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markers of argument strength. We outline possibilities and challenges with
using the RFM in educational contexts and conclude by proposing directions
for future research.

Keywords
argument analysis, argumentation, assessment framework, informal logic,
writing assessment

'Department of Health, Education and Technology, Luled University of Technology, Sweden
2Department of Educational Foundations, Montclair State University, NJ, USA
3Department of Teaching and Learning, Ohio State University, Columbus, USA

Corresponding Author:

Viktor Gardelli, Department of Health, Education and Technology, Lulea University of
Technology, Luled, 97187, Sweden.

Email: viktor.gardelli@Iltu.se


https://us.sagepub.com/en-us/journals-permissions
https://journals.sagepub.com/home/wcx
mailto:viktor.gardelli@ltu.se
http://crossmark.crossref.org/dialog/?doi=10.1177%2F07410883221148664&domain=pdf&date_stamp=2023-03-04

2 Written Communication 00(0)

[Schools need] to cultivate deep-seated and effective habits of discriminating
tested beliefs from mere assertions, guesses, and opinions, to develop a lively,
sincere, and open-minded preference for conclusions that are properly
grounded, and to ingrain into the individual's working habits methods of
inquiry and reasoning appropriate to the various problems that present
themselves.

Dewey (1910, p. 28)

In academic circles and beyond, people are becoming increasingly con-
cerned about the phenomenon of “post-truth” and its eroding effects on the
functioning of liberal democracies (Barzilai & Chinn, 2020; Crosswhite,
2018; Kavanagh & Rich, 2018). Briefly, post-truth is a societal condition
characterized by an increased volume of falsehoods, a declining trust in
information provided by established institutions, and a growing disagree-
ment about verifiable facts (Kavanagh & Rich, 2018). A vivid example of
the serious consequences of post-truth for society and individual well-being
is a recent struggle to coordinate an evidence-based response to the COVID-
19 pandemic. Despite ongoing efforts of the scientific community to share
disciplinary knowledge about infections, treatments, and vaccinations, many
people around the world continue to resist vaccination efforts based on
unsubstantiated speculations and conspiracy theories about the disease
(Bolsen & Palm, 2022; Puri et al., 2020).

Education has long been seen as a powerful mechanism to combat misin-
formation and prepare future citizens to make better decisions (Dewey, 1910;
Postman, 1995). Reflecting this view, national and international educational
policy documents have identified competency in argumentation as an impor-
tant educational goal and stressed the importance of providing students with
opportunities to formulate and justify their own views and to critically evalu-
ate those of others (National Governors Association, 2010; Partnership for
21st Century Skills, 2012; Swedish National Agency for Education, 2021).
There is also a growing body of theory and research on instructional interven-
tions that can promote student engagement in argumentation in a variety of
disciplines (Asterhan & Schwarz, 2016; Kuhn, 2010; Osborne, 2010;
Reznitskaya et al., 2009).

Yet even our best efforts to date may not be sufficiently rigorous to help
students learn how to navigate the increasingly disorienting informational
landscape created by the post-truth condition. In an insightful article on this
topic, Barzilai and Chinn (2020) proposed that current education might, in
fact, contribute to the development of post-truth thinking by not focusing
enough on the epistemic criteria that underlie sound judgments. That is,
although students may now be more encouraged to share their opinions, less
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attention is being paid to discussing how we know what we know and what
makes some conclusions more reasonable than others. We further suggest
that practices that promote the sharing of opinions without critically examin-
ing them may reinforce poor reasoning and contribute to the development of
relativist epistemic beliefs, according to which knowledge is seen as entirely
subjective and idiosyncratic and there are no established criteria that can be
used to decide on the trustworthiness of knowledge claims.

Moreover, typical assessment practices used to evaluate students’ perfor-
mance on argument-related tasks, such as an argumentative essay, often rely
on structural analysis. That is, they omit important criteria of argument evalu-
ation, focusing instead on the presence—rather than quality—of structural
elements, such as claims, evidence, and rebuttals (Chinn et al., 2016; Newell
et al., 2011; Rapanta et al., 2013). Relying on such assessments may prevent
teachers and students from acquiring deep understanding of how to distin-
guish between good and poor reasoning. Thus, current assessment practices
might further contribute to the development of relativist conceptions about
knowledge construction and justification.

The purpose of this article is to explore the use of a different analytic
framework, which goes beyond structural analysis. The framework, called the
Rational Force Model (RFM), originated from the work of a Norwegian phi-
losopher Ness (1959) and was further developed by several Nordic scholars
(Backman et al., 2012; Bjornsson et al., 1994; Fellesdal et al., 1990; Gardelli
et al., 2019). We and others (Backman et al., 2012; Bjornsson et al., 2009)
have refined the RFM into the commonly accepted version described here and
used it to teach college-level philosophy courses. In this article, we introduce
the RFM to a broader audience and explore the ways in which it can inform
new approaches to assessment of written arguments in educational contexts.

We begin with a review of common practices used to evaluate argument
quality in educational contexts, focusing on the limitations of assessments
based largely on structural analysis. Next, we present principles and proce-
dures of the RFM. Using an example of an argumentative essay, we demon-
strate the potential of the RFM to improve argument analysis and contribute
to the diagnostic and instructional value of educational assessments. We then
outline the possibilities and challenges related to the use of the RFM in edu-
cational settings and conclude by proposing directions for future research.

Limitations of Structural Analysis for Assessing
Argument Quality

Structural analysis is commonly used in educational research and practice to
evaluate the quality of students’ arguments (Erduran et al., 2004; Rapanta
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et al., 2013; Sampson & Clark, 2008). In such analysis, many educators rely
on Toulmin’s (1958) model, which describes the general structure of an argu-
ment and identifies unique functions of six core elements: claims, grounds,
warrants, backings, qualifiers, and rebuttals. When assessing arguments
using Toulmin’s model, credit is typically awarded for the presence of select
argument elements. For example, McNeill and colleagues (McNeill, 2011;
McNeill & Knight, 2013; McNeill & Krajcik, 2012) drew on Toulmin’s
model to develop a CER framework with three argument elements: Claims,
Evidence, and Reasoning. This framework informed assessment, instruction,
and teacher professional development aimed at supporting scientific argu-
mentation in middle school science classrooms.

