to support his claim that the concept of race is
not applicable to humans while the latter communicates thirteen arguments to refute this
claim (Appendix 3). Our results reveal that the number of Jon’s arguments identified by
participants ranged from two to five (M =4.2, SD=0.86) in Class 1 and from one to five
(M=3.6, SD=1.24) in Class 2, while the number of Tobi’s arguments identified by the
students ranged from one to thirteen (M =8.3, SD=2.69) in Class 1 and from two to thir-
teen (M =6.7, SD=2.79) in Class 2. These outcomes indicate that in both classes, partici-
pants did not have much trouble in identifying at least one of the arguments set out by Jon
and Tobi.

To better interpret these outcomes, the survey shows that a considerable number of par-
ticipants (49/63 in Class 1; 42/54 in Class 2), apart from the Biology of Organisms course,
had received instruction in argument identification (Question 1 in Appendix 2). In addition,
a high number of undergraduates (55/63 in Class 1; 48/54 in Class 2) considered that the
argument identification was useful to help them to make a decision (Question 7 in Appen-
dix 2). Some of their reasons include the following: “this helped me to clarify the two
positions [referring to Jon and Tobi] and their different arguments” and “this was useful
to understand and analyze more easily and promptly the arguments of both people.” Argu-
ably, these reasons illustrate the key role of argument identification in the decision-making
process.

6.3 Argument Evaluation

After identifying Jon and Tobi’s arguments, undergraduate students were asked to eval-
uate arguments based on the question, “Are Jon and Tobi’s arguments solid?” (the third
phase in Appendix 1). According to Erduran et al. (2020), an argument is solid (sound,
valid) when it is accompanied by reason and/or evidence. It is important to bear in mind
that the arguments presented by Jon and Tobi are all solid (Beckwith et al., 2017). Con-
sider the following examples to better illustrate this. Example 1: Jon considers that the
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Table 4 Number of students that

At the end, stayed with the At the end,
enriched their arguments at the © enc, Sayed wi © c el

same arguments enriched their
end of the CTCS arguments
Class 1 (n=63) 11 52
Class 2 (n=54) 5 49

N=117

concept of race in humans is not biologically meaningful because “sequencing the DNA
of human genomes showed that two people picked from any place in the world share
about 99% of their DNA sequences” (Beckwith et al., 2017, p. 533). This argument is
solid (valid) as it is accompanied by evidence (Erduran et al., 2020). Example 2: Tobi
maintains that the concept of race in humans is biologically meaningful because “the
5 racial groups are Africans, Native Americans, Eurasians, East Asians, and Pacific
Islanders. They differ in characteristics such as skin color, bone structure, physique etc.,
all traits with a genetic basis” (Beckwith et al., 2017, p. 532). This argument is solid as
it is justified by reason (Erduran et al., 2020). Table 5 displays the results of students’
evaluation of arguments.

In both classes, more than half of the participating students considered that Jon’s
(46/63 students in Class 1; 35/54 students in Class 2) and Tobi’s (39/63 students in
Class 1; 33/54 students in Class 2) arguments were solid. In our CTCS, argument evalu-
ation was created as a valuable opportunity for students to think critically about the
concept of race in humans. Accordingly, they were required to support their answers
(yes/no) with reasons (“explain why or why not”). Table 6 shows that a considerable
proportion of the students gave at least one full reason to support their evaluation of
Jon’s (51/63 students in Class 1; 44/54 students in Class 2) and Tobi’s (50/63 students in
Class 1; 42/54 students in Class 2) arguments. This demonstrates that these participants
were able to evaluate arguments as fairly as possible. It is important to note that this is
a positive result as it means that students strived to conduct an unbiased evaluation of
arguments, avoiding being dominated by the motivation to prioritize personal beliefs
(Davies & Barnett, 2015; Ennis, 2015; Hitchcock, 2017).

