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ABSTRACT

Given the emphasis on critical thinking across the undergraduate curricula, research on argument visualisation has signifi-

cant implications for designing learning activities in higher education. This systematic review examines research on the use of

argument maps or diagrams by postsecondary students. The goals were to identify the themes, research questions, and results

of systematically identified studies, and to assess the current prospects for meta-analyses. Relevant databases were searched
for qualitative, observational and experimental studies. We coded 124 studies on research design, mapping software, student
attitudes, collaborative mapping and thinking skills. There were 102 empirical studies, of which 44% assessed student attitudes
toward argument mapping, 40% investigated collaborative argument mapping and 51% examined the quality or structure of

student-constructed argument maps. The causal relationship most frequently investigated was the effect of argument mapping

on critical thinking skills. We present the results from selected studies and consider their significance for learning design.

Developing students' ability to argue, the core component of crit-
ical thinking, has long been held as a goal of higher education
(Wolfe 2011). Whether taught in dedicated courses, ‘Critical
Thinking 101’, or integrated into a myriad of courses across
disciplines, informal reasoning and argumentation have con-
tinued to receive considerable attention across the undergrad-
uate curricula (Kleemola et al. 2022). Argument mapping has
been increasingly adopted as an approach to developing argu-
mentation and critical thinking ability in undergraduate edu-
cation, and argument mapping researchers have reported gains
in critical thinking ability relative to other common methods of
teaching argumentation (van Gelder 2015). An additional and
complementary purpose for adopting argument mapping in the
postsecondary classroom is to deepen students’ knowledge of
the concepts that are the subject of the argument (Asterhan and
Schwarz 2016).

© 2025 John Wiley & Sons Ltd.

Despite substantial research that has investigated argument
mapping, and the obvious importance of understanding its po-
tential benefits as an instructional approach in higher education,
we could find no peer-reviewed systematic reviews that focus on
the topic. Scheuer et al. (2010) conducted a systematic review of
computer-supported argumentation which emphasised system
features and learning effects across educational levels. A thesis
by Alvarez (2007) reported a meta-analysis which investigated
the effects of philosophy instruction on critical thinking abil-
ity. Although both reviews considered the effects of argument
mapping as a facet of their work, neither examined the full set
of studies on argument mapping for postsecondary learners
available at the time they were published, and, of course, many
studies have appeared since that time. This systematic review
examines the range of research questions investigated in the
primary research, not only effects on critical thinking ability.
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We cover additional dependent variables such as domain knowl-
edge, writing skills, and student attitudes toward argument
mapping, and we consider independent variables such as collab-
orative versus individual argument mapping.

1.1 | WhatIs Argument Mapping?

Whether drawn on paper or composed with specialised soft-
ware, an argument map or diagram is a visual representation
of an argument's structure. An argument map often consists of
nodes representing propositions (i.e., statements) connected by
links that indicate support or opposition. Figure 1 shows a sim-
ple argument map representing an argument implicit in a com-
monplace conversation.

More complex argument map formats give greater detail about the
role of each statement in an argument, allowing arguers to specify
that a statement (i.e., a qualifier) limits or restricts a claim to which
it is connected, or that a supporting or opposing node is justified
by another statement (i.e., a warrant) to which it is conjoined.

Although they represent the same fundamental support/oppose
relations between statements, some argument maps are designed
more like charts than node-link maps. They tend to have a bilat-
eral structure with statements supporting a main claim listed on
one side and statements opposing the claim on the other (Nesbit
et al. 2024). In contrast, argument maps with a node-link structure
tend to allow more choice in the placement of statements (nodes).

Although it is the visuospatial features of argument maps that
distinguish them from conventionally written arguments, the
meaning that argument maps convey is still highly dependent on
the textual statements that appear within their boxes or panels.
Davies (2011) compared three popular mapping techniques—
concept mapping, mind mapping and argument mapping—and
highlighted their distinct functions in organising and represent-
ing knowledge. Concept mapping and mind mapping are used to
depict a wide range of semantic relationships between concepts.
Argument mapping differs by focusing on logical reasoning, rep-
resenting inferential connections between statements rather than
causal or associative links. Crucially, each box or node in an argu-
ment map must contain at least a proposition, whereas a node in
a concept map or mind map may contain a noun or noun phrase.

1.2 | Mapping to Learn

Argument-focused learning activities in postsecondary educa-
tion tend to be justified with respect to two distinct curricular

goals. They are presented as (a) developing students’ general
argumentative or critical thinking ability (Davies 2019; van
Gelder 2005) or (b) providing a cognitively engaging vehicle for
fostering student construction of domain concepts (Jonassen
and Kim 2010). This is equally true of learning activities based
on argument mapping.

From a cognitive perspective, the first goal of argument map-
ping, learning to argue, means internalising an argument
schema and rehearsing the ability to apply it in a range of sit-
uations. As argument maps are a more tangible and systematic
formalism for representing arguments than other verbal media
such as argument essays, repeated practice in constructing them
may be a particularly efficient way to develop argument schemas
in long term memory.

The second goal, arguing to learn, means using argument to
cognitively process and construct meaning from information
about the domain. For instance, making an argument about
the relationship between voltage, current and resistance using
data gleaned from measurements of a circuit may be an effective
way to develop an accurate and resilient mental model of Ohm's
law. In this case, the argument map serves as a cognitive tool
(Pakdaman-Savoji et al. 2019) that guides the learner to process
important semantic relations and thus facilitates the construc-
tion of the mental model. Davies (2009) contended that mapping
facilitates meaningful learning by structuring new information
in a way that connects to existing knowledge, thereby enhanc-
ing comprehension and retention.

We recognise a third goal, not always made explicit, which is the
intersection of argumentation ability (the first goal) and disci-
plinary expertise (the second goal). The third goal is to develop
domain-specific argumentation abilities, which are the unique
argumentative strategies and their associated terminology that
emerge from the application of argument to domain-specific con-
cepts. Almost every disciplinary domain in postsecondary educa-
tion (law, medicine, philosophy, etc.) strives to develop students'
domain-specific reasoning and critical thinking strategies. The
goal of developing discipline-specific argumentation skills may
have implications for the types of argument maps and mapping
activities adopted in the varied disciplines of higher education.

1.3 | Themes and Causal Relationships

In this review of argument mapping in higher education, our
purpose was to identify and categorise the research questions
investigated in this field, and to present the findings of selected
representative studies. One of the challenges in reviewing a

You should take an
umbrella.

| see dark clouds outside.

FIGURE1 | Example of a simple argument map.

Oppose

The weather report
predicts the sky will clear.
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body of research with disparate goals and methods is to main-
tain a coherent narrative that selects the most representative
and impactful examples and organises them into meaningful
clusters. We have chosen to organise our review according to
common research themes and causal relationships investigated
by the reviewed studies. Studies that use qualitative methods
or single-group quantitative methods are often not aiming to
identify causal relationships. Instead, their contribution is to
investigate what we refer to as themes such as student percep-
tions of a learning experience, the socio-cognitive processes or
behaviours exhibited by learners, the products that result from
those processes, or the instructional designs implemented by in-
structors. In contrast, studies that use quantitative methods to
compare learners receiving different treatments seek to deter-
mine the existence and strength of causal relationships between
independent and dependent variables. The crucial link between
the two types of studies is that themes inform the construction
and operationalisation of the independent and dependent vari-
ables that define causal relationships. Accordingly, our strategy
in summarising research results is to first present the themes
that researchers have explored and use them to inform our pre-
sentation of research investigating causal relationships.

