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Study 1, Supplemental Methods and Results
Participants and Procedure
Study 1 received ethical approval from the Ethics Committee of the Tampere Region in June 2023. We recruited 240 participants through Prolific. The sample was restricted to residents of the UK whose first language was English. The sample size was determined through a power analysis conducted using the G*Power program. Our goal was to obtain .80 power to detect medium-sized effects (r ≥ .20) at the .05 alpha error probability level. For bivariate correlations, this requires a minimum of 183 participants. Our sample exceeds this minimum limit and allows for removing outliers. 
The mean age of the participants was 42 years (SD = 13.3 years, range: 19–80). Sixty-three percent were female. Most were employed either full-time (40%) or part-time (17%), while 8% were students. The majority (64%) had an undergraduate degree or higher. All major fields of work or study (Natural Sciences; Technology; Medicine; Agriculture, forestry, and veterinary medicine; Social Sciences; Humanities and arts) were represented. Only 30% reported being familiar with the terms ‘syllogism’ and ‘fallacy’, while 42% reported not being familiar with them, and the rest were unsure. 
The participants were paid the standard rate of £9 per hour suggested by Prolific. They were directed to a server hosting the study, where they indicated informed consent before proceeding to the study. The median time to complete the study was 37 minutes (excluding one outlier who completed the study in 10 minutes). All studies, measures, and data/participant exclusions are reported in this document. 
Measures
Argumentation in Context Literacy Test. The argument analysis tasks were presented in a multiple-choice format. Each correct response was scored as one point. The reliability of the tasks is examined in the Results section. Part 1 (Identifying Standpoints and Arguments) included three short argumentative texts. The texts addressed societal topics such as abandoning daylight-saving time. The clauses in the texts were numbered, and the multiple-choice response options referred to the clause numbers. In two texts, the task was to identify the standpoint and all the arguments that supported it. In one text, only the standpoint needed to be identified. Part 2 (Identifying missing premises, i.e. enthymeme analysis) included seven arguments. The participants were told that in each argument, one clause was missing. The task was to select which of four presented options best completes the argument. Part 3 (Argumentation Hierarchies) included three texts. The task was similar to Part 1, but in addition to standpoints and main arguments, these texts required the identification of sub-arguments that support the main arguments. Part 4 (Identifying Fallacies) included five arguments. The instructions stated, ‘In the following task, many would say that something is wrong with the argumentation. It can be a minor or a major weakness. Among the four options given …, choose the one that you think best describes a possible weakness or problem in the argumentation’. Part 5 (Argument Schemes) included seven arguments. The instructions provided a short description and examples of the symptomatic, analogous, and causal argument schemes. The participants’ task was to indicate which of these schemes each argument represented. 
Overall Argument Soundness Discrimination. The ability to distinguish sound from unsound arguments was assessed using 16 argument pairs from Svedholm-Häkkinen (2026). This did not require explicit analysis, but a global overall numeric assessment of an argument’s strength. The arguments included causal, authority, symptomatic, and analogous arguments. They concerned societal topics such as reinstating the death penalty. For each topic and scheme, one argument was in line with the critical questions for that scheme (sound argument), while another violated them (unsound argument). The arguments were presented in scrambled order with all arguments visible on the same page, and each argument was rated on a five-point scale (-2 = very weak to +2 = very strong). The task was scored by subtracting the rating given to the unsound argument within each pair from the rating given to the sound argument. The average of these differences made up the final score, with larger values denoting better performance. The range of possible scores was from -4 to 4. The reliability of the scale (the difference scores), estimated using McDonald’s Omega total, was weak, ω = .55.
Correlates. Actively Open-Minded Thinking (AOT) was assessed using an 11-item (ω = .82) scale (Baron et al., 2023). The items measure the willingness to be open to opposing evidence and viewpoints. The items were rated on a five-point scale (1 = I completely disagree, 5 = I completely agree). An example item is ‘People should search actively for reasons why they might be wrong.’ 
Need for Cognition (NFC) was assessed using the 12-item Rationality subscale (ω = .89) of the Multifaceted Rational-Experiential Inventory (REIm; Norris & Epstein, 2011), which concerns the tendency to enjoy and seek out activities that involve extensive thinking. The items were rated on a five-point scale (1 = completely disagree, 5 = completely agree). An example item is ‘I enjoy problems that require hard thinking.’
