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Abstract

Psycholinguistic research has provided abundant evidence that both the nature of a
causal relation as well as world knowledge have an immediate influence on the processing
of explanatory discourse (e.g., Canestrelli, Mak, and Sanders 2013; Köhne-Fuetterer et
al. 2021; Xiang and Kuperberg 2015). However, little is known about which particular
reasoning processes are immediately triggered as we integrate new information. The present
study provides first evidence that two types of abductive reasoning (Aliseda 2006) can be
observed during processing, involving partial explanations that would either contradict world
knowledge (abductive anomaly) or not be predicted by such knowledge (abductive novelty).
In an experiment applying eyetracking during reading we identified two distinct processing
signatures for the two types of abduction.

1 Introduction

Research on the comprehension of causal discourse has provided ample evidence that contingency
relations trigger immediate inferences that may also take world knowledge into account (Traxler,
Bybee, and Pickering 1997; Canestrelli, Mak, and Sanders 2013; Xiang and Kuperberg 2015;
Noordman et al. 2015). However, the precise nature of the inference patterns involved, their
interaction with world knowledge, and how they relate to behavioural measures is still under-
studied. The present study provides evidence that two distinct patterns of abductive reasoning
(Aliseda 2006; Aliseda 2017) display different processing signatures in eyetracking during reading,
showing that subtle causal distinctions are evaluated incrementally in comprehension.

The following mini-discourses illustrate the two types of abductive reasoning we manipulated:

(1) a. Abductive anomaly: Θ ̸⇒ ϕ, Θ⇒ ¬ϕ
Peter recently installed a new dishwasher. Because [he followed the instructions]cause2,
[the device broke down]effect.

b. Abductive novelty: Θ ̸⇒ ϕ, Θ ̸⇒ ¬ϕ
Every morning, Marcus takes the eight o’clock train to Stuttgart. Because [he
overslept by an hour today]cause2, [he arrived safely]effect.

The two scenarios correspond to Aliseda’s (2006) notions of abductive anomaly (1a) and novelty
(1b), respectively. For abductive anomaly (1a), the particular cause in combination with our
world knowledge, Θ, cause2 , cannot explain the effect ϕ in question, while they would readily
explain the “opposite” effect, ¬ϕ. Thus, the effect is of the right type, but its particular
realization contradicts world knowledge. For abductive novelty, cause and world knowledge
combined offer no support for the effect in question: Neither the presented effect ϕ, nor its
negation ¬ϕ would seem explainable given the cause presented. A possible remedy could involve
the abductive step of assuming an additional cause to be present, Θ, cause1 , cause2 ⇒ ϕ.

We predicted the two reasoning types to be reflected in distinct processing signatures. Testing
discourses involving these relations in eyetracking during reading, we expected anomaly to trigger
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Figure 1: Anomalous (left) and novel (right) explanatory relation and their hypothesized repair strategies

more backtracking of preceding discourse since negating the cause, not having followed the
instructions, could remedy the explanation. For novelty, proceeding to subsequent discourse
would seem more promising, searching for an additional fact that might help explain the effect.

These abductive patterns were modeled using structural equation modelling (Figure 1, see
Pearl 2009; Halpern 2016). For abductive anomaly and novelty alike, some eventuality cause2 is
explicitly claimed (“because”) to be causally connected to an effect. The two instances differ in
one important respect, though. In cases of abductive anomaly (left-hand side), the effect has a
(stipulated) probability close to zero given cause2 (p(effect|cause2) ≈ 0). If cause2 were to be
false, however, effect would be explainable (M ⊨ [cause2 ← 0](effect)). Given these facts, we
assume backtracking to constitute a plausible strategy, as indicated by the dashed blue arrow in
the left-hand figure, checking whether a negation may have been overlooked.

For abductive novelty (right-hand side of Figure 1), we assume this strategy to be less
promising, since the probability of the effect occurring seems to be independent of cause2
(p(effect|cause2) = p(effect)). In this case, a more plausible strategy would seem to assume that
there must be some additional eventuality influencing the effect (M ⊨ [cause2, cause1](effect)).
Thus, while the effect is surprising, it would seem more promising to continue reading to check
whether such a possible cause (cause1) would be presented in subsequent discourse.