Structural analysis, either based on Toulmin’s model or other frameworks
(e.g., Kuhn & Crowell, 2011), offers a useful heuristic for assessing student
arguments. Indeed, studies have shown that structural analysis can account
for a large proportion of variance in argument quality (De La Paz et al., 2012;
Ferretti et al., 2009). However, several researchers have criticized the educa-
tional community’s reliance on this approach, pointing out practical and con-
ceptual limitations (Chinn et al., 2016; Erduran, 2018; Kim & Roth, 2018;
Nussbaum et al., 2019; Oyler, 2019). Assessments based on structural analy-
sis, including those used in our own studies, typically reward students for
producing more of the desired argument elements in their essays (Dong et al.,
2008; Erduran et al., 2004; Reznitskaya et al., 2001; Zohar & Nemet, 2002).
Although such assessments identify key elements of an argument, they do not
provide criteria for judging the quality of these elements (Nussbaum et al.,
2019). Thus, even if structural analysis captures variability in student
responses, it does not focus on epistemic criteria that underlie sound judg-
ments, and therefore has limited diagnostic value for informing assessment,
feedback, and instruction.

In a compelling example, Chinn et al. (2016) illustrated problems with
relying solely on a structural analysis to assess the quality of arguments.
Using the written argument against vaccinations shown below, they demon-
strated how seriously flawed reasoning can remain undetected, and even
receive high scores based on the presence of key structural elements:

Children should not be vaccinated. A study published by Wakefield and
colleagues in British Medical Journal, one of the world’s most prestigious
journals, showed that children given MMR vaccinations were much more
likely to become autistic. This means that vaccinations are dangerous and cause
autism. Doctors say that my children will be safer if given a vaccination, but
they do not have personal knowledge of my children. I do, and I know in my
heart that they are better off without taking that terrible risk. Scientists say that
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we should trust their studies that show that vaccinations do not cause autism,
but the scientists who conducted them expected the vaccinations to work, so
they are quite biased and should not be taken seriously. Now lots of US
television programs are shedding light on this issue, which shows that there are
more and more experts who are coming around and opposing vaccinations and
debating the scientific establishment. This shows that there is now a strong
expert opposition to vaccination.

As Chinn et al. (2016) noted, this text “scores at the pinnacle” (p. 8) of any
structural analysis. It incorporates several desirable argument elements,
including claims (e.g., Children should not be vaccinated), grounds (e.g., 4
study. . . showed that children given MMR vaccinations were much more
likely to become autistic), and warrants (e.g., This means that vaccinations
are dangerous and cause autism). The text also contains counterarguments
(e.g., Doctors say that my children will be safer if given a vaccination), which
are undermined by the use of rebuttals (e.g., . . .but they do not have personal
knowledge of my children). However, the quality of all these structural ele-
ments and their contribution to the overall strength of the argument are not
typically scrutinized in a structural analysis, allowing inaccurate and irrele-
vant justifications to go unnoticed.

Some researchers have combined structural analysis with other schemes
designed to take into account the content of arguments, thus enhancing the
validity of assigned scores (e.g., Kuhn & Udell, 2003; Means & Voss, 1996;
Reznitskaya & Wilkinson, 2020). For example, when assessing student argu-
ments about everyday ill-structured problems, Means and Voss (1996) sup-
plemented structural analysis with a scheme that categorized reasons into six
categories: abstract, consequential, rule-based, authority, personal, and
vague. Although the authors assumed that the quality of reasons decreased in
the order of the presented categories, they did not offer any justification for
the proposed hierarchy. In our own work, when assessing persuasive essays
of elementary school students, we expanded our structural analysis by incor-
porating a list of acceptable and relevant statements for and against the main
claim (Reznitskaya & Wilkinson, 2020). We developed this list by first con-
ducting a thematic analysis of a sample of students’ essays, and we awarded
credit to statements in students’ essays only if they appeared on the list. Such
additions to purely structural analysis are helpful, but they are atheoretical
and inefficient (i.e., they are content specific). Moreover, they fail to account
for the differential quality of argument elements used by students to strengthen
or undermine the positions in their arguments. Also, because the elements are
counted in a piecemeal fashion, the relationships among elements remain
unexamined.
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One notable alternative to structural analysis in educational contexts is the
classification of argument schemes described by Walton (Walton, 1996a;
Walton et al., 2008). It includes descriptions of more than 60 reasoning pat-
terns commonly used in a variety of everyday and disciplinary contexts. Each
argument scheme is accompanied by a list of critical questions that can be
asked to evaluate arguments following the scheme in a given context. For
example, when encountering a scheme called an “argument from expert opin-
ion,” one can ask whether the expert is credible, whether the knowledge of
the expert is in the relevant domain, and whether the expert’s claim is sup-
ported by evidence (Walton, 2014). Asking such critical questions can inform
the analysis of several propositions in the anti-vaccination text, such as
Doctors . . . do not have personal knowledge of my children. I do, and I know
in my heart that they are better off without taking that terrible risk. In these
propositions, the author is contrasting the knowledge of a doctor with that of
a parent. Raising critical questions about the relevant expertise and the kind
of evidence most appropriate to determine the safety of medical procedures
can help identify weaknesses in reasoning that values parental knowledge
over medical expertise.