A third purpose of this review is to survey the prospects for
meta-analyses on argument mapping in higher education. In
educational research, meta-analyses that investigate the effect
of instructional treatments on learning outcomes are typically
restricted to reviewing studies that compare the outcomes of
treatment groups. Single-group, pretest—posttest studies are
usually excluded because they pose obvious threats to valid-
ity. Students tend to progress intellectually as they go through
university, and therefore any changes between the repeated
measures cannot be solely attributable to the research interven-
tion (Marsden and Torgerson 2012). To have enough statistical
power to detect an effect, a meta-analysis requires sufficient
studies and participants (Valentine et al. 2010). While any cut-
off is contestable, we accept that at least 10 studies are desirable
for a publishable meta-analysis that includes moderator analysis
(Myung 2023). Because we are interested in assessing the viabil-
ity of meta-analyses for research on argument mapping in post-
secondary education, the coding system and analysis adopted
for this review gives greater attention to experimental and quasi-
experimental studies that compare treatment groups.

The fourth purpose of the review is to draw implications from the
results for the design of learning activities in higher education.
As we have discussed, critical thinking and argumentation are
widely regarded as important goals at this educational level, and
those goals permeate the curricula across most undergraduate
programs. Therefore, research findings that bear on the efficacy
or perceived value of instructional innovations aiming to develop
those abilities should be of great interest to university and col-
lege instructors. In the final section of the discussion, we propose
ways, informed by our findings, that instructors might feasibly
and productively incorporate argument mapping in their courses.

2 | Methods

Selection criteria were developed to capture all available jour-
nal articles, conference proceedings and edited book chapters

relevant to argument mapping in postsecondary education
and published in English. Dissertations, theses and full-
length books were excluded to ensure a focus on sources that
have undergone formal peer review. We included research
that:

« Reviewed theories, empirical studies, or instructional prac-
tices related to argument mapping in postsecondary con-
texts. Such studies provide foundational insights into how
argument mapping is conceptualised, implemented and
evaluated in higher education.

« Collected and analysed data from postsecondary students
who either constructed argument maps or engaged with
preconstructed maps as a learning activity. Although rela-
tively few studies focused on learning from preconstructed
maps, they were included to broaden our understanding
of different instructional approaches. We recognise that
the distinction between studying and constructing maps is
instructionally important and clarify the mode of learning
when describing individual studies.

« Employed quantitative or qualitative research designs.
Including studies with diverse methodologies and research
foci enabled us to develop a clearer understanding of the re-
search landscape—what has been explored, which designs
and methods have been used, and where gaps or opportuni-
ties for future inquiry remain.

Between 6 September and 7 October, 2024, we searched
EBSCO (PsycInfo, Academic Search Complete, Education
Source, ERIC), the Web of Science Core Collection, Scopus,
ACM Digital Library and IEEE Xplore. Due to differences in
database features, in EBSCO, Web of Science and Scopus, we
searched the title, abstract and key words; and in ACM DL and
IEEE Xplore, we searched all fields and full text. The follow-
ing search query, or a near-as-possible proxy, was used for all
databases:

("argument* map*" OR "argument* visual*" OR "argument* diagram*")
AND
(learn* OR educat* OR instruct*)

Figure 2 shows a PRISMA flowchart (Page et al. 2021) that de-
tails the identification, screening and inclusion of the reports.
The publications excluded as ‘not on topic’ during screening
tended to be computing science investigations of problems such
as automatic extraction of argument maps from text, uses of ar-
gument maps for public policy decision making, and linguistic
research on the representation of argumentation in language.
119 reports were retained for coding and indexed in an Excel
spreadsheet. During the coding process, four articles were dis-
covered that reported multiple studies. The studies were sep-
arately indexed, and the spreadsheet was expanded to list 124
studies.

2.1 | Code Development and Interrater Agreement

A set of codes (i.e., a codebook) was developed that reflected the
goals of the review and our nascent understanding of common
themes in the studies acquired through the selection process.
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Selection of Studies Retrieved from Databases

Records identified from:
EBSCO (n =233)
SCOPUS (n=195)

Web of Science (n = 146)
ACMDL (n=173)

|EEE Xplore (n=19)
Total = 766

Identification

*| Duplicate records removed (n = 390)

Records screened by title and abstract (n = 376)

Records excluded:
+ Notin English (n=7)
Not on topic (n =122)

I

Reports sought for retrieval (n = 247)

*| Reports not retrieved (n = 20)

Screening

Full texts of reports screened (n = 227)

Reports excluded:
Not on topic (n = 36)
Not focused on postsecondary (n =72)

Reports included in review (n = 119)

Included

\ J

FIGURE2 | PRISMA flowchart showing how studies were selected.

We created codes to identify whether the study was an empirical
investigation; whether it analysed quantitative data, qualitative
data, or both; and, if quantitative, what type of research design
was used. Focusing on the themes investigated by the studies,
we created codes to identify whether studies examined collab-
orative argument mapping, student attitudes toward argument
mapping, use of technology to support argument mapping, the
validity of argument maps for educational assessment, and the
quality or structure of students’ argument maps. Studies that
gave different treatments to groups of participants and quantita-
tively assessed the effect of independent variables on dependent
variables were of special interest. For such studies, we devel-
oped codes to mark the use of key independent variables (argu-
ment mapping, argument map type, learning context) and key
dependent variables (thinking skills, writing skills, motivation
to learn, domain concepts, argument map quality). A few other
codes (country in which the research was conducted, name of
software used for argument mapping, setting in which the ar-
gument mapping occurred) were used to collect data that were
peripheral to the research questions.

Coding studies for systematic review involves many decisions
that require interpretation of predefined codes (i.e., variables)
and application of the codes to unanticipated study features.
Although independent coding by multiple researchers raises
the risk of inconsistent coding decisions, evaluation and im-
provement of agreement among multiple raters can substan-
tially increase the transparency, consistency and replicability
of the coding process (Belur et al. 2021). We randomly selected
studies to form three batches that both authors coded as part
of a code development and interrater agreement process. After

independently applying the draft codes to the first batch of stud-
ies (n=13), we met to discuss disagreements and modify, merge,
add, or discard codes that had proven difficult to apply with con-
sistent agreement. The resulting codebook consisted of the 19
codes shown in Appendix.

Two codes (Country, Mapping Tool) were exempted from inter-
rater agreement evaluation because they were found to be eas-
ily and objectively codable. We used Cohen's kappa (k) to assess
interrater agreement (Cohen 1960; McHugh 2012). Our goal for
interrater agreement was k>0.81 for each code, which Landis
and Koch (1977, 165) identified as an arbitrary benchmark in-
dicating “almost perfect” agreement. After using the codebook
independently to code the second batch of studies (n=12), we
obtained a mean interrater agreement of k=0.77 and a range
across the codes from k=0.31 to k=1.00. After another meeting
to discuss disagreements and further refine definitions in the
codebook, we coded the third batch of studies (n =19). This time
we obtained a mean interrater agreement of k=0.91. Only one
code (Thinking Skills as DV, k=0.73) fell below our criterion.
Also, kappa could not be calculated for three codes (Argument
Map Type as IV, Motivation as DV, Argument Mapping Ability
as DV) due to insufficient instances of those features in our final
batch. We decided to randomly divide the remaining studies
between the two authors, who proceeded individually to code
them using all 19 codes. Finally, we calculated post hoc kappa
values for the four codes which had not yet met the reliability
criterion. For the Thinking Skills as DV code, this was done by
randomly selecting and double-coding five cases that had been
coded 1 and six cases that had been coded 0, a procedure which
returned k=0.82. The relative lack of consistent agreement on
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this code was due to the difficulty of defining the concept of
thinking skills and the frequent occurrence of unanticipated
borderline cases of the concept. But since the criterion level for
agreement was reached, we retained the code for analysis. For
the low frequency codes, we double-coded all the cases coded as
1 and a random selection of a sufficient number of those coded 0
to allow a kappa calculation based on a set of 11 cases. Each low
frequency code returned k=1.00.