Faith in Intuition was assessed using the 10-item REIm Intuition subscale (ω = .73), which concerns relying on gut feelings in decision-making. The scale format was as in the NFC. An example item is ‘I like to rely on my intuitive impressions.’
Cognitive Reflection was assessed as follows. There were three non-mathematical ‘trick’ items (Thomson & Oppenheimer, 2016), which measure the tendency and ability to stop to think problems through rather than responding impulsively, such as ‘Emily’s father has three daughters. The first two are named April and May. What is the third daughter’s name?’. Another three items (Toplak et al., 2014) additionally require mental arithmetic. An example is ‘If John can drink one barrel of water in 6 days, and Mary can drink one barrel of water in 12 days, how many days would it take them to drink one barrel of water together?’. Participants wrote their answers in a box, and correct answers were scored as 1, incorrect answers as 0. Because the internal consistency of the scale was weak (ω = .61), its dimensionality was examined. Parallel analysis suggested that the six items form two factors. Confirmatory Factor Analysis (CFA) was used to compare a unitary model in which all items load on one latent factor, to a two-dimensional model in which the three trick questions formed one factor, and the three mathematical items formed another factor. The fit of the two-dimensional model, CFI = .98, TLI = .963, RMSEA = .039, χ2(8) = 10.897, p = .208, clearly exceeded that of the unidimensional model CFI = .791, TLI = .652, RMSEA = .119, χ2(9) = 39.663, p < .001; test of difference: χ2(1) = 28.767, p < .001. However, reliability was not improved (CRT trick: ω = .52; CRT math: ω = .62). Thus, subsequent analyses were run using both a scale pooling the six items, and separate variables of CRT trick questions and CRT mathematical questions.
Reading comprehension was measured using the Deep Cloze Test (Lyskov Jensen & Elbro, 2022). It contains 34 short stories, a few sentences long, with a key word missing. The task is to select the missing word from four options. Correct responses require forming a coherent situation model of the story. The number of correct responses given within 5 minutes formed the task score. The split-half reliability with Spearman–Brown correction, calculated over even- and odd-numbered items, was .95.
Background Information. On the last page of the study, participants were asked to indicate their highest completed educational degree, main field of study or work, whether English was their first language, their self-rated familiarity with terms related to argument analysis (yes/no/not sure), and their self-rated interest in argumentation and debate (on a five-point scale). For use in statistical analyses, we treated the education variable (an ordinal scale variable) as if it were on an interval scale (coded as follows: Secondary education (e.g. GED; GCSE) = 1, A-levels = 2, Technical or community college = 3, Undergraduate = 4, Graduate = 5, Doctorate = 6). The interest variable was not related to any other variable and was thus not analysed further.
In addition, two attention check items were built into the study. The first attention check had the appearance of an argument analysis task, but with instructions to select ‘Missing.’ The second attention check was presented at the end of the study, with instructions to choose the option ‘other’ and to type in ‘I read the instructions’. Prolific provided the following variables describing the participants: age, gender, first language, country of residence, student status, occupational status. 
Results
Data examination
We began by examining the distributions of ACLT scores and outliers. Two items were not correctly identified by any participants. The examination of multivariate outliers on the ACLT items identified 13 participants (5.4% of the sample) whose pattern of scores significantly deviated from a chi-square distribution with 44 df (Mahalanobis distance significant at p < .001). After removal of the outliers there were seven additional items (all in Part 3) that were not correctly identified by any of the remaining participants. We ran all subsequent analyses without the outliers and the affected items. This resulted in a final sample size of 227. 
Next, the reliability of the remaining items was investigated. Because the items were scored dichotomously, we used polychoric correlations. Results are reported in the manuscript.
Correlations
We examined correlations between the different parts of the test. As Table S1 shows, the correlations were mainly positive but many of them were small. While Parts 1–3 were consistently positively intercorrelated, Parts 4 and 5 were not. The correlations were likely attenuated due to the low reliabilities of the scales. 
We also calculated correlations between ACLT scores and the other studied variables (Table S2). These show that both the ACLT total score and all its subscales were unrelated to the reading comprehension test. 
Next, we examined the relationships between argument literacy and analytic thinking styles. The overall ACLT score was positively related to all analytic thinking dispositions, while correlations with the separate dimensions tended to be small. 
Neither ACLT total scores nor soundness discrimination scores differed between those who reported previous familiarity with argument analysis, or between participants from different fields of occupation or study (ANOVA ps > .05).