Walton’s argument schemes offer helpful and theoretically grounded ana-
lytic tools, and educational researchers are increasingly using them to design
innovative instructional and assessment applications in a variety of school
subjects, including science, history, social studies, and math (for a review, see
Rapanta, 2022). For example, Ferretti et al. (2009) examined the use of argu-
ment schemes in the persuasive essays of elementary school children. The
authors applied normative standards for specific argument schemes that were
appropriate for the given discursive purpose (i.e., to persuade) and controver-
sial topic (i.e., deciding on a school policy). They suggested that students
should use Walton’s (1996b) “argument from consequence” scheme and listed
relevant critical questions that students needed to consider in their essays,
such as “How sure are you that the (good, bad) consequences (outcomes,
results) will actually happen? How do you know that these consequences will
actually happen? Do you have evidence (facts, data, support) that these conse-
quences probably will happen if we implement the policy?” (Ferretti et al.,
2009, p. 587). Such applications of Walton’s schemes help to address the key
problem of structural analysis, as they refocus educators’ efforts on the critical
evaluation of argument elements, rather than their mere presence. Still,
Walton’s critical questions do not provide a direct assessment of argument
quality, as there are no established procedures for converting critical questions
into judgments regarding the reasonableness of an argument.

In sum, although assessments based on structural analysis offer practical
tools that capture certain differences in student performance, they provide
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limited diagnostic and instructional value in terms of the epistemic criteria
for evaluating the quality of an argument. Alternative evaluation schemes are
either ad hoc or, if theoretically grounded, do not readily make visible the
basis for judging argument quality. In the next section, we introduce another
promising analytic framework for evaluating arguments, the RFM, which
enables a theoretically sound, systematic, and transparent analysis of argu-
ments based on key epistemic criteria of acceptability and relevance. We sug-
gest it could provide a valuable framework to improve assessment and inform
instruction in various educational contexts.

The Rational Force Model

Overview of the Analytic Process

An RFM analysis relies on two key concepts: acceptability and relevance.
The acceptability of a proposition reflects the degree to which we have good
reasons to believe that the proposition is correct. The relevance of a proposi-
tion reflects the degree to which we have good reasons to believe that the
proposition, if it were correct, would be effective in achieving its aim.

The RFM analysis of an argument is conducted in two phases: Descriptive
and Evaluative. The Descriptive phase precedes the Evaluative phase and
entails two interpretive processes: a propositional reconstruction, where the
wording from the original text is reformulated into grammatically correct
sentences that express distinct ideas, and an argument reconstruction, where
the relations between these ideas are analyzed and shown using a specific
notation.

During argument reconstruction, we differentiate between first-level
propositions, directed towards the main claim, and other propositions (sec-
ond-, third-level, etc.), which are directed toward propositions other than the
main claim. Each proposition is then classified as intended to either support
or undermine the acceptability or relevance of its target proposition. Thus, an
RFM argument reconstruction is based on a classification with four types of
propositions in addition to the main claim, as shown in Figure 1.

As shown in Figure 1, the classification used during the argument recon-
struction is based on an interpretation of the aims of the propositions. For
instance, an acceptability support is defined as a proposition intended to
increase another proposition’s acceptability, and the classification in the
Descriptive phase makes no promise as to whether a proposition actually suc-
ceeds in supporting another proposition’s acceptability.

In the second, Evaluative phase, each proposition resulting from the
Descriptive phase (except for the main claim) is evaluated using the same
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Support Objection
Acceptability support (AS): Acceptability objection (40):
Acceptability A proposition intended to increase another A proposition intended to decrease another
proposition’s acceptability proposition’s acceptability
Relevance support (RS): Relevance objection (RO):
Relevance A proposition intended to increase another A proposition intended to decrease another
proposition’s relevance proposition’s relevance

Figure |. Four types of propositions in an RFM analysis.
Note. Adapted from Backman et al. (2012).

concepts of acceptability and relevance that were used to classify the proposi-
tions during the argument reconstruction. Importantly, the relevance of a
proposition during the evaluation process is assessed independently of its
acceptability. For instance, if one argued that “School is dangerous for most
students” by stating “All teachers are zombies,” we would assign a very low
acceptability value to the latter proposition, because we have no good reasons
to believe that it is correct. Nonetheless, we would assign a very high rele-
vance value to the very same proposition, since if it were correct that all
teachers were zombies, then we would have good reasons for believing that
school is dangerous.

During the Evaluative phase, each proposition, regardless of its type, is
assigned three values: an acceptability (A) value, a relevance (R) value, and,
derived from these, a rational force (RF) value. In various versions of the
RFM, scholars have relied on different scales and analytic schemes for
assigning these values (Backman et al., 2012; Bjornsson et al., 1994, 2009).
To make the RFM more accessible, it is common to first present the model
using an ordinal scale. In this article, following Bjornsson et al. (2009), we
use a S-point scale, with values ranging from very low (VL), indicating that
the value is close to nonexistent, to very high (VH), indicating that the value
is as close to maximal as possible.

The rational force value is the strength with which each proposition in the
argument influences the proposition it is aimed at, and it is fully determined
by the acceptability and relevance values. For instance, an acceptability sup-
port with a very high rational force positively affects the acceptability of the
proposition that it is intended to affect. Likewise, a relevance support with a
very high rational force positively affects the relevance of the proposition
that it is intended to affect. Thus, both acceptability and relevance values are
influenced by the rational force values of higher-level propositions. When all
propositions except for the main claim have been evaluated and assigned a
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PI:DP' Argumen‘t Verbatim Propositional reconstruction E
0.  reconstruction
A R RF
1 T Children should not be vaccinated. VL
2 AS: This means Sl‘lat vaccinations are Vaccinations are dangerous. VL H VL
dangerous ...
3 ASIAS; ... and cause autism.” Vaccinations cause autism. VL H VL
“A study published by Wakefield and A study in the BMJ shows that children
colleagues in British Medical Journal ... given MMR vaccinations were much
4 AS1AS1AS; | showed that children given MMR more likely to become autistic. VL H VL
vaccinations were much more likely to
become autistic.”
5 RSIASIASIAS, | - One of&he world’s most prestigious BMJ_ls_ one _ofthe world’s most VH H H
journals ... prestigious journals.

Figure 2. RFM analysis of an excerpt from the anti-vaccination text.

Note. “R” stands for relevance, “A” for acceptability, and “RF” for rational force. We use a
scale with the following values for relevance, acceptability, and rational force: very low (VL),
low (L), medium (M), high (H), and very high (VH).

rational force value, it is possible to ultimately weigh together the rational
forces of all first-level propositions and assign a single acceptability value to
the main claim. This acceptability value represents the cumulative rational
force of all other propositions in an argument.