The results of the survey indicate that more than half of the participants (38/63 in Class
1; 33/54 in Class 2), apart from the Biology of Organisms course, had received instruction
in argument evaluation (Question 2 in Appendix 2). Moreover, a representative number of
participants (62/63 in Class 1; 48/54 in Class 2) considered that the argument evaluation
was useful to help them to make a decision (Question 8 in Appendix 2). Some comments
include the following reasoning: “when I evaluated each argument, I analyzed and thought
about how I would have had supported it if I was Jon or Tobi. This served me to gener-
ate my own arguments and ideas” and “it helped me to develop arguments to support my
views. It was not only the quantity of arguments [Jon put forth five arguments and Tobi
thirteen] but the quality of these.” These comments reinforce the importance of providing
students with opportunities to evaluate arguments.

In our CTCS, the dialogue Tivo scientists, two perspectives (Beckwith et al., 2017) was
used as a didactic tool to introduce undergraduates to the identification and the evaluation
of arguments. The results of the survey show that nearly all the students (62/63 in Class 1;
51/54 in Class 2) mentioned they had sufficient time for reading this dialogue (Question
5 in Appendix 2). Some participants (49/63 in Class 1; 36/54 in Class 2) also commented
that the reading aloud activity contributed to their understanding of this dialogue (Question
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Table 5 Record of participants

, . Jon (N=117) % Tobi (N=117) %

that’ evaluation of arguments:

“Are Jon and Tobi’s arguments Class 1 (1=63)

solid?”
Yes 46 73 39 62
No 17 27 24 38
Class 2 (n=54)
Yes 35 65 33 61
No 19 35 21 39
Classes 1 and 2 (N=117)
Yes 81 69 72 62
No 36 31 45 38

Table 6 Results of the participants’ reasons as support to their evaluation of Jon and Tobi’s arguments

Jon Tobi

AENS % AES % AENS % AES %

(N=117) (N=117) (N=117) (N=117)
Class 1 (n=63) 12 19 51 81 13 21 50 79
Class 2 (n=54) 10 19 44 81 12 22 42 78
Classes 1 and 2 (N=117) 22 19 95 81 25 21 92 79

AENS argument evaluation not supported, AES argument evaluation supported

6 in Appendix 2). Another interesting finding related to this dialogue is that a relevant
number of respondents (55/63 in Class 1; 53/54 in Class 2) considered that it was easily
understandable for them (Question 4 in Appendix 2). Some comments include the follow-
ing: “its vocabulary did not contain strange words,” “as this was a dialogue, the arguments
were explicitly presented,” and “it is easy to realize that the dialogue presents two oppo-
site characters, their positions as well as their arguments.” We assume these comments as
feedback about the utility of the dialogue Two scientists, two perspectives (Beckwith et al.,
2017) to provide opportunities for the students to think critically about the controversy
over human race. We provided these opportunities in a context in which nearly all the par-
ticipants (60/63 in Class 1; 51/54 in Class 2), apart from the Biology of Organisms course,
had received instruction in critical thinking (Question 3 in Appendix 2). The point of con-
cern here is that many undergraduates (51/63 in Class 1; 47/54 in Class 2) never (27/63 in
Class 1; 22/54 in Class 2) or infrequently (24/63 in Class 1; 25/54 in Class 2) had had the
opportunity to think critically about whether the concept of race is applicable to humans in
other university courses (Question 9 in Appendix 2).

7 Discussion

To repeat, the preparation of an ideal “critical thinker” is a more complex (and ambitious)
process than engaging students in argument identification and argument evaluation activi-
ties. It is therefore vital to clarify that even though we obtained promising results, we were
not able to prepare ideal “critical thinkers,” but this has never been the intention of our
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study. Our intention was only aimed at reporting on a CTCS based on the controversy over
human race as a pragmatic and effective means to introducing undergraduates to the identi-
fication and the evaluation of arguments, which are expressly promulgated by several schol-
ars as two crucial elements, among many, characterizing critical thinking (e.g., Andrews,
2015; Archila, 2018; Epstein, 2017; Harker, 2015; Hitchcock, 2017; Jiménez-Aleixandre
& Puig, 2012; Lau, 2011; Walton, 2019). The importance of this controversy is that it has
been widely recognized by scholars as an authentic open-ended issue without a clear-cut
solution due to its intrinsic relationship with multiple factors, such as ethical, moral, and
political (Donovan, 2014, 2015a, 2015b, 2016, 2017; Donovan et al., 2019, 2020; Jackson
& Depew, 2017; Morning, 2011; Mukhopadhyay et al., 2014; Tawa, 2020). Three research
questions guided this exploratory investigation. In this section, the results are discussed in
the light of these questions and previous studies. Emphasis is placed on the role of the dia-
logue Two scientists, two perspectives (Beckwith et al., 2017) in our dialogue-based CTCS.