Table S1
Correlations between parts of the ACLT, and descriptive statistics. Exact p-values in parentheses.
	Variable
	Part 1
	Part 2
	Part 3
	Part 4
	Part 5

	Part 1 (Standpoints and arguments)
	
	
	
	
	

	Part 2 (Enthymeme analysis) 
	0.20
(.002) 
	
	
	
	

	Part 3 (Argumentation hierarchies) 
	0.25 
(<.001) 
	0.20
(.002) 
	
	
	

	Part 4 (Fallacies) 
	0.03 
(.660)
	-0.01 
(.879)
	0.08 
(.212) 
	
	

	Part 5 (Argument schemes) 
	0.17 
(.009) 
	0.25 
(<.001)
	0.15 
(.022)
	0.05 
(.414)
	

	Mean
	4.01 
	3.52 
	3.10 
	1.63 
	3.82 

	Number of items (max score)
	8
	7
	8
	5
	7

	SD
	1.43 
	1.58 
	1.64 
	1.02 
	1.36 

	Omega total
	.56 
	.60 
	.67 
	.46 
	.51 


Note. N = 227. 
Table S2 Correlations between variables in Study 1. Exact p-values in parentheses.
	
	Overall argument 
soundness discrimination
	ACLT 
Total
	Part 1 
	Part 2
	Part 3
	Part 4
	Part 5

	AOT
	0.43
(< .001)
	0.31
(< .001)
	0.16
(.014)
	0.26
(< .001)
	0.13
(.058)
	-0.03
(.679)
	0.32
(< .001)

	NFC
	0.22
(.001)
	0.23
(< .001)
	0.20
(.003)
	0.14
(.033)
	0.21
(.002)
	-0.02
(.708)
	0.09
(.175)

	CRT
	0.13
(.044)
	0.33
(< .001)
	0.23
(< .001)
	0.23
(.001)
	0.16
(.015)
	0.04
(.572)
	0.26
(< .001)

	CRT Trick
	0.10
(.136)
	0.16
(.016)
	0.14
(.034)
	0.08
(.257)
	0.10
(.143)
	0.01
(.911)
	0.11
(.085)

	CRT Math
	0.11
(.087)
	0.36
(< .001)
	0.22
(.001)
	0.27
(< .001)
	0.15
(.020)
	0.05
(.462)
	0.28
(< .001)

	Reading Comprehension
	0.19
(.004)
	0.10
(.136)
	0.07
(.265)
	0.09
(.166)
	0.04
(.522)
	0.01
(.928)
	0.05
(.435)

	FI
	-0.02
(.811)
	-0.31
(< .001)
	-0.17
(.011)
	-0.15
(.020)
	-0.21
(.001)
	-0.07
(.327)
	-0.26
(< .001)

	Age
	0.09
(.177)
	-0.11
(.095)
	-0.07
(.273)
	-0.15
(.029)
	<.01
(.953)
	-0.12
(.327)
	<.01
(.979)

	Male Gender 
	<0.01
(.994)
	0.08
(.205)
	0.05
(.489)
	0.10
(.115)
	0.10
(.146)
	<.01
(.942)
	-0.03
(.615)

	Education
	0.10
(.149)
	0.35
(< .001)
	0.20
(.003)
	0.24
(< .001)
	0.19
(.003)
	0.11
(.106)
	0.24
(< .001)


Note. N = 227. AOT = Actively Open-Minded Thinking; NFC = Need for Cognition; CRT = Cognitive Reflection Test, FI = Faith in Intuition. 
Study 2, Supplemental Methods and Results
Participants and Procedure
The data were collected on four instantiations of the same course during three consecutive years at a large university in Sweden. Data were collected twice for each course: during the first (Time 1) and the last (Time 2) lectures. Thus, the study had a before–after design. The syllabus of the course included textbooks, research articles, and lectures on rhetorical argumentation, including standpoints, the enthymeme, fallacies, argument schemes, and argumentation structures; the learning aims specifically included the analysis of argumentation. Thus, students were expected to improve on all the argument analysis skills covered by the ACLT during the course. At Time 1, 126 students participated. 
The mean age was 23 years, median 22, and age range 18 to 63. The gender distribution was even (50% female, 50% male, 0% other or prefer not to say). A third (33%) of the participants were in their first semester of university studies, 16% had completed one semester, 13% had completed 2 semesters, and 39% had completed more. The majority (81%) reported that they were unfamiliar with the terms ‘syllogism’, ‘enthymeme’, and ‘fallacy’, while 13% reported being familiar with them and knowing what they mean, and the rest saying they did not remember. The mean interest in argumentation and debate was 3.44 (SD = 0.85) on a scale from 1 to 5, indicating high self-reported interest by the sample. 
The median time to complete the test was 30 minutes.
Table S3 shows the number of participants on each occasion. Students responded to the test during lecture hours. The study was carried out in accordance with national guidelines (Görman & Swedish Ethical Review Authority, 2023). In Sweden, no formal ethical approval was needed as the study did not involve physical intervention, did not involve obvious risk of harm, we did not collect sensitive personal data, and informed consent was required for participation. Participants were informed (a) about their voluntary and anonymous contribution, (b) that they could end or withdraw their participation without stating a reason why, (c) that the results would be presented on aggregated levels only and (d) only used for research purposes. After providing this information, participants gave their informed consent by ticking a box confirming that they had understood and agreed with the information. Only data from those who gave written consent to their data being used in research were used.
Data from Time 1 and Time 2 were matched with the help of a code that the students were asked to create at Time 2. They were instructed to construct the code using the first name of one of their parents and the last three digits of their personal identity number. At Time 2, they were reminded of this instruction and asked to type in the same code. Because of a technical error (the wrong link used by mistake) Time 2 data collection failed on the first occasion. On the second occasion, only 13 students provided a code that could be matched. From the third occasion, we used improved instructions, which helped raise the proportion of matched codes to the extent that the majority could be matched. Eight students did not consent to their data being used and they are not included in the numbers in Table S3. 