The results from both the Descriptive and the Evaluative phases of the
RFM analysis are simultaneously presented in a table. To illustrate the RFM
analysis, let us consider the first few lines from the anti-vaccination text,
shown in Figure 2 (analysis of the entire text is presented in Appendix). In
row 1, we present the main claim (MC) that “children should not be vacci-
nated.” In row 2, in the “Verbatim” column, we show the original wording of
a proposition supporting the main claim (“This means that vaccinations are
dangerous . . .”). To the right, in the column called “Propositional reconstruc-
tion,” we capture the intended meaning of the original wording, using a full
sentence (“Vaccinations are dangerous”). In the “Argument reconstruction”
column, row 2, “AS,” denotes that this is the 1st acceptability support for the
main claim. The notation “AS,AS,” in the next row denotes the 1st accept-
ability support for AS,. That is, the proposition “Vaccinations cause autism”
is a second-level proposition aimed at making the first-level proposition
“Vaccinationsare dangerous” more acceptable. Thenotation “RS,AS AS |/ AS,”
in row 5 marks the first relevance support. That is, the statement “BM.J is one
of the world’s most prestigious journals™ is intended to enhance the relevance
of the results of a study reported in this journal (AS,AS AS,) with regard to
the claim that “Vaccinations cause autism” (AS,AS)).

In the “Evaluation” columns to the right, we present results from the
Evaluative phase, where we assigned three values to each proposition: an
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acceptability (A) value, a relevance (R) value, and, derived from these, a
rational force (RF) value. To evaluate the acceptability and relevance of a
proposition, we must know its relation to other propositions in the argu-
ment, which is why the Descriptive phase precedes the Evaluative phase.
As noted earlier, both acceptability and relevance values are influenced by
the rational force values of higher-level propositions. For example, the
acceptability of the lower-level proposition AS, (“vaccinations are danger-
ous”) is affected by the rational force scores of higher-level propositions
directed towards them, such as AS,|AS, (“vaccinations cause autism”). Note
that, although AS, is highly relevant to the main claim, it has a very low
acceptability because of the low rational force value of its supporting prop-
osition, AS,AS,. The very low acceptability value of AS, indicates that
there are no compelling reasons to trust the statement that vaccinations are
dangerous.

In the final part of the Evaluative phase, the main claim is assigned a sin-
gle acceptability value, which reflects the aggregated rational force scores of
all previous propositions. In Figure 2, the final result of the Evaluative phase
is a very low acceptability value of the main claim (“Children should not be
vaccinated”), shown in the first row, under column A.

Acceptability Values

The acceptability value of a proposition is a measure of the degree to which
we have reasons to believe that it is correct. The assignment of acceptability
values is cumulative. That is, the acceptability of a proposition is affected by
the rational forces of acceptability supports and acceptability objections
directed at it. For instance, the very low rational force of AS, AS,AS, (“A
study in the BMJ shows that children given MMR vaccinations were more
likely to become autistic”) reduces the acceptability of AS AS, (“Vaccinations
cause autism”). In turn, the very low rational force value of AS AS, reduces
the acceptability value of AS, (“Vaccinations are dangerous”).

Whenever propositions have no acceptability support or acceptability
objections directed at them, we must use other strategies for determining
their acceptability values. For instance, to assess the acceptability of the rel-
evance support “BMJ is one of the world’s most prestigious journals”
(RS,AS,AS AS, in row 5), we examined databases ranking scientific jour-
nals based on impact factors and other bibliometrics. According to these
sources, BMJ is a highly ranked journal in its subject field, which results in a
very high acceptability value.

We also relied on subject-specific knowledge to assess the acceptability of
the proposition “A study in the BM.J shows that children given MMR vacci-
nations were much more likely to become autistic” (AS AS,AS, in row 4).
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According to BMJ, the original study reporting a link between vaccinations
and autism had serious methodological problems and has been retracted.
Based on this knowledge, we assigned a very low acceptability value of
AS,AS AS,. Moreover, this study was initially published in, and later
retracted from, The Lancet, not the BMJ.

It is important to note that acceptability judgments reflect our current
understandings and subjectivities within a given disciplinary context, such as
medicine or history. For example, propositions “Heavy smoking causes lung
cancer” and “Americans landed on the moon in 1969 should receive very
high acceptability values; propositions “Zinc supplements reduce the length
of cold” and “Alger Hiss was an intelligence asset of the Soviet government”
should receive medium acceptability values; and propositions “Drinking
bleach helps cure Covid-19” and “The 9/11 attacks were planned by the US
government” should receive very low acceptability values. Bjornsson et al.
(1994) explained that the result of applying the RFM will “inescapably be
influenced by how extensive or limited our knowledge is, and what more or
less well-founded valuations and opinions we happen to have. However, this
is not a serious problem. The method helps us to determine the validity of an
argument in a systematic way. Through that, we can make a judgment about
the main claim that is well-founded at least in relation to our knowledge,
valuations, and opinions.” (p. 51, as translated by the authors). When apply-
ing the RFM to educational assessment and instruction, teachers and students
can rely on disciplinary expertise and standards to assign acceptability val-
ues, and, perhaps more importantly, engage in inquiry about why certain
propositions have lower acceptability values than others.

Relevance Values

The relevance value is a measure of the degree to which we have reasons to
believe that the proposition, if it were correct, would be effective at achieving
its aim. Because effectiveness is dependent on the aim of the proposition, and
there are four types of propositions with four different aims, relevance is
described differently with regard to each type of proposition. The following
definitions are presented in Bjornsson et al. (2009, pp. 191-192), with minor
changes to terminology (cf. Backman et al., 2012):

A. The relevance of an acceptability support A4S for another proposition
P is a measure of the extent to which AS would rationally compel us
to accept P, if we assumed that A4S were correct.

B. The relevance of an acceptability objection 4O against another prop-
osition P is a measure of the extent to which 40 would rationally
compel us to reject P, if we assumed that 4O were correct.
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C. The relevance of a relevance support RS for another proposition P is
a measure of the extent to which RS would rationally compel us to
view P as relevant, if we assumed that RS were correct.