In reporting results of individual studies, we present mean
difference effect sizes whenever they can be obtained from or
reliably derived from the study. Where there is a difference be-
tween Cohen's d and Hedge's g due to small sample size, we
report g. When the two metrics produce the same value, we re-
portitasd.

3 | Results

Of the 124 retained studies, the 102 coded as empirical were
subject to further coding and analysis. The remainder were 7
reviews dealing with various aspects of argument mapping in
higher education and 15 proposals for technical or instructional
designs. Our systematic review focuses on the empirical studies
but cites the identified reviews as needed to explain and support
ideas emerging from the analysis.

3.1 | Argument Mapping Software Tools

Of the empirical studies, 91 had students work with computer-
based tools to construct argument maps. While some studies
had students use general graphical tools (e.g., PowerPoint) or
pencil and paper, most deployed specialised argument mapping
tools. The studies identified 42 specialised argument mapping
tools, which varied widely in structure and functionality. The
most widely used tools were Rationale (15 reports), LASAD (8),
LARGO (7), Kialo Edu (3), GAIL (3), jMap (3), MindMup (3) and
AGORA (3).

3.2 | Research Methodologies

We found 98 studies that collected, analysed and presented data
from learners using an identifiable research methodology. Of
these, 58 used solely quantitative analysis, 10 used solely qual-
itative analysis and 30 combined quantitative and qualitative
analysis.

Among the 40 studies which used qualitative analysis, there
were three main approaches. By far, the most common approach
was to ask students open-ended questions in an interview or sur-
vey after they had participated in an argument mapping activity
and then categorise their expressed beliefs about and attitudes
toward the activity. Kaeppel (2021), for example, conducted
semi-structured interviews with students after they engaged
with argument mapping. The students’ statements were anal-
ysed to categorise their attitudes toward the argument mapping
experience. A second approach was to use qualitative methods
to analyse participants’ sequences of cognitive and behavioural
processes while constructing argument maps. The data were

obtained from a variety of sources, which included think-aloud
protocols, video, chat logs and retrospective interviews. Jeong
and Kim (2022) exemplified this approach by recording think-
aloud protocols during a mapping activity and participants’ post-
activity recollections in interviews. Through this method, they
were able to find differences in the way experts and novices con-
structed argument maps. A third and remarkably rare approach
was to qualitatively analyse the structures or semantics of argu-
ment maps created by students (e.g., Hoffmann and Lingle 2015;
Muller Mirza et al. 2007). Researchers interested in analysing
argument maps were more likely to adopt a quantitative ap-
proach in which they counted features such as the number of
counterarguments or instances of supportive evidence (e.g., Liu
et al. 2024).

Among the 88 studies which used quantitative analysis, 43 were
limited to single-group or observational research designs, 24
used a quasi-experimental design that compared pre-existing
groups who received different treatments, and 26 used exper-
imental designs that compared randomly assigned treatment
groups. Paralleling the qualitative research, the most common
application of quantitative single-group research designs was to
have students engage in one or more argument mapping activi-
ties and then respond to a self-report questionnaire which mea-
sured their attitudes toward the experience. Another common
approach was to use a pretest and posttest to measure changes
over time that were presumed to be due to the argument map-
ping experience. Rather than administer repeated tests, some re-
searchers gave two or more argument mapping assignments and
used rubrics to score the quality of the maps. Wu et al. (2014)
used this approach to show that the quality of students’ maps
was greater on the second mapping assignment. Repeated mea-
sures were sometimes extended to more than two time points.
Crudele and Raffaghelli (2022) had participants construct a se-
ries of three argument maps, and after each mapping activity
they were given a test evaluating critical thinking ability and a
separate test evaluating the ability to comprehend argumenta-
tive text. A quite different approach in some of the single-group
quantitative studies was to correlate features of argument maps
with characteristics of the students who constructed them.

For reasons discussed in the introduction, the 50 studies which
quantitatively compared treatment groups were of particular in-
terest. The research questions investigated in these studies, rep-
resented as pairs of independent and dependent variables, are
described in a later section of the results. In the immediately
following sections, we report on major research themes investi-
gated in the studies.

3.3 | Attitudes Toward Argument Mapping

Forty-six studies explored student attitudes toward argument vi-
sualisation through surveys or interviews. Overall, students ex-
pressed favourable views on integrating argument mapping into
their learning and remarked on the convenience of computer-
aided argument visualisation tools. Many students described
argument mapping as an engaging approach to learning argu-
mentation and advanced thinking skills, emphasising its role
in helping them visualise, organise, and evaluate their think-
ing (Pinho et al. 2009; Robillos and Thongpai 2022), maintain
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learning interest (Kaya 2024), consider problems from different
perspectives (Ngajie et al. 2020), promote understanding and ap-
propriate use of different argumentation components (Robillos
and Art-in 2023), and use time more efficiently in argument con-
struction (Pinho et al. 2009; Robillos and Art-in 2023; Yildizli
and Simsek 2020). Argument mapping was perceived to be
effective in directing learners’ attention to the structure of ar-
guments, helping them avoid the tendency to express ideas hap-
hazardly or without clear focus (Kaeppel 2021). Furthermore,
students shared that argument mapping facilitated collabora-
tion, enhancing both the quality and frequency of idea shar-
ing among group members. They saw it as fostering inclusivity
by encouraging participation from students who were often
hesitant to share their ideas in group discussions (Kaya 2024;
Ouyang et al. 2024).

Several lessons emerged from the negative experiences shared by
participants. For learners new to argument mapping, it is essen-
tial that the interface be intuitive and user-friendly to minimise
extraneous cognitive load. Additionally, clear and detailed guid-
ance is crucial to help students navigate both the tool and the
associated learning process (Nesbit et al. 2024; Wu et al. 2013,
2014). A commonly reported concern across studies was the in-
sufficient time allocated for completing argument mapping exer-
cises. For those unfamiliar with argument mapping, completing
the tasks successfully required more time than initially antici-
pated (Piwek 2013; Ucar and Demiraslan Cevik 2021). Some stu-
dents noted that argument mapping initially felt messy and that
acquiring sufficient familiarity took time, but they encouraged
persistence and underscored the importance of instructor and
peer support during this phase. The provision of sample maps
was also cited as a helpful resource for guiding students through
the initial learning curve (Kaya 2024; Nesbit et al. 2024; Ngajie
et al. 2020). These insights inform how to effectively structure
student training in argument mapping and better prepare learn-
ers for successful engagement with the argument visualisation
tool and the activities it supports.