Table S3. Number of participants at Time 1 and Time 2.
	 Occasion 
	Time 1
	Time 2
	Complete data 

	1 
	28
	-
	-

	2 
	43
	23
	13

	3 
	28
	25
	20

	4 
	27
	22
	21

	Total
	126
	70
	54


Note. Complete data = number of participants whose data could be matched across Time 1 and Time 2.

Measures	
Argument analysis skills were assessed using ACLT presented in Swedish. The test was identical to the version used in Study 1, with very minor changes in wording to sound more natural in Swedish. In addition, the participants filled in a background questionnaire and rated their level of interest in argumentation and debate on issues such as politics, society, organisations, climate, lifestyle, hobbies, or sports. 

Results
[bookmark: _Hlk216948319]We first examined the data from Time 1. As in Study 1, some of the arguments in Part 3 were not correctly identified by any of the participants. These items were left outside further analyses. As in Study 1, we examined the dimensionality of the argument analysis skills by running reliability analyses on the data from Time 1. As in the English-language version in Study 1, the internal coherence of a one-dimensional scale was good, ω = .80. The mean score on the total scale was 18.33 out of 35, SD = 3.51, ranging from 11 to 25. 
The total score did not differ by self-reported familiarity with argument analysis, F(1, 124) = 3.236, p = .075, η2 = .03, 95% CI of η2 = [0.00, 1.00], nor did it correlate with interest in argument and debate, r = -.03, p = .729.
As in Study 1, the reliabilities of the separate parts of the test were mostly low (Table S4) The only exception was the argumentation hierarchies task (Part 3), which in this sample had acceptable reliability (.78). As Table S4 shows, sum scores for the separate parts of the test did not correlate with each other, which is unsurprising given their low reliabilities. These results indicate that the separate parts of the test did not reliably measure different subskills. 


Table S4. Descriptive statistics and correlations of variables in Study 2, Time 1 (N = 126).
	
	1 
	2
	3
	4
	5

	1 Standpoints and arguments 
	
	
	
	
	

	2 Enthymeme analysis
	0.10 
	
	
	
	

	3 Argumentation hierarchies
	-0.06 
	0.06
	
	
	

	4 Fallacies
	0.07 
	0.06
	0.06 
	
	

	5 Argument schemes
	0.03 
	0.11
	0.19 
	0.03 
	

	Mean
	3.32
	3.85
	2.01
	1.70
	3.37

	SD
	1.11 
	1.31 
	1.99 
	0.97 
	1.39 

	Observed range
	1–5
	1–6
	-4–8
	0–4
	0–5

	Scale maximum
	8
	7
	9
	5
	6

	Omega total
	.69
	.46
	.78
	.44
	.69



At Time 2, data were available from 70 participants. Reliability of the total scale was ω = .74. The total score was on average 19.77, SD = 3.43, ranging from 10 to 26. Compared to Time 1, the reliabilities of Parts 1–4 were improved, and Part 5 worsened, as shown in Table S5. Correlations between the parts were not statistically significant. 

Table S5. Descriptive statistics and correlations of variables at Time 2 (N = 70). 
	