D. The relevance of a relevance objection RO against another proposi-
tion P is a measure of the extent to which RO would rationally compel
us to view P as irrelevant, if we assumed that RO were correct.

For example, the relevance value of the proposition “Vaccinations are
dangerous™ (AS,), which is an acceptability support for the main claim
“Children should not be vaccinated,” is a measure of the extent to which
“Vaccinations are dangerous” would rationally compel us to accept “Children
should not be vaccinated,” if we assumed that the proposition “Vaccinations
are dangerous” were correct. If it is correct, this would greatly enhance the
acceptability of the main claim that children should not be vaccinated. This is
why the acceptability support “Vaccinations are dangerous” receives a high
relevance score.

For another example, let us consider the proposition “A study in the BMJ
shows that children given MMR vaccinations were much more likely to
become autistic” (AS,;AS,AS, in Row 4). If we assume the proposition to be
correct, then we should be rationally compelled to also accept the proposition
it is aimed at (“Vaccinations cause autism,” AS AS, in Row 3). In other
words, when evaluating the relevance value of a proposition, we assign the
value independently of whether or not the proposition is, in fact, true. The
acceptability of the proposition is evaluated separately, and it is taken into
consideration during the determination of the proposition’s rational force
value.

Just as with acceptability values, the assignment of relevance values is
influenced by higher-level relevance supports, if there are any. For example,
let us consider the relevance support “BM.J is one of the world’s most presti-
gious journals” (RS,AS,AS AS, in Row 5). This proposition was assigned a
very high acceptability value. It also had high relevance with regard to the
proposition “A study in the BM.J shows that children given MMR vaccinations
were much more likely to become autistic” (AS,AS,AS, in Row 4), resulting
in its high rational force. The high rational force value of this relevance sup-
port in turn makes the relevance value of the proposition AS,AS,AS high.

Rational Force Values

The rational force value of a proposition—that is the strength with which it
influences the proposition it is aimed at—is fully determined by its accept-
ability and relevance values. According to Bjornsson et al. (2009), “for a
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proposition in an argument to be good—for it to have high rational force—it
is required that it is both acceptable and relevant” (p. 12, as translated by the
authors). Bjornsson et al. (2009) provided general guidelines for combining
acceptability and relevance values to come up with the rational force:

e A proposition has the highest possible rational force when both accept-
ability and relevance are the highest possible.

e [fthe relevance of a proposition is not the highest possible, the rational
force decreases to an at least equivalent degree. If there is an entire
lack of relevance, there is also an entire lack of rational force.

e The same applies to acceptability. If the acceptability of a proposition
is not the highest possible, the rational force decreases to an at least
equivalent degree.

e [fboth acceptability and relevance are lower than the highest possible,
then the rational force “inherits” both these weaknesses. If the accept-
ability pulls down the rational force a bit, the relevance pulls it down
further. (Bjornsson et al., 2009, pp. 44-45, as translated by the authors)

For instance, although the relevance of the proposition “A study in the
BMJ shows that children given MMR vaccinations were much more likely to
become autistic” (AS,;AS,AS, in Row 4) is high, its acceptability is very low,
resulting in a very low value for the rational force. We further developed the
guidelines proposed by Bjornsson et al. (2009) into a matrix presented in
Figure 3. The matrix shows how to combine acceptability and relevance val-
ues assigned using a 5-point ordinal scale to determine a rational force of a
given proposition. We relied on this matrix to determine the rational force
values in Figure 2 and in Appendix A.

From Figure 3, we can see that if a proposition is low in either acceptabil-
ity or relevance, its rational force is also low, making it weak in relation to its
specific aim. However, we also need to consider that the aims are different for
the four types of propositions: acceptability support, relevance support,
acceptability objection, and relevance objection (see Figure 1). According to
prior scholarship (Backman et al., 2012; Bjornsson et al., 2009), the rational
forces can be interpreted in relation to the different aims as follows:

a. The rational force of an acceptability support AS for a proposition P
is a measure of the extent to which 4S would rationally compel us to
accept P.

b. The rational force of an acceptability objection 40O against a proposi-
tion P is a measure of the extent to which A4S would rationally compel
us to reject P.
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Acceptability
Very high High Medium Low Very low

Very high | Very high High Medium Low Very low

High High Medium Low Low Very low
Relevance | Medium | Medium Low Low Very low = Very low
Low Low Low Very low | Verylow = Very low

Very low | Very low = Verylow = Verylow = Verylow = Very low

Figure 3. Matrix of rational force values based on relevance and acceptability
values, assigned with a 5-point ordinal scale.

c. The rational force of a relevance support RS for a proposition P is a
measure of the extent to which 4S would rationally compel us to view
P as relevant.

d. The rational force of a relevance objection RO against a proposition
P is a measure of the extent to which A4S would rationally compel us
to view P as irrelevant.

By weighing together the rational forces of all first-level propositions, we
can assign a single acceptability value to the main claim. We use the term
“acceptability,” rather than “rational force,” to describe the final judgment
about the main claim. This is because the main claim is, by definition, a
proposition that is not directed toward or against another proposition, and
thus it cannot be attributed a relevance value. Since the rational force value is
the product of the relevance and acceptability values, it does not apply to the
main claim. Neither can there be any relevance supports or objections directed
at the main claim, since the main claim cannot be relevant or irrelevant.

Note that the acceptability value of the main claim is determined by
weighing together the rational forces of the first-level acceptability supports
and objections. Gardelli et al. (2019) developed detailed and theoretically
based procedures for taking into account the rational force values of these
first-level propositions, but they are beyond the scope of this article. Instead,
we present several basic rules, proposed by Bjornsson et al. (2009, p. 49, as
translated by the authors), that can guide the process of weighing together the
rational forces of supports and objections:
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e The total strength of the propositions supporting a certain proposition
increases the more there are and the stronger they are.

e The total strength of the propositions opposing a certain proposition
increases the more there are and the stronger they are.

e Propositions that are supporting and opposing a main claim and that
have equal strength cancel each other out.