3.4 | Critical Thinking and Argumentation Ability

By far the most common thinking skills investigated by the
reviewed studies were critical thinking and argumentation
ability, and only a few investigated skills such as problem solv-
ing, scientific inquiry and self-regulation. Across studies, the
concepts of argumentation and critical thinking seemed to be
used interchangeably, and we found no attempt to make con-
ceptual distinctions between them beyond general comments
that argumentation is a component or foundation for critical
thinking. The ability to think critically and argue was assessed
by a variety of methods—researcher-constructed tests (e.g.,
Harrell 2008), standardised instruments such as the California
Critical Thinking Skills Test (CCTST, Eftekhari et al. 2016)
or the Halpern Critical Thinking Assessment (HCTA, Dwyer
etal. 2012), general argument items selected from the Law School
Admissions Test (LSAT, Pinkwart et al. 2008), analysis of oral
arguments using Toulmin's Argumentative Pattern model (TAP;
Darmawansah, Hwang, and Lin 2024), and qualitative analysis
of argument maps (Muller Mirza et al. 2007). Following a re-
search design similar to other single-group quantitative studies,
Crudele and Raffaghelli (2022) developed a 4-day course about

argumentation that featured lectures, exercises, and argument
mapping. The students were given a pretest, midpoint test,
and posttest on critical thinking based on the Holistic Critical
Thinking Scoring Rubric (HCTSR, Facione and Facione 2014).
The researchers found a significant gain in critical thinking
ability over the 4days (d=0.87).

3.5 | Evaluation of Argument Maps

Researchers evaluated student-constructed argument maps to
gather research data in 49 of the studies. Various methods were
employed to examine the structure and quality of the maps. For
example, some studies assessed task completeness by comparing
maps with assigned criteria, such as requiring a given number
of supporting or opposing reasons (e.g., Fysaraki et al. 2016;
Nesbit et al. 2024). Others, often drawing on Toulmin's model
of argumentation (Toulmin 2003), examined structural com-
plexity by counting the number of nodes and connections and
categorising them based on their functions, such as supporting
arguments, evidence, counterarguments and rebuttals (e.g., Gao
et al. 2023; Liu et al. 2024). Some researchers developed grading
rubrics focusing on criteria such as clarity, relevance and logical
coherence (e.g., Archila, Barbosa, et al. 2022; Archila, Gravier,
et al. 2022; Chen et al. 2022). Rapanta and Walton (2016b) pro-
posed a fallacy-focused method for evaluating argument maps,
examining why and where the flaws of reasoning emerge.
Beyond argumentation-related features, some studies analysed
the accuracy and coverage of domain knowledge represented in
the maps, assessing how well they captured key concepts and re-
lationships within a given subject area (e.g., Iandoli et al. 2014).
Many studies applied a combination of two or more types of
analysis to gain a comprehensive understanding of the argu-
ment maps' structure, quality and knowledge representation.

While manual coding was commonly employed, with inter-
rater reliability checks ensuring validity, some studies utilised
software tools like jMap to log and facilitate the analysis of
the processes involved in constructing argument maps, which
may not be easily captured by human coders (e.g., Jeong and
Seok-Shin 2023).

3.6 | Collaborative Mapping

Students collaborated to construct argument maps in 41 of the
reviewed studies. Collaborative argument mapping could poten-
tially represent students' perspectives at the individual, collabo-
rating group and whole-class levels (Rapanta and Walton 2016b;
Ouyang et al. 2024) and may facilitate the exchange of per-
spectives, peer negotiation, reflection on others' viewpoints,
and the joint construction of collective knowledge (Kimmerle
et al. 2021; Onrubia and Engel 2009; Zheng et al. 2023). Loll
and Pinkwart (2013) employed a within-subjects design to in-
vestigate the effects of collaboration on argument mapping, with
each participant engaging in both individual and group phases.
Participants were required to argue on one topic alone and on
another topic in a group of three. To control for potential con-
founding variables, the researchers employed counterbalancing,
so half of the participants started with the group phase, and the
other half started with the individual phase. The study found
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that collaboration led to argument maps with a higher number
of duplicate elements, suggesting that the expected peer review
process within groups did not occur. However, groups also pro-
vided a greater variety of perspectives and made more original
contributions (i.e., contributions not derived from given mate-
rial), resulting in more elaborate argument maps.

Almost all of the studies involving collaborative argument
mapping used computer-aided tools to facilitate argument map
construction (n=38). Even though collaborative argument
mapping can be implemented without computers, students can
benefit from using argument mapping tools (e.g., Kialo Edu and
LASAD) that mediate collaboration via synchronous chat or si-
multaneous co-editing of maps.

Collaborative argument mapping has been implemented across
various learning environments, including in-class sessions
(n=34), out-of-class activities (n=11), and laboratory research
settings (n=23), demonstrating its adaptability to different
instructional contexts. In most cases, participants worked in
pairs or in small groups of up to five members. Larger groups
may negatively impact overall outcomes due to the increased
need for coordination (Loll and Pinkwart 2013). To enhance
student engagement and interaction, researchers have pro-
posed several strategies, such as collaboration scripts (Scheuer
et al. 2014), role-play (Darmawansah, Hwang, and Lin 2024;
Darmawansah, Rachman, et al. 2024), clearly specified peer-
review processes (Loll and Pinkwart 2013), and collective re-
flection (Darmawansah et al. 2022), which have been found
effective in encouraging diverse perspectives, promoting dia-
lectical thinking, and facilitating the integration of arguments
from different sides.

3.7 | Causal Relationships

In this section we identify the most frequently investigated
research questions—as defined by reoccurring pairs of inde-
pendent and dependent variables—in studies which compared
treatment groups. We then explore the methods and results in
representative studies. Of the 50 between-group intervention
studies, 33 used argument mapping as an independent variable,
meaning that in each study at least one treatment group partici-
pated in an argument mapping learning activity and at least one
group did not.

3.71 | What Effect Does Argument Mapping Have on
Critical Thinking/Argumentation Ability? (14 Studies)

The most frequently examined research question among the ex-
perimental studies was the effect of argument mapping on crit-
ical thinking or argumentation skills. We found 11 studies that
seemed eligible for a meta-analysis on that topic. For example,
Pinkwart et al. (2008) used a randomised matched pairs design
to assign 70 students to use either the LARGO argument map-
ping feature or a text-based argument representation. They gave
pretests and posttests assessing reasoning in legal contexts and
‘everyday argumentation’ and found no significant advantages
for the argument mapping treatment. A quite different result
was found by Cullen et al. (2018) who gave intensive training

in argument mapping and argument analysis to students who
attended an undergraduate philosophy seminar and used LSAT
logical reasoning questions as pretest and posttest to compare
with students attending another philosophy course which did
not involve argument mapping. The students attending the argu-
ment mapping seminar improved their logical reasoning by the
end of the 12-week seminar (d =0.77) and obtained significantly
higher gain scores than the control group (d=0.71). It is likely,
though, that the argument analysis components in the seminar
that were unrelated to mapping contributed to much of this dif-
ference, and therefore the benefit solely attributable to the ar-
gument mapping component is not quantifiable. Harrell (2011)
found that students taught argument mapping in one section of
an introductory philosophy course showed significantly greater
gains on a critical thinking test than students in other sections
who were not taught argument mapping. Notably, Harrell (p.
380) found argument mapping was much more advantageous
for students with low pretest scores (g=0.91) than students with
high pretest scores (g=0.07).