First Research Question—“Does the CTCS provide participants with opportunities to
make a decision about the controversial question of whether or not the concept of race
in humans is biologically meaningful?”. The results of this study showed that the activity
provided participants with opportunities to make an initial and a final decision (Table 3).
In both classes, there was not a drastic change between the initial and the final decision.
To be precise, the discrepancy among students about whether or not the concept of race
in humans is biologically meaningful stayed until the end of the CTCS. It is perhaps most
important to highlight the fact that our outcomes suggested that the scenario helped par-
ticipants to enrich their argumentation independently of the decision they made (Table 4).
This is key point since Andrews (2015) reminds us that one of the goals of higher edu-
cation should be to foster argumentation rather than indoctrinate what students decide or
believe. Therefore, our results reinforce Erduran et al.’s (2020) idea that helping students to
become aware of the importance of justifying their claims with reasons and/or evidence is
a step in the right direction, towards the cultivation of critical thinking skills.

Previous research has underscored the controversial nature of issues such as climate
change (Rehg, 2011), evolution and creationism (Archila & Molina, 2020), GMO crops
(Fahnestock, 2020), and nuclear energy (Jho et al., 2014). Our results expand these
issues. In particular, we provide research evidence for the claim that the issue over
human race is a powerful and effective source of controversy among university students,
which can be used to introduce them to the identification and the evaluation of argu-
ments. Moreover, our findings are in line with previous research which confirms that
the use of socioscientific issues is beneficial for students’ engagement in argumenta-
tion practices such as the identification and the assessment of arguments (Evagorou &
Osborne, 2013; Knight & McNeill, 2015).

Some academics maintain that more efforts and resources should be invested in creat-
ing effective and pragmatic activities focused on the cultivation of critical thinking skills
(e.g., Andrews, 2015; Archila et al., 2019; Hyytinen et al., 2019; Osborne, 2010). Clearly,
(1) effectiveness and (2) pragmatism are two relevant conditions to help instructors assume
their role of facilitators of critical thinking and avoid the (mis)conception that concep-
tual content coverage of the syllabus should be the priority. The controversy over human
race was a key aspect of our dialogue-based CTCS. The fact that making decisions about
whether or not the concept of race in humans is biologically meaningful has caused dis-
crepancy among undergraduate students in an introductory science course, which demon-
strates that this CTCS is not only effective and pragmatic, but also realistic. This is a valua-
ble finding as Morning (2011) mentions that “institutions of higher education are important
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not just for what they impart to students, but for the influence they exercise on their faculty
members’ understandings of racial difference” (p. 46). In relation to this, the results of
the survey (Appendix 2) showed that many undergraduates never or infrequently had the
opportunity to think critically about whether the concept of race is applicable to humans in
other university courses. Arguably, this offers an idea of how relevant our dialogue-based
CTCS was.

Second Research Question—*“Does the CTCS provide participants with opportuni-
ties to identify the arguments presented in a dialogue in which two scientists interact
argumentatively to explore the controversial question?”. The results indicate that in both
classes students did not have much trouble in identifying at least one of the arguments
communicated by Jon and Tobi. To be more precise, Jon put forth five arguments and
Tobi thirteen (Appendix 3). Hence, the maximum possible arithmetic means for each
were 5 and 13, respectively. In the case of Jon’s arguments, we obtained mean of 4.2 in
Class 1 and 3.6 in Class 2. And in relation to Tobi’s arguments, a mean of 8.3 in Class
1 and 6.7 in Class 2 was found. There are at least two plausible reasons to explain these
positive outcomes. First, the majority of participants, apart from the Biology of Organ-
isms course, had previously received instruction in argument identification (Question 1
in Appendix 2). This means that, before this course, they had certain knowledge about
how to identify arguments. Second, a representative number of students considered that
the dialogue Two scientists, two perspectives (Beckwith et al., 2017) was easily under-
standable for them (Question 4 in Appendix 2). This demonstrates that this dialogue is an
effective didactic resource to provide students with opportunities to identify arguments
both for and against the human race controversy. In addition, it could be speculated that,
as van Eemeren et al. (2015) argue, the fact that we have asked students to “underline”
(p- 736) or highlight could have helped them to better identify arguments in the text.
Furthermore, our results confirm those made by earlier researchers (Archila, 2018; van
Eemeren et al., 2015) who dealt with the use of text as didactic resource for the advance-
ment of argument identification.