For example, in the anti-vaccination text, the only two first-level proposi-
tions are acceptability supports (AS, and AS,, see Rows 2 and 20 in Appendix
A), and both of these have very low rational force values. Our RFM analysis
shows that the accumulated acceptability of the first-level proposition
“Vaccinations are dangerous” (AS,) is very low, and the same goes for the
second first-level proposition, “There is now a strong expert opposition to
vaccination” (AS,). Even though both of these propositions have high rele-
vance, their rational forces are very low, because of their very low accept-
ability. Together, these first-level acceptability supports fail in providing
strong reasons to believe that the main claim is correct.

To conclude, based on the RFM analysis of the entire text shown in
Appendix A, the acceptability value for the main claim, “Children should not
be vaccinated” (shown in row 1, under “A”) is very low. Our RFM analysis
reveals that although the anti-vaccination argument has a complex structure,
contains many desirable argument elements, and would score high using
structural approaches, it fails to provide acceptable and relevant reasons to
support the main claim.

Using Numeric Values

In several publications on the RFM (e.g., Bjornsson et al., 2009; Gardelli
et al., 2019), researchers have proposed analytic schemes that use numbers
between 0 and 1 to assign acceptability and relevance values. Working with
numeric values adds clarity and precision to the RFM analysis, but it also
increases the complexity and other challenges of the model and may present
problems with the reliability of values assigned by different scorers.
Detailed discussion of the use of numeric values is beyond the scope of
this article, but we include Figures 4 and 5 to demonstrate the potential of the
RFM for quantitative analysis. In Figure 4, we provide two alternative
methods of converting verbal values we used for acceptability and relevance
in Figure 2 to numeric intervals. One of the methods relies on a linear trans-
formation and another on nonlinear transformation. Although the linear
transformation is more accessible and easier to apply, the nonlinear version is
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Values Linear numerical score intervals Non-linear numerical score intervals
Very high 0.8to1 095to 1
High 0.6t0<0.8 0.8 t0 <0.95
Medium 0.4t0<0.6 0.2t0<0.8
Low 02t0o<0.4 0.05t0<0.2
Very low 0to<0.2 0to<0.05

Figure 4. Conversion of a verbal scale to numeric intervals.

Acceptability
0.9 0.7 0.5 0.3 0.1
0.9 0.81 0.63 0.45 0.27 0.09
0.7 0.63 0.49 0.35 0.21 0.07
Relevance 0.5 0.45 0.35 0.25 0.15 0.05
0.3 0.27 0.21 0.15 0.09 0.03
0.1 0.09 0.07 0.05 0.03 0.01

Figure 5. Rational force values based on the RFM Multiplication model (Bjérnsson
et al., 2009).

more theoretically appropriate and functions better at more advanced levels
of analysis.

In Figure 5, we demonstrate a “Multiplication model” proposed by
Bjornsson et al. (2009) for combining relevance and acceptability values.
According to this model, the rational force of a proposition in an argument is
the product of the relevance and acceptability values. For example, after
assigning relevance and acceptability values ranging from 0 to 1 for a propo-
sition in an argument (for instance, R=0.6 and A=0.8), we multiply these to
get the proposition’s rational force (0.6 X 0.8=0.48). In Figure 5, we give
more examples based on the Multiplication model, where we use the mean
values for each relevance and acceptability interval in the linear numerical
score intervals column in Figure 4.
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Affordances and Challenges of RFM-Based
Assessments

We argue that the RFM has the potential to improve the assessment of student
arguments in several ways. First, the RFM supports evaluation of the content
of each proposition, based on acceptability and relevance, two criteria that
are widely considered to be fundamental markers of argument strength
(Ennis, 2003; Govier, 2010; Nielsen, 2013). Second, the RFM provides a
comprehensive, detailed, and transparent account of all propositions used in
the argument and it shows the relations between those propositions. Third,
the RFM yields a single value that captures the rational force of the argument
as a whole with regard to its main claim, showing the extent to which the
author succeeds in providing support for the main claim.

For researchers, the diagnostic information that is made available with
RFM-based assessments could assist with designing interventions to develop
students’ competency in argumentation. As previously noted, our current
understanding of argumentation development and the effectiveness of related
instructional interventions is largely based on student outcome measures that
rely on structural approaches (Berland & McNeill, 2010; Butler & Britt,
2011; Osborne et al., 2004; Reznitskaya et al., 2008; Yeh, 1998). This under-
standing could be enhanced, and possibly revised, if researchers assess stu-
dent performance using the RFM, a framework that evaluates the acceptability
and relevance of every proposition in an argument. By having an explicit
focus on these two criteria, researchers may be better equipped to study con-
ditions that help students acquire a more robust knowledge of argumentation
and develop dispositions to value a truth-seeking process.

For teachers, using assessments based on the RFM could help enhance
their understanding of argumentation and revise their instructional practices.
In preparation for a lesson, a teacher could construct a graphic representation
of an excerpt of an argument, such as that shown in Figure 6, and assign
acceptability and relevance values to different propositions. In this way, the
levels of various propositions readily become apparent (vertically), as do the
differences between types of propositions—acceptability supports and objec-
tions are pointed directly toward other boxes of propositions, whereas rele-
vance supports and objections are pointed toward links between different
boxes. Whether a proposition serves as a support or an objection could be
captured by the color of the box with, for example, supports shown in green
and objections in red. Using the graphic representation, a teacher could dis-
cuss argument evaluation with students and engage them in reflection on why
certain propositions have lower acceptability values and relevance values
than others.
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A: Very low
Children should not be vaccinated.

RF: Very low

REF: Very low

RF: Very high REF: Very low «

RF: Very high RF: Very low

Figure 6. An example of visual representation of an excerpt from the anti-
vaccination text.

Similarly, students could construct their own graphic representations of
arguments in preparation for writing a paper or critiquing a peer’s paper. This
would further promote reflection on the epistemic criteria that underlie qual-
ity arguments. For students, the key understanding afforded by the RFM is
that, because the rational force value is the product of the relevance and
acceptability values, a proposition must be both acceptable and relevant in
order for an argument to be strong.