3.8 | What Effect Does Argument Mapping Have
on Acquisition of Domain Concepts? (18 Studies)

We defined domain concepts as knowledge specific to the sub-
ject of a course from which students were recruited for partic-
ipation or the factual and conceptual content of readings or
learning activities assigned in the research. The studies in our
dataset usually evaluated domain concepts via a posttest admin-
istered after a learning activity. Dwyer et al. (2010) randomly
assigned a large sample of 400 students taking an introductory
psychology course to study preconstructed argument maps or
content-equivalent texts about psychology. Immediately after
the study activity, the students were given a comprehension
test that involved reasoning with the studied information. One
month later, they were given a cued-recall test that assessed
memory for the information. Although there was no statistically
detectable difference in the comprehension test, the argument
map groups significantly outperformed the text groups in the
retention test.

Moving to a consideration of argument map construction, Dwyer
et al. (2013) recruited 136 first-year Arts students to compare the
effects of three active studying techniques—argument mapping,
outlining and summarization—on recall of concepts from an
argumentative text. The argument mapping group significantly
outperformed the summarization group (d=1.30), and though
they also outperformed the outlining group (d=0.40), the dif-
ference was not statistically detected. A study by Coban (2013)
investigated the effect of having science education students
individually construct argument maps and then use the maps
to discuss their laboratory observations with peers. Students’
understanding of scientific processes and the epistemological
foundations of science was measured by separate posttests. The
control group performed the same scientific inquiry activities
as the experimental group but without argument mapping and
without the opportunity to discuss their laboratory observations
with classmates. The experimental group outperformed the con-
trol group on both the scientific processes posttest (g=0.69) and
the epistemology of science posttest (g=0.70). For our purposes,
interpreting this result is challenging because the research
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design does not allow a distinction between the effects of argu-
ment mapping and peer-to-peer discussion.

Due to the way we defined thinking skills and domain concepts,
a study conducted within a course which had critical thinking
or argument structure as a primary goal was tagged with both
codes. For example, Kunsch et al. (2014) investigated the effects
of argument mapping in a master-level course on critical think-
ing in business and used the standardised Business Critical
Thinking Test as a posttest. Because the dependent variable met
our definition for both a thinking skill and a domain concept, it
was counted as featuring both the present research question and
the previous one. A substantial number of thinking skill stud-
ies were ‘double-counted’ in this way, and we found very few
studies that investigated the effects of argument mapping on the
acquisition of declarative knowledge like that assessed in Dwyer
et al. (2010) and Dwyer et al. (2013).

3.8.1 | What Effect Does Argument Mapping Have on
Writing Skills? (6 Studies)

Undergraduate students are known to have difficulty deploying
key argumentative components such as evidence and counter-
arguments in their writing (Jumariati et al. 2021). Researchers
have theorised that visualising arguments and using argument
mapping as part of the writing process can help students develop
more advanced argument schemas and apply them in their writ-
ing (Liu et al. 2024; Nesbit et al. 2024).

The previously mentioned study by Cullen et al. (2018) investi-
gated the effects of argument mapping on argument essay writing
scores as well as LSAT scores. Students who took the argument
mapping seminar significantly outperformed the control group
on all essay elements scored by rubric: structure (d=0.76), ac-
curacy (d=0.74) and understanding (d=0.97). But again, these
differences may be due to the argument analysis components of
the seminar and not argument mapping per se. Working with 201
students learning English as a foreign language, Liu et al. (2024)
investigated the direct and transfer effects of argument mapping
as a pre-writing activity. In the first week, all participants received
an instructor-led tutorial on argument structure and analysis.
The tutorial received by the experimental group introduced the
argument mapping software (DMap), and the explanation of ar-
gument components was illustrated with reference to the software
interface. The tutorial received by the control group explained the
same argument terms and components but without argument vi-
sualisation. Then, while the argument map group constructed an
argument map using information from a source text, the control
group completed a vocabulary exercise using information from
the same source text. In the second week, both groups were asked
to write an argument essay based on the source text. In the third
week, without access to the argument mapping tool, all partici-
pants wrote a transfer argument essay about a different topic. The
experimental group wrote significantly more counterarguments
in both the initial essay and transfer essay. In a study of 81 stu-
dents taking a first-year course on critical thinking and writing,
Harrell and Wetzel (2013) compared the argument essays of stu-
dents taught to analyse arguments by argument mapping with
those who had been taught argument analysis without visualisa-
tion methods. On two writing tasks, those who received training

in argument mapping significantly outperformed the control par-
ticipants on several key elements such as the use of counterargu-
ments, evidence and internal connections (i.e., coherence).

3.8.2 | What Effect Does Argument Mapping Have on
Motivation to Learn (2 Studies)

There are a variety of self-report measures devised by psycholo-
gists to assess aspects of students’ motivation to learn. Different
from attitudes toward or expressed preference for a recently
experienced learning activity, these are psychometrically val-
idated instruments which tap psychological constructs such as
self-efficacy (MSLQ; Pintrich et al. 1993), need for cognition
(Liu and Nesbit 2024) and intrinsic motivation (AMS; Vallerand
et al. 1992). We found only two between-subject studies which
assessed the effects of argument mapping on such constructs.
Dwyer et al. (2012) gathered data from 74 first-year psychology
students. The experimental group was enrolled in an 8-week
course on critical thinking that made extensive use of argument
mapping. The control group received no critical thinking inter-
vention beyond their regular coursework. Although the exper-
imental group significantly outperformed the control group on
a critical thinking posttest, there was no effect of treatment on
need for cognition or motivation to learn as measured by eight
subscales of the Motivated Strategies for Learning Questionnaire.

3.8.3 | What Effect Do Different Instructional Designs
for Argument Mapping Have on Thinking Skills?
(10 Studies)

Every argument mapping activity is embedded within a multi-
featured instructional design. The mapping can be done indi-
vidually or collaboratively, with pen and paper or with software
tools, in-class or for homework, and so on. Several argument
mapping studies investigated the effects of collaborative argu-
ment mapping on thinking skills. Memis et al. (2023) had 50
science education students engage in argument-based inquiry
learning every week for 8 weeks. Each weekly activity featured
individual argument mapping with Rationale. All participants
took the Test of Logical Thinking (TOLT) as a pretest and
posttest. An ANCOVA using the pretest as a covariate found that
students randomly assigned to participate in additional weekly
collaborative argument mapping activities each week scored
significantly higher on the posttest (d=0.97). Using a similar re-
search design, Ucar and Demiraslan Cevik (2021) administered
an argument skills instrument to pre-service teachers as pretest
and posttest. All students engaged with individual argument
mapping using Argunet in a series of 4 weekly classes. Students
who received peer feedback on their maps in each class at-
tained significantly higher argument skill gain scores (d =0.86).
Chounta et al. (2017) assigned students taking an introductory
philosophy course to collaborate synchronously in groups of
2-4. Each collaborating group discussed an assigned theme and
co-constructed maps using LASAD. Compared with students
who worked individually, students who collaborated achieved
greater gains in conceptual knowledge about argument mapping
as measured by pre- and post-tests. The collaborating students
took slightly more time in the activity but constructed maps that
were more complex and of higher quality.
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Researchers have proposed that argument mapping with spe-
cially designed software tools may be more efficient in de-
veloping students’ argument schemas than pencil and paper
because they support more frequent and extensive revision of
arguments and allow the creation of larger and more complex
maps. Eftekhari et al. (2016), for example, deployed the CCTST
as a pretest and posttest and found that students who used the
Rationale software tool for an extended series of argument map-
ping assignments gained significantly more in critical thinking
ability than a group that used paper and pencil (d=0.45).