	1 
	2
	3
	4
	5

	1 Standpoints and arguments 
	
	
	
	
	

	2 Enthymeme analysis
	0.23 
	
	
	
	

	3 Argumentation hierarchies
	0.01 
	0.30
	
	
	

	4 Fallacies
	-0.05 
	-0.08
	0.12 
	
	

	5 Argument schemes
	0.11 
	0.07
	0.19 
	0.14 
	

	Mean
	4.84
	5.47
	3.54
	2.30
	3.61

	SD
	1.37 
	0.99 
	1.69 
	1.08 
	1.18

	Observed range
	1–8 
	2–7 
	0–7
	0–5
	0–6 

	Scale maximum
	8
	7
	9
	5
	6

	Omega total
	.75
	.73
	.86
	.62
	.50




Change Over Time
As Table S3 shows, complete datasets were available from 54 students. Among the 54 students with complete datasets, the total ACLT score improved from Time 1 to Time 2, t(53) = -2.54, p = .014, with a small-to-medium effect size, Cohen’s d = 0.40, 95% CI of d = [-0.78, -0.01]. To investigate what proportion of students improved, we calculated a difference score for each participant by subtracting the Time 1 score from the Time 2 score. The distribution of these difference scores showed that 56% of participants improved, while the scores of 28% decreased, and 17% of participants showed no change. Improvement was larger among students who performed worse at Time 1, with change scores strongly positively related to Time 1 scores, r = .46, p < .001. Improvement was unrelated to interest in argumentation and debate. The correlation of the total scores at Times 1 and 2 (which can be interpreted as test-retest reliability) was r = .35, p = .009. 




Study 3, Supplemental Materials 
Measures
Part 1 (Claims and Reasons) included four sentences, each consisting of two numbered clauses, and the task was to indicate which clause represented the claim and which clause represented the reason. 
Part 2 (Identifying the Main Claim) included three text passages, each consisting of six numbered clauses, and the task was to identify which clauses represented the main claim. 
Part 3 (Reasons) included three text passages, each seven sentences long, in which the main claim was highlighted, and the task was to identify which two of the numbered clauses provided reasons that supported this claim. 
Part 4 (Rhetorical Aspects) included three text passages, each consisting of seven numbered sentences. For each text, the participants were asked to select from four options the best counterargument that may be given in response to this text as well as the rhetorical strategy (whether an argument primarily appeals to credibility or emotions) used in one of the numbered sentences. 
Part 5 (Implicit Reasons) assessed the ability to identify implicit or missing premises (corresponding to the enthymeme analysis task of Studies 1 and 2). The task included five sentences and asked participants to select, for each sentence, which of four options best completed the argumentation. 
Part 6 (Argument Structures) assessed the ability to analyse more complex argumentation structures. This task included three texts, each consisting of three numbered sentences, and participants were asked to indicate which sentence was the claim, which was the main argument, and which was a subordinate argument (supporting reason). In each text, one point was given if the claim was correctly identified, and another point if the two arguments were in the correct order. 
Part 7 (Problematic Argumentation) included six fallacies, and for each fallacy, the task was to select from four options the flaw in the argument. 
Part 8 (Argument Types) included four sentences, and the task was to indicate whether each sentence represented a causal, analogous, or symptomatic argument. In the revised CALT used in Study 3, the symptomatic category was dropped and the task became a binary causal/analogous classification.
Part 9 (Visual Argument Interpretation) assessed the ability to interpret the message that an image is intended to convey. The task included a campaign-poster used by the World Wildlife Fund, with four questions about the claim, rhetorical strategy, target audience, and type of argumentation involved. Each question had four response options. 
Part 10 (Argument Strength) assessed the ability to evaluate the overall soundness of an argument. This part consisted of four arguments. The participants were asked to indicate how weakly or strongly the reasons supported the claim. The response scale was an ordinal scale with the options -2 (does not support), -1 (weakly supports), +1 (moderately supports), +2 (strongly supports). 
Data screening and exclusions
In total, 186 persons completed the study. The target sample size was determined through a power analysis conducted using the G*Power program. Our goal was to obtain .80 power to detect medium-sized effects (r ≥ .20) at the .05 alpha error probability level. For bivariate correlations, this requires a minimum of 183 participants. One person failed multiple attention checks and was excluded from analyses. In addition, seven participants were multivariate outliers on their CALT scores (Mahalanobis distance, p < .01) and were excluded from analyses. The final sample size was thus 178 – marginally below the 183 indicated by the power analysis.
We examined performance on each item. One item in Part 5 was not correctly identified by any of the participants; therefore, it was excluded from further analysis (reducing the analysed scale from 49 to 48 items).
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