Discussion of an RFM-based assessment of an argument could also help
teachers and students reflect on the epistemic criteria that underlie knowl-
edge justification in different disciplinary contexts. For example, the accept-
ability of a literary interpretation can be supported with details from the text;
the acceptability of historical conclusions can be justified by reference to
historical documents and artifacts; and that of scientific claims by systematic



Backman et al. 19

experimentation, observation, and interpretation of data. Having discussions
about acceptability and relevance of propositions in different disciplines
could help teachers and their students consider the affordances and limita-
tions of different epistemologies and promote the development of epistemic
cognition aligned with disciplinary standards of knowledge construction
(Barzilai & Chinn, 2020; Braten et al., 2017; Goldman et al., 2016).

Although we are encouraged to envision new possibilities with RFM-
based assessments, we also recognize the need for various modifications to
make RFM applications feasible in a typical classroom. In our current work,
we are exploring such modifications, including those shown in Figures 6 and
7. These figures provide examples of ways of translating the RFM for use in
educational settings. A guiding principle is to preserve essential features of
the RFM, such as distinguishing between the four types of propositions and
different levels of propositions in arguments, as well as evaluating the accept-
ability and relevance of each proposition, while also making the RFM-based
assessments accessible, useful, and feasible for teachers and their students.

For example, we plan to streamline the procedures for deriving accept-
ability, relevance, and rational force values by having teachers use a 3-point
scale, with high, medium, and low values, as shown in Figure 7, instead of
the 5-point scale described earlier in this article. In addition, we aim to clarify
complex concepts using prompts such as “why believe” for acceptability and
“why care” for relevance (see the column labeled “Type” in Figure 7 for an
example). These modifications are in line with previous incorporations of
everyday language in instructional RFM materials, such as “Why?” and
“How do you know?” (acceptability questions) and “So what?”” and “What
does this have to do with anything?” (relevance questions) (Backman et al.,
2012, p. 88, as translated by the authors).

To help teachers assess argumentative writing with a large number of stu-
dents, we may need to design a scoring rubric with analytic categories repre-
senting key features of the RFM (e.g., acceptability, relevance). This rubric
will be informed by the RFM, but it would not require teachers to engage in
formal evaluation of each proposition in a student’s essay.

Implications for Future Research

In this article, we presented a critical review of structural approaches to eval-
uating argument quality. We then described another framework, the RFM,
and explained how RFM-based assessments can support a theoretically
sound, systematic, and transparent analysis of naturally occurring arguments
based on the criteria of acceptability and relevance. We suggest that explicit
focus on these criteria, which is largely missing from current assessment
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Level Type Student Wording Meaning Evaluation
Acceptability = Relevance = Rational force
. . “Children should not be
Main claim " ,, Low
vaccinated.’
. “This means that vaccinations are Vaccinations are dangerous. N
1 Why believe | g, oo™ Low High Low
2 Whybelieve |*..and causc autism.” Vaccinations cause autism. Low High Low
“A study published by Wakefield and | A study in the BMJ shows that
colleagues in British Medical children given MMR vaccinations
3 Why believe | Journal ... showed that children were much more likely to become Very low High Very low
given MMR vaccinations were much | autistic
more likely to become autistic.™
hy en “... one of the world’s most BMYJ is one of the world’s most . " .
4 Why care | | tigious journals ... prestigious journals Very high High High

Figure 7. Modification to support RFM-based assessments for teachers.

practices, would help engage students and their teachers in discussions of
why some claims are more trustworthy than others, thus promoting deeper
understanding of epistemic criteria and processes that underlie disciplinary
knowledge construction. Such an understanding should, in turn, result in
more robust learning of complex topics and lead to the development of epis-
temic cognition that reflects justification standards and practices used by pro-
fessionals in academic disciplines (Braten et al., 2017).

Despite the potential of the RFM for assessment and instruction, we also
recognize the need for further theoretical developments and empirical
research on the use of the RFM in educational contexts. For example, addi-
tional analytic categories could be applied to propositions in an RFM-based
analysis. These categories might include a clarity value for each proposition,
as well as other diagnostic indicators for the entire argument, such as width,
or the number of distinct propositions of the same level; depth, or the number
of levels of propositions; and alternatives, or the number of opposing
propositions.

Let us first consider the category of clarity, as an example. When a text
written by a student is unclear, it may cause problems both in the Descriptive
and the Evaluative phases. For example, in the Descriptive phase, there may
be interpretative difficulties in both the propositional reconstruction and the
argument reconstruction phases. In a propositional reconstruction, ambigu-
ous sentences may permit multiple interpretations and require substantial
changes in the original wording to articulate the precise meaning of the prop-
osition. Unclear texts also cause difficulties in the Evaluative phase. As
Bjornsson et al. (2009) explained, “When one determines the rational force in
different arguments, one soon notices that it is important that both the main
claim and the propositions are clearly formulated. Unclearly stated proposi-
tions have unclear rational force and it is difficult to evaluate the rational
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force of propositions supporting unclearly stated main claims” (p. 51, as
translated by the authors). In the context of classroom instruction, the need to
make substantial changes to the original wording might indicate a weakness
in a student’s argumentative writing. For example, two students might pro-
duce argumentative essays that, when reconstructed, turn out to be the
same, but where larger modifications are needed for one of the essays.
Adding an analytic dimension that represents c/arity would help to create a
more nuanced and comprehensive account of differences in students’
performance.

Researchers may also be interested in other features of student’s argu-
ments. For example, an analytic category called “width” could help to reveal
the number of distinct propositions at the same level, indicating how broad
and comprehensive an argument is. This horizontal aspect of an argument is
unnecessary in the judgment of argument quality if the author has shown the
main claim to be correct through a single first-level acceptability support
proposition with a very high rational force value. However, when an argu-
ment is about a contestable question, this is rarely the case, and there may be
a need for several first-level acceptability supports that together make the
main claim more acceptable. The requirement for width of an argument is
therefore dependent on, among other things, the rational force scores of first-
level acceptability supports.