3.8.4 | What Effect Do Different Instructional Designs
for Argument Mapping Have on Domain Concepts?
(11 Studies)

The instructional designs in which argument mapping is em-
bedded can potentially determine the extent to which students
acquire key concepts that were the topic of the constructed
maps. We found very few studies which measured, as a depen-
dent variable, gains in factual or declarative domain knowl-
edge distinct from understanding of argumentative structures
(Dwyer et al. 2013; Eftekhari and Sotoudehnama 2018; Scheuer
et al. 2014). Fewer still investigated the effects of instructional
design on that type of dependent variable. Dwyer et al. found
that students who individually studied an argument map in
a lecture hall at the same time as others recalled more infor-
mation from the map but scored no higher on comprehension
than students who studied the map in an isolated booth. They
speculated that the lecture hall setting promoted performance
goal motivation, which activated rote learning strategies more
strongly than meaningful learning strategies.

3.8.5 | What Effect Do Different Instructional Designs
Have on Mapping Processes and Products? (8 Studies)

The instructional designs in which argument mapping is em-
bedded can affect students’ mapping behaviours and the result-
ing map structures. Scheuer et al. (2014) developed a protocol
for collaborative argument mapping in LASAD in which dyads
first studied texts individually and then collaborated via chat to
produce an argument map and a joint conclusion. While dyads
in a control group followed the basic protocol, dyads in an ex-
perimental group were asked to engage in constructive criticism
of their partner’s position using sentence openers like ‘An argu-
ment against that point is..” The researchers found no signifi-
cant difference between the two groups on a posttest of factual
knowledge of the discussed topics. The experimental group did,
however, produce discussions with a significantly higher pro-
portion of logically elaborated statements (d=0.82), and they
had significantly stronger beliefs in the efficacy of the activity
for learning argumentation. Also seeking to enhance collabo-
rative argument mapping, Iandoli et al. (2014) developed, as
an addition to the Cohere mapping tool, a social augmentation
dashboard outside the map window which provided learners
with information about other participants and the interaction
process. An experimental group and a control group both en-
gaged in collaborative mapping, but only the experimental
group was provided with the dashboard. The study found no sig-
nificant difference in the quality of arguments between the two

groups, but the experimental group showed significantly wider
coverage of the discussion topics as well as fewer off-topic posts
and fewer repeated statements. The experimental group also
had more positive attitudes about the usability of the tool and
the quality of the collaboration.

3.8.6 | Does the Type of Argument Map Matter?
(6 Studies)

Aswe have noted, argument maps come in a variety of graphical
types or formats. So, does the type of map have any effect on
instructional outcomes? When it comes to studying argument
maps, the previously mentioned study by Dwyer et al. (2010)
found that using colour to redundantly distinguish between sup-
porting and opposing reasons (objections) had no effect on mem-
ory or comprehension of the map content. Turning to argument
construction, Zumbach et al. (2008) investigated the effects of
argument map type on domain knowledge and argument qual-
ity. They had each learner study a multimedia genetics tutorial
by constructing one of three types of argument representation
based on the information presented in the tutorial: (a) a node-
link type argument map, (b) a node-link argument map aug-
mented with images from the tutorial, (c) two columns of text
with supporting reasons listed on the left and opposing reasons
listed on the right. As discussed in our introduction, we consider
the spatial division of pro and con reasons as a key strategy for ar-
gument visualisation, and therefore we treat the research design
of Zumbach et al. as a comparison of three types of argument
maps. Although the students who constructed the two-column
text representation produced the most reasons and obtained the
highest scores on the knowledge posttest, the differences were
not statistically significant. A similar result was obtained by Loll
and Pinkwart (2013) who randomly assigned each participant
to construct one of three types of node-link argument maps:
(a) a simple map allowing only three types of relationships be-
tween statements (pro, con, undefined), (b) a highly structured
map based on the multiple statement and relationship types in
Toulmin's model (Toulmin 2003) and (c) a domain-specific map
adapted from Belevedere (Suthers 2003). An argumentation
ability posttest based on LSAT items found no significant dif-
ference between the three treatment groups, and the same for a
knowledge posttest based on the argued domain.

While improving learning outcomes may be the overarching goal
for researchers who evaluate argument map formats and tools, it
isalso important to investigate facilitating factors such as usability
and perceived usefulness. Le et al. (2013) examined the benefits of
adding a mini-map feature to LASAD. Mini-maps are commonly
used as a navigational feature in games and online geographical
maps. The researchers found that introducing mini-maps de-
creased the time to construct an argument by 10% and improved
user ratings of the interface's efficiency and aesthetic appeal.

4 | Discussion
4.1 | Student Attitudes

There is plentiful evidence in the reviewed studies that students
have positive attitudes toward argument mapping and recognise
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its value for learning how to construct good arguments. Many
said that argument mapping should be assigned more often by
instructors (Nesbit et al. 2024). The reasons may lie in compar-
isons they make with writing argument essays, which demand
nearly simultaneous attention to the challenges of argumenta-
tion, writing mechanics and writing style.

At this stage, the most important goal for attitudinal research on
argument mapping may be the development of a standardised
instrument that could be adapted or localised for situational
requirements. The availability of a standardised questionnaire
would greatly facilitate comparison of results from individual
studies. The instrument would go beyond the holistic question
of whether students like argument mapping by assessing atti-
tudes toward specific features of the task (collaboration, use of
software, grading rubric, etc.) and would be evaluated for psy-
chometric reliability and validity. Researchers should, of course,
adopt best practices for instrument development and the analy-
sis of attitudinal data (Lovelace and Brickman 2013).

4.2 | Effects on Argumentation Ability, Critical
Thinking and Argumentative Writing

We found that, with notable exceptions, the single-group studies
and experimental studies tended to find that argument mapping
is effective in developing general argumentation and critical
thinking skills (e.g., Harrell 2011). Argument mapping was
also found to improve the quality of written arguments (Cullen
et al. 2018; Harrell and Wetzel 2013; Liu et al. 2024). In our view,
the weight of evidence supports a recommendation that instruc-
tors use argument mapping to develop critical thinking and ar-
gumentation skills.

The effect of argument mapping on these skills was the only
causal relationship investigated by research of sufficient quan-
tity and quality to support a conventional meta-analysis. The 11
experimental and quasi-experimental studies that investigated
this research question had mixed results, and a meta-analysis
is needed to determine the strength and confidence level of the
effect. Considering the small number of eligible studies from
post-secondary education, the meta-analysis should expand the
scope to cover other levels of education and introduce level of
education as a moderator. We found the studies varied greatly in
how well the research design isolated argument mapping as an
independent variable. In several of them, the experimental treat-
ment provided additional instruction beyond argument mapping
that was not replicated in the control treatment. Therefore, any
meta-analysis should capture the quality of the research design
as another moderator.