Third Research Question—“Does the CTCS provide participants with opportunities to
evaluate the arguments presented in a dialogue in which two scientists interact argumenta-
tively to explore the controversial question?”. The results suggest that in our CTCS, par-
ticipants were provided with opportunities to evaluate Jon and Tobi’s arguments (Table 5).
Furthermore, nearly all the participants considered that the argument evaluation was use-
ful in helping them make a decision about the controversial question, “Is the concept of
race applicable to humans?” (Question 8 in Appendix 2). Argument assessment is closely
related to evidence assessment, and both are complex activities (Archila, 2015a, 2015b).
In the context of our CTCS, this complexity is portrayed in the fact that the assessment
of the arguments presented by Jon and Tobi forced participants to analyze whether or not
the articulation of Jon’s (the concept of race is not applicable to humans) and Tobi’s (the
concept of race is applicable to humans) claims with the piece of evidence used by Jon
and Tobi was solid within the argumentation process of these two people. This is a rele-
vant outcome once it is recognized that students cultivate their critical thinking skills when
they are involved in argument evaluation practices (Osborne, 2012). Moreover, this result
expands on the scope of some notable work carried out previously that has examined the
complexity of argument evaluation (Botting, 2016; Jgrgensen, 2007; Selinger, 2014; Wal-
ton, 2015, 2016).

Donovan et al. (2020) and Tawa (2020) invite us to assume science courses as educa-
tional scenarios to combat racial bias and provide students with explicit opportunities to
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reflect on the controversy over human race in an unbiased atmosphere. In a similar vein,
Archila (2018) notes that fair-mindedness is one characteristic, among many others, of
critical thinkers. Hence, a promising finding of our study is that more than half of the par-
ticipants considered that Jon and Tobi’s arguments were solid. These participants evaluated
Jon and Tobi’s arguments impartially—not based on pre-conceived prejudices. Key evi-
dence of this is that many produced at least one complete reason to support their argument
evaluation (Table 6). This means that they were respectful of Jon and Tobi’s alternative
viewpoints and saw both sides of the controversy over human race independently of their
own points of view. Likewise, this result is in alignment with academics’ call to pass from
rhetoric to concrete actions to foster fair-mindedness, among other principles of critical
thinking (Davies & Barnett, 2015; Ennis, 2015; Hitchcock, 2017).

In sum, the results (Tables 3, 4, 5, and 6) are experimental evidence that lead us to
claim that the dialogue-based CTCS provided university students with useful opportu-
nities to identify and evaluate arguments both for and against, and to make informed
decisions about whether or not the concept of race in humans is biologically meaning-
ful. In general, our outcomes confirm that the identification and the assessment of argu-
ments are good supports to guide students in cultivating critical thinking skills useful
to make decisions about controversial issues (Andrews, 2015; Epstein, 2017; Harker,
2015; Hitchcock, 2017; Jiménez-Aleixandre & Puig, 2012; Lau, 2011; Walton, 2019).
In particular, the results reported in this article corroborate the importance and useful-
ness of including socioscientific issues as a way to give students explicit opportuni-
ties to reflect on the moral, ethical, and political factors that influence these issues and
thus become aware of why there is no straightforward solution for them (Evagorou &
Osborne, 2013; Knight & McNeill, 2015).