On the other hand, some arguments may be characterized by several weak
first-level acceptability supports but lack further elaboration of them. These
arguments would be wide, but not deep. The depth of an argument could be
another RFM-based category that reflects the number of levels of proposi-
tions, indicating how detailed and elaborated the argument is. As with argu-
ment width, argument depth is not a necessary requirement for a strong
argument. The requirement for depth is contingent on the RFM scores of
lower-level propositions, such as first-level acceptability supports. That is, a
first-level proposition with a very high rational force value makes further
elaboration unnecessary. The construct of argument depth needs to be inves-
tigated further to provide clear guidelines for valid assessment.

Alternatives is another useful category that could provide diagnostic infor-
mation about the number of first-level acceptability objections, as well as the
number of acceptability objections or relevance objections against first-level
or higher-level supporting propositions. Consideration of alternatives is a
desirable feature of students’ arguments (Asterhan & Schwarz, 2016; Kuhn &
Moore, 2015; Osborne, 2010). It has been previously advocated by Neess
(1959), who stated, “Under all conditions, we must expect that, when we
have reached a conclusion—whether based on thorough or superficial con-
siderations—we lose the ability to consider counter-arguments to some
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extent. Therefore, we must spend more energy on counter-arguments than on
further pro-arguments that support an already presented conclusion. Usually,
we do the opposite. We collect new pro-arguments but overlook or forget new
counter-arguments” (Nass, 1959, p. 81, as translated by the authors). Further
research is needed to determine how to account for consideration of alterna-
tives when using the RFM for assessment purposes. For instance, students’
alternative scores should increase if they incorporated relevant objections to
the main claim and responded with acceptable and relevant objection, while
the scores should not increase if students used irrelevant objections.

Another direction for further theoretical development in adapting the
RFM to an educational context is to explore productive ways of combining
the RFM with analytic strategies from other frameworks, such as Walton’s
argument schemes and dialogue types (Walton, 1996a; Walton et al., 2008).
During an RFM analysis, each proposition is assigned acceptability and rel-
evance values, but different scorers may rely on various considerations when
assigning these values. This could be considered as a strength of the RFM, as
it provides placeholders to be instantiated by discipline-specific epistemic
criteria and practices. At least some of these criteria and practices are
described by the argument schemes developed by Walton and colleagues
(Walton, 1996a; Walton et al., 2008). For example, Walton’s scheme “argu-
ment from expert opinion” and the accompanying set of critical questions
(Walton et al., 2008) can be used to help with the assignment of relevance
values in the anti-vaccination text. For instance, the critical question “Is £ an
expert in the field that [proposition] 4 is in?”” can alert the scorer to the fact
that personal knowledge of a parent generally lies outside the scope of medi-
cal expertise. Accordingly, the proposition “The parent feels that the children
would be better off without vaccination” (AO,AO,AS, in Appendix A) is
given a very low relevance value, minimizing the proposition’s rational force.
Thus, Walton’s argument schemes may inform judgments about relevance
during an RFM analysis.

Importantly, the choice of normative argument schemes and related criti-
cal questions could be informed by another useful framework developed by
Walton—his typology of dialogue types. According to Walton (1998), argu-
mentation happens in different contexts, or dialogue types, which have “dis-
tinctive goals and methods used by the participants to achieve these goals” (p.
3). Walton identified six dialogue types—inquiry, persuasion, negotiation,
information-seeking, deliberation, and quarrel—and described normative
protocols for engagement within each type. For example, inquiry dialogue is
a collaborative process with the goal of working toward the most reasonable
conclusion. By contrast, persuasion dialogue is a competitive process aimed
at defending chosen positions and undermining opponents’ arguments. This
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difference in dialogue types is important because the relevance of a proposi-
tion could be determined by the degree to which it contributes to the dia-
logue’s goal. Future research should examine how the concept of relevance is
understood in relation to different dialogue types.

In addition to theoretical developments, the field would benefit from addi-
tional empirical studies that examine the psychometric properties of RFM-
based assessments. For example, we need to establish whether different
scorers can reliably engage in propositional and argument reconstruction and
assign consistent acceptability and relevance values. We also need to use both
correlational and qualitative methodologies to better understand how RFM-
based scores compare to those derived from other analytic and holistic scor-
ing frameworks, including assessments based on largely structural approaches.
To further validate the functioning of the RFM-based scores, we need to
examine how argumentation skills assessed with the RFM relate to other
variables, such as disciplinary knowledge, epistemic cognition, and demo-
graphic characteristics.

We also need to study how teachers might use RFM-based assessments in
the classroom. For example, it is important to identify the ways in which
RFM-based assessments shape instruction in argumentative writing and
inform individual feedback provided to their students. Also, considering that
teachers’ epistemic cognition affects their practices and student learning
(Brownlee et al., 2011; Greene et al., 2016; Maggioni & Parkinson, 2008), we
need to develop an evidence-based understanding about the instructional
value of RFM-based assessments for teachers and examine how these assess-
ments can support teacher learning about argumentation and epistemic crite-
ria that underlie disciplinary judgments.

Finally, we acknowledge that the procedures presented in the paper may
seem too complicated for assessment and instruction in educational contexts.
However, our experience is assuredly in line with Bjornsson’s et al. (2009)
conclusion that consistent use of the RFM “trains you to notice the relations
between the propositions in a text, even when you are not using pencil and
paper or computer and makes it easier to . . . quickly evaluate the [argu-
ment’s] rational force” (p. 56, as translated by the authors).” Under the
assumption that all arguments are reducible to only four proposition types,
together with a main claim, the RFM offers a very powerful yet parsimonious
framework for evaluating argument quality. Our hope is that engagement in
RFM-based analysis, in whatever form it takes, will help teachers, students,
and others to consider carefully the key qualities of propositions that make
them more or less trustworthy and thereby “cultivate deep-seated and effec-
tive habits of discriminating tested beliefs from mere assertions, guesses, and
opinions” (Dewey, 1910, p. 28).
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