4.3 | Collaborative Versus Individual Argument
Mapping

Given the firmly established efficacy of collaborative and co-
operative learning in postsecondary education (Swanson
et al. 2019; Johnson et al. 2014), there is a well-founded expec-
tation that collaboration will enhance the benefits of argument
mapping. There are also theoretical reasons to imagine that col-
laboration and argument mapping could work synergistically

(Kaeppel 2021; Ouyang et al. 2024). As mentioned, several
studies reported that students who collaborated outperformed
those who did not on various outcome measures. The problem,
though, is that there are insufficient studies that directly com-
pare collaborative and individual mapping on equivalent learn-
ing tasks, and the very few that make that comparison do not
examine the same or similar dependent variables. Most often
a collaborative mapping treatment is combined with other fea-
tures not available in the individual mapping treatment, such
as a group discussion or an additional opportunity for learning.
Consequently, the research base has not developed to the stage
where a meta-analysis of collaborative versus individual argu-
ment mapping is feasible.

4.4 | Gapsin the Research
4.4.1 | Arguing to Learn?

There is a surprising dearth of research on the effects argu-
ment mapping has on conceptual change and the acquisition
of domain knowledge beyond argumentation and critical
thinking. Although several studies investigated the effects of
argument mapping in the context of inquiry learning activities
(e.g., Coban 2013), the research designs only rarely examined
its effects on content knowledge, and never the effects on con-
ceptual change in the subject domain. Science education re-
search has strongly established that reading refutational texts,
texts that describe misconceptions and use evidence to rebut
them, is effective in helping learners overcome common and
persistent misconceptions (Guzzetti 2000). There is one study
(Liu and Nesbit 2018) which found that studying a ‘refutational
map’ (i.e., an argument map) produced conceptual change in
postsecondary learners' understanding of the motion of ob-
jects, but there is no equivalent research for constructing ar-
gument maps.

4.4.2 | Assessment Studies

Although plenty of the reviewed studies scored or otherwise as-
sessed student argument maps, there were only five empirical
studies (Kubosawa et al. 2013; Lynch et al. 2009a, 2009b, 2014;
Rapanta and Walton 2016b) primarily concerned with methods
for assessing student maps. More research is needed on reliable
and valid argument map assessment. Not only are assessment
studies needed to inform instructors in designing and scoring
rubrics, but they are also crucial for researchers who investigate
argument map quality and structure as dependent variables.

4.4.3 | Argument Mapping Tools

There is a need for comparative research on argument map-
ping tools and their features. While previous reviews (e.g.,
Davies 2019; Harrell 2005; Scheuer et al. 2010) have catalogued
and described the available tools, primary studies that vary fea-
tures and provide evidence of their impact are essential for pro-
moting progress in the development of argument mapping tools.
Design-based research (Hoadley and Campos 2022) may be the
most efficient methodology for realising this goal.
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4.4.4 | Mapping Tools That Track and Adapt to
Learning Trajectories

There is some evidence (Scheuer et al. 2010) that complex map-
ping features can hinder learning, but it may be that more ad-
vanced learners could benefit from those same features due to
an expertise reversal effect (Kalyuga 2021). More research is
needed on mapping tools that track student progress in argu-
ment mapping and add next-level features as an adaptation to
demonstrated growth in expertise.

4.4.5 | Reporting Issues

We observed several recurring problems with reporting the
methods and results of the research. Some studies reported
means but not standard deviations, creating challenges for
calculating effect sizes. Some were unclear on whether par-
ticipants were randomly assigned to treatment groups. Others
did not report basic information about the procedure, such as
which software tool was used by students and the physical and
social setting in which argument mapping activities were per-
formed. Another observed shortcoming was the failure to dis-
tinguish between self-report instruments which assess learners'’
self-perceptions and performance instruments which assess
abilities. In one case, for example, the authors identified a ques-
tionnaire asking students about their problem-solving abilities
as a test of problem-solving ability.

4.4.6 | Research Design Issues

A common research design issue in argument mapping stud-
ies is the failure to isolate independent variables, a design flaw
which can obscure the specific effects of argument mapping
and other factors on learning outcomes. For example, several
studies investigated the effects of collaboration while argument
mapping without distinguishing its impact from individual
argument mapping, making it difficult to determine whether
observed benefits stem from the mapping process or from col-
laboration. Confounded independent variables are a barrier to
establishing clear causal relationships and assessing the unique
contributions of argument mapping.

4.5 | Limitations of This Review

The results reported in any systematic review are directly deter-
mined by, and therefore limited to, the variables or codes chosen
by the researchers; and that choice is a subjective decision. Where
one researcher may choose to delve into a feature reported in
the research by defining multiple relevant variables, each with
arange of values, another researcher might choose only a single
binary variable to code the feature. For example, while we used
a single binary value to report whether the research assessed
student argument maps, other reviewers might have developed
multiple codes indicating the type of assessment (e.g., qualitative
or quantitative). In hindsight, we should not have used Thinking
Skills, broadly defined, as a coded variable. It reliably captured
key studies dealing with critical thinking or argumentation skill
as a dependent variable but was much less reliable when applied

to other abilities that researchers identified as science process
skills, metacognitive skills, self-regulatory skills, dialogic skills,
and so on. This led to challenges in establishing sufficient inter-
rater reliability for the code. A better approach would have de-
fined a code that only covered the use of critical thinking and
argumentation ability as a dependent variable.

4.6 | Implications for the Design of Learning
Activities

Taken together, the results of this review support the adoption
of argument mapping as an effective method for teaching and
learning in higher education. In translating from research to
practice, and from the science of learning to the craft of teach-
ing, we must consider argument mapping in the context of a
postsecondary classroom with all its constraints and opportuni-
ties. With these in mind, we present six principles that instruc-
tors can adopt to successfully incorporate argument mapping in
their teaching. While evidential support varies across the prin-
ciples, each has grounding in educational research and theory.

1. Describe for students the benefits of argument mapping.
When introducing students to argument mapping, empha-
sise its known advantages. Tell them they are likely to enjoy
argument mapping or at least prefer it over other methods
you could have adopted. As we have seen, students gen-
erally have positive attitudes toward argument mapping
and prefer it to argument writing assignments (Nesbit
et al. 2024). There is some evidence that their positive at-
titudes are based on an understanding of the functional
value of the maps for guiding them as they create and as-
semble argument components (Kaeppel 2021). Advise stu-
dents that repeated argument mapping will advance their
critical thinking skills and academic writing, especially if
those abilities are underdeveloped (Harrell 2011).

2. Use argument mapping software. Rather than have students
draw maps on paper or use generic graphical software, have
them use software specifically designed for argument map-
ping. Although there is only limited research supporting
the use of specialised software (e.g., Eftekhari et al. 2016),
the greater ease it allows for editing maps probably means
that students are more likely to engage in repeated revision
of their maps and hence have more opportunities for re-
hearsing the structure of arguments. This principle should
not preclude the use of hand-drawn maps when first intro-
ducing the concept of argument mapping or when special-
ised software is unavailable.

3. Don't skimp on pretraining. Provide sufficient prior instruc-
tion in the theory and practice of argument mapping, in-
cluding guided practice in the use of software. If one of the
instructional goals is to develop students' critical thinking,
then the time dedicated to this preparatory phase should
not be considered an add-on cost because learning about
the structure and function of argument maps is learning
about argumentation itself. Indeed, several of the studies
we reviewed obtained large effects solely as a result of
argument map training (e.g., Harrell and Wetzel 2013).
Despite its well-documented benefits, pretraining is
often neglected as a component of multimedia learning
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(Mayer 2020). As part of an introduction to argument map-
ping, we recommend showing samples of completed maps
and explaining the function of each of their components
(e.g., Kaya 2024).