7.1 Limitations

Four notable limitations of the present study should be acknowledged. First, one hun-
dred and seventeen participants is a relatively small sample size. Therefore, great
caution needs to be taken regarding the generalizability of the results. Second, we
adopted a “convenience sampling” (Bryman, 2016, p. 187) approach because of its
accessibility to the research team. It would be interesting to implement our dialogue-
based CTCS using another approach, such as “purposive sampling” (Bryman, 2016,
p- 410). Clearly, this would require participating students with different assessments
of biological knowledge, and/or race conceptions (essentialist, constructionist), and/
or argumentation skills at the outset. This approach would offer several possibili-
ties. For example, the study of the impact of the CTCS on students’ race concep-
tions. Third, this study has been carried out just in one introductory Biology course
in a Colombian university. Clearly, the implementation of the dialogue-based CTCS
in other courses and other countries would be important to generate more robust evi-
dence. The last serious limitation that should be considered is that half of the partici-
pating students, apart from the Biology of Organisms course, had previously received
instruction in argument identification, critical thinking, and argument assessment.
This is a contextual factor that may have influenced the outcomes obtained in this
study as well as the fact that the great majority of participants never or infrequently
had had the opportunity to think critically about the controversy over human race in
other university courses.
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8 Implications and Scope for Future Research

There are two implications that can be derived from the results of this study. First, if intro-
ducing undergraduates to the identification and the evaluation of arguments is as relevant
to university science education as this article has claimed, instructors should be guided
and supported in the creation, implementation, and evaluation of effective and pragmatic
CTCSs. Second, a vital condition for CTCSs becoming more customary educational prac-
tices is that higher education institutions need to abandon the outmoded (mis)conception
that the conceptual content coverage of the syllabus is the priority. This implies drastic
but desirable changes, for example, to switch from instructor-centered learning to student-
centered learning (Andrews, 2015; Wendland et al., 2015). We consider that the dialogue-
based CTCS reported in this article is a concrete and realistic step in the right direction
towards the construction of student-centered learning scenarios (Hoidn & Klemencic,
2021).

As Archila (2018) notes, a CTCS is in essence an open and unfinished creation for
instructors interested in providing students with opportunities to cultivate their criti-
cal thinking skills. In this sense, future avenues of investigation might enrich and adapt
our dialogue-based CTCS to the circumstances of the practices of other instructors, other
educational contexts, other dialogues, and other disciplines (e.g., biomedical engineering,
chemistry), and other controversial issues. Also, future research could focus on the use of
this CTCS as a springboard to engage students in other legitimate and desirable educational
practices, such as instructor-student and student—student argumentative interaction in the
form of small-group and whole class debates. This is a feasible possibility because the dia-
logue Two scientists, two perspectives (Beckwith et al., 2017) recreates an argumentative
interaction between two scientists (Jon and Tobi). We recommend especially that future
studies should be inspired by the premise that “thinking critically is a defense against a
world of too much information and too many people trying to convince us” (Epstein, 2017,

p- D.
Appendix 1. Questionnaire

Phase One: Decision-making

1. In your opinion, is the concept of race applicable to humans?
2. Yes
3. No

Why did you make that decision?

Phase Two: Argument Identification

Use the text of the dialogue, Two scientists, two perspectives to complete the following
activity.

3. Highlight in the text, Jon’s arguments.
4. Highlight in the text, Tobi’s arguments.
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Phase Three: Argument Evaluation

In your opinion, are Jon’s arguments solid? Explain why or why not.
In your opinion, are Tobi’s arguments solid? Explain why or why not.

Phase Four: Decision-making

In your opinion, is the concept of race applicable to humans?

a.
b.

Yes
No

8. Why did you make that decision?

Appendix 2. Survey

1.

Apart from the Biology of Organisms course, have you ever received instruction in
argument identification?

2. Yes.
3. No.
4. Apart from the Biology of Organisms course, have you ever received instruction in
argument evaluation?
5. Yes.
6. No.
7. Apart from the Biology of Organisms course, have you ever received instruction in
critical thinking?
8. Yes.
9. No.
10. Was the dialogue, Two scientists, two perspectives easily understandable for you?
Explain why or why not.
11. Did you have sufficient time to read the dialogue?
12.  Yes.
13. No.
14. Did the reading aloud activity contribute to your understanding of the dialogue?
15. Yes.
16. No.
17. Was the argument identification useful for you to make a decision? Explain why or
why not.
18. Was the argument evaluation useful for you to make a decision? Explain why or why
not.
19. How often do you have the opportunity to think critically about whether the concept
of race is applicable to humans in other university courses?
20. Very frequently.
21. Fairly frequently.
22. Infrequently.
23. Never.
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Appendix 3. List of arguments identified by the second, third, and last
authors in the dialogue Two scientists, two perspectives (Beckwith et al.,
2017)

Jon’s arguments

1.

“There have been horrendous consequences of social policies that were based on
assumptions that people are born with different skills and behaviors that cannot be
changed. This kind of thinking helped support such destructive social policies as slavery,
discrimination, eugenics, and imperialism” (p. 532).

“For instance, in the eighteenth century European scientist Johann Blumenbach studied
race and concluded that white Caucasians were the most beautiful of races, and Lin-
naeus, a scientist active around the same time, defined Africans as the most capricious
of races” (p. 532).

“Agassiz had no evidence for his ideas other than his own personal negative feelings
about black people. Likewise, Morton’s opinion that, quote, “blacks are the nearest
approximation to the lowest animals” makes it highly unlikely that he was able to study
human races in an unbiased fashion. Remember that Morton’s work was used as support
for slavery in the South” (p. 532).

“Sequencing the DNA of human genomes showed that two people picked from any place
in the world share about 99% of their DNA sequences” (p. 533).

“Rather than looking at what environmental factors (for example, systematic discrimina-
tion, poverty, etc.) might cause a phenotype like high blood pressure, you try to see it
all from a misleading genetic perspective” (p. 534).

Tobi’s arguments

1.

“The 5 racial groups are Africans, Native Americans, Eurasians, East Asians, and
Pacific Islanders. They differ in characteristics such as skin color, bone structure,
physique etc., all traits with a genetic basis” (p. 532).

“Races may differ in their likelihood of getting certain diseases” (p. 532).

“Some trace its beginnings to the eighteenth century when European scientists came
up with ideas about the 5 classical races. Later, U.S. scientists contributed further
support for the theories” (p. 532).

“Harvard Professor Louis Agassiz, in the nineteenth century, proposed that Africans
and whites had evolved separately. And Dr. Samuel Morton in Philadelphia measured
the skull capacity of different supposed racial types. His estimations of brain size sup-
ported the race theories of his predecessors” (p. 532).

“At any rate, with new tools and more rigor, 20th- and 21st-century scientists have
continued to provide support for the conclusions about races we have been talking
about” (p. 532).

“Most of these 1% differences in DNA are found in all human populations and geo-
graphic places. However, each population differs in what percentage of the people in
that population have the variants” (p. 533).

“These frequencies were studied by genome scientists who developed a computer
program to sort people into different groups using these similarities and differences
in their DNA sequences. The computer program was able to take DNA sequence data
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and neatly group people into their geographical regions of origin based on those dif-
ferences. And, the computer reported that it could sort the populations into 5 groups,
corresponding to the geographical regions of the 5 classical races” (p. 533).

8. “The scientists were able to ask that the computer tell them what the groups would look
like when the sequences are analyzed to divide people into 2, 3, 4, 5, or 6 groups. When
they asked for 5 groups, the computer program reported those 5 geographical races
that fit best. Other numbers yielded different groupings with more or fewer peoples
classed together” (p. 533).

9. “There have been subsequent studies based on more sequences that neatly split people
into 18 groups by geographical regions” (p. 533).

10. “In this study, 14 groups were within Africa and the 4 remaining groups within the
rest of the world. So I would say that there are still the 5 racial types, but maybe the
African race can be further divided into 14 groups within Africa alone” (p. 533).

11.  “The use lies in the fact that genetically defined races might have common features
that are potentially useful to know” (p. 534).

12. “Many African Americans with origins in West Africa have a strong tendency to have
high blood pressure. Researchers found a mutation in a gene that is responsible for the
condition” (p. 534).

13.  “Just African Americans seem to exhibit high blood pressure. Those tested in West
Africa who had the same susceptibility gene did not have high blood pressure” (p.
534).
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