4. Ensure sufficient engagement to develop mastery. Provide
multiple, progressive argument mapping activities with
feedback for each activity. Like any worthwhile skill, ar-
gument mapping requires practice to achieve mastery
(van Gelder 2005, 2015), as does argumentation in general.
Researchers have found that courses which provided “lots
of argument mapping practice” (LAMP), about one exer-
cise per week for a semester, obtained significantly greater
gains in critical thinking ability than courses which pro-
vided only a few practice activities (Alvarez 2007; Rider
and Thomason 2014).

5. Adopt both collaborative and individual argument map-
ping. Although individual argument mapping with feed-
back is beneficial, instructors should also provide students
with multiple collaborative argument mapping activities.
There is evidence that adding collaborative argument map-
ping activities to individual mapping activities can produce
large learning gains (Memis et al. 2023). We recommend
consulting the extensive literature on collaborative argu-
mentation (e.g., Asterhan and Schwarz 2016) for ideas on
developing collaborative argument mapping activities.

6. Integrate argument mapping within writing assignments.
If developing argumentative writing is one of the instruc-
tional goals, initiate a writing assignment with an argu-
ment mapping activity on the same topic (Liu et al. 2024).
Students will be able to develop the logic of their argument
before working on its style and emotional appeal via the
writing. This approach manages the intrinsic cognitive
load of the task so that students are not overwhelmed by
having to deal simultaneously with the argument structure
and the writing.

Although there is much more that can be said about the peda-
gogy of argument mapping (e.g., Davies et al. 2021), the six prin-
ciples presented here summarise the subset of that pedagogy
supported by currently available research. A clearer and more
complex picture will no doubt emerge as more well-designed
studies and meta-analyses building on them are published.

5 | Conclusion

The purpose of this review was to comprehensively survey re-
search on argument mapping in higher education to understand
its scope, methods and findings. We found that researchers de-
ployed many different argument mapping tools, most frequently
Rationale (Van Gelder 2007). The studies investigated a wide
range of research questions relating to student attitudes and mo-
tivation, critical thinking and argumentation skills, writing skills,
the argument mapping process, features of argument maps, col-
laborative argument mapping and acquisition of domain concepts.
Many studies examined the effects of argument mapping on crit-
ical thinking, and a substantial number of those had a control
group. Although the results from these were mixed, they tended to
find that argument mapping is an effective method for developing

critical thinking. Meta-analysis is needed to establish the size and
reliability of the effect. In contrast, few studies examined the effect
of argument mapping on acquisition of domain-specific factual or
conceptual knowledge. These offered, however, some evidence for
the efficacy of argument mapping as a study technique (Dwyer
et al. 2013). Notably, no studies examined the effects of map con-
struction on conceptual change. Argument mapping appears to
enhance essay quality, particularly in structure, use of evidence
and incorporation of counterarguments. Further, the benefits of
argument mapping may be enhanced by collaborative mapping,
peer feedback, and use of mapping software.

Considering the central role of critical thinking and argumen-
tation in undergraduate education, these findings underscore
the potential of argument mapping as a valuable instructional
innovation. For instructors, its integration into higher educa-
tion curricula offers an evidence-based means of strengthening
student learning, while for researchers, important opportunities
remain to investigate underexplored applications such as pro-
moting conceptual change.
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Appendix
Codes Used to Categorise the Studies

Code Definition

Country In what country was the research conducted? If not an empirical study, in which country is the first author's
institutional affiliation?

Mapping tool If reported, what is the name of the argument mapping tool(s) used by participants? Do not identify generic tools
such as PowerPoint but do identify any node-link mapping tools such as Cmap or Mind Map

Empirical [0, 1] Code 0 for literature reviews or other non-empirical work
Code 1 empirical studies

Tech [0, 1] Did participants use a digital application to construct maps?
Code 0 if non-empirical, participants did not construct maps, or constructed maps on paper, etc.
Code 1 if participants constructed maps using technology such as argument mapping tools, node-link tools, or
any graphical software

Methodology [0, 1, 2, 3] What research method was used?
Code 0 if not empirical
Code 1 if quantitative
Code 2 if qualitative
Code 3 if mixed quant/qual

Design [0, 1, 2, 3] What type of quantitative research design was used? If a combination of designs was used, code the highest
number
Code 0 if qualitative or N/A
Code 1 if single group intervention or observational design
Code 2 if quasi-experimental between-subjects intervention
Code 3 if randomised trial intervention

Attitude [0, 1] Were participant attitudes toward argument mapping investigated? (Include quantitative and qualitative
analysis)
Code 0 if no
Code 1 ifyes
Setting [0, 1, 2, 3] Where did the argument mapping learning activity take place?

Code 0 if N/A or not reported
Code 1 if in class or instructional lab
Code 2 if for homework
Code 3 if in research lab

Eval [0, 1] Were participants’ argument maps evaluated to produce research data? (Include quantitative and qualitative
data)
Code 0 if no or N/A
Code 1 if yes

Assess [0, 1] Was it a major goal of the research to investigate argument mapping as a way of assessing learning? For
example, was it correlated with posttest data to assess its validity as an assessment tool
Code 0 if no or N/A
Code 1 ifyes

Collab [0, 1] Did any of the participants engage in collaborative argument mapping? This would not include collaboration
before or after the actual AM phases
Code 0 if no or N/A
Code 1 ifyes

The following codes identified independent and dependent variables investigated in experiments or quasi-experiments that compared outcomes
of groups that received different instructional treatments. Reviews, qualitative studies, and observational quantitative studies that did not
compare treatment groups were all coded as 0. The prefix IV is used for independent variables. The prefix DV is used for dependent variables

IV ArgMap [0, 1] Was argument mapping (including studying preconstructed maps) treated as an independent variable?
Code 0ifno
Code 1 ifyes

IV learning context [0, 1] Was the designed learning context for argument mapping treated as an independent variable (e.g., individual vs.
collaborative argument mapping)?
Code 0 if no
Code 1 if yes
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Code

Definition

IV ArgMap type [0, 1]

DV thinking skills [0, 1]

DV writing skills [0, 1]

DV motivation [0, 1]

DV domain concepts [0, 1]

DV task performance [0, 1]

DV ArgMap quality [0, 1]

Did the study compare the effects of different argument map types or visualisation tools (e.g., Rationale versus
LASAD or argument map versus concept map)?
Code 0 if no
Code 1 ifyes

Did the study treat thinking skills (e.g., critical thinking, argumentation, self-regulated learning) as a dependent
variable?
Code 0 if no
Code 1 ifyes

Did the study treat writing skills (including argumentative writing) as a dependent variable?
Code 0 if no
Code 1 ifyes

Did the study treat motivation to learn (e.g., need for cognition, self-efficacy, interest in a curricular domain) as
a dependent variable?
Code 0 if no. Code 1 if yes.

Did the study treat acquisition of domain concepts (e.g., chemistry concepts in a chemistry course) as a
dependent variable? Domain concepts are usually assessed via a posttest
Code 0 if no
Code 1 ifyes

Did the study treat task performance during the learning task (e.g., quality of online discussion) as a dependent
variable?
Code 0 ifno
Code 1 ifyes

Did the study treat the quality or structure of student argument maps (constructed either within the learning
task or in a posttest) as a dependent variable?
Code 0 ifno
Code 1 ifyes
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