In order to investigate the different reasoning patterns illustrated in Figure 1, we constructed
experimental items in German realizing the patterns of abductive anomaly and novelty as
in (1) (between-item factor causal relation). For both types, we additionally included a
second cause – cause1 – that would make the effect follow naturally. We manipulated whether
this effect was presented before or after cause2, effect as discussed for (1) (within-item factor
construction), see the following example item for anomaly (English translation only):

(2) a. control (cause1 and cause2 conjoined under because):
Because [the assembly instructions contained an error]cause1 and [he followed the
instructions]cause2, [the device broke down]effect.

b. left dislocation (cause1 before because clause):
[The assembly instructions contained an error]cause1. Because [he followed the
instructions]cause2, [the device broke down]effect.

c. right dislocation (cause1 after cause2, effect sequence):
Because [he followed the instructions]cause2, [the device broke down]effect. You see,
[the assembly instructions contained an error.]cause1.

Of note, the sequence cause2, effect is the same across conditions. The control and left dislocation
conditions in (2a) and (2b) both present two causes that are jointly suited to explain the effect in
question, cancelling the need for abduction. The left dislocation condition was included to assess
whether introducing one cause before the causal connective leads to processing difficulties as
compared to a situation where the explanation is maximally explicit (Hagoort and van Berkum
2007). The right dislocation condition in (2c) crucially postpones revealing the necessary cause1
until after the partial explanation in the sequence because cause2, effect, calling for abduction.

Proceedings of the 24th Amsterdam Colloquium



Abductive reasoning in discourse processing Solstad and Bott

2 Experiment 1: Contingency Ratings
The first experiment investigated anomalous and novel causal relations in three conditions,
testing for the assumed logical properties of the two reasoning patterns (Aliseda 2006; Aliseda
2017) and the appropriateness of the complex scenarios in (2).

2.1 Methods

24 native German speakers (mean age 24.9 years, 19 female, 5 male) took part in the study
for monetary compensation. 15 anomaly and 15 novelty relations were constructed in three
conditions each in a 3 (construction) × 2 (causal relation) design. The complex cause
scenario (3a) served as control, testing whether two causes cause1 and cause2 were jointly
appropriate to explain an effect. This condition was compared to a simple cause condition and a
negated simple cause condition.

(3) a. complex cause (anomaly):
Because [the assembly instructions contained an error]cause1 and [Peter followed the
instructions]cause2, [the device broke down]effect.

b. simple cause (anomaly):
Because [Peter followed the instructions]cause2, [the device broke down]effect.

c. negated simple cause (anomaly):
Because [Peter didn’t follow the instructions]cause2, [the device broke down]effect.

Participants’ task was to rate these conditions on a seven-point bidirectional causality
rating scale (Neunaber and Wassermann 1986; Ng, Lee, and Lovibond 2024), ranging from
−3 (“completely reversed causal relation”) to +3 (“completely normal causal relation”) with a
mid value of 0 explicitly indicating a “complete lack of causal connection”. The complex cause
condition should be rated equally well for anomaly and novelty. The two relation types should
diverge with respect to the other two conditions, however: For novelty, neither the positive
simple cause nor the negated simple cause condition should be causally related. For anomaly,
however, the positive simple cause should be rated as “perfectly reversed”, whereas the negated
simple cause condition should be rated as a “perfectly normal causal relation”.

The judgments were analyzed in R (R Core Team 2021) in a cumulative link mixed effect
regression analysis with the R package ordinal (Christensen 2020). The models included the fixed
effects of condition (complex causes vs. simple cause vs. negated simple cause; treatment coded
with complex causes as base category), causal relation (centered) and their interactions.

2.2 Results and Discussion

The mean contingency ratings are shown in Figure 2. As desired, the complex cause scenarios
were clearly perceived as perfectly causally related. The simple cause and the negated simple
cause scenarios received ratings fully in line with our expectations for abductive novelty and
anomaly, respectively. For novelty, the simple cause and the negated simple cause condition were
equally perceived as without any causal connection with mean ratings close to 0. For anomaly,
however, the simple cause condition was perceived as contradicting normality while the negated
simple cause condition was perceived to be as natural as the complex causes control condition.

This was corroborated by the statistical analysis giving rise to significant interaction effects
for both condition contrasts × causal relation (χ2(2) = 269.32; p < .01). Planned simple
comparisons revealed no significance difference in perceived causal strength between novelty
and anomaly in the complex causes control condition (β̂ = −.05, z = −.27, p = .79), but clear
differences in the simple cause conditions (β̂ = −1.44, z = −6.75, p < .01) and in the negated
causes conditions (β̂ = 1.92, z = 8.27, p < .01).
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A) Abductive Anomaly B) Abductive Novelty

Figure 2: Mean contingency ratings and 95% confidence intervals in Exp. 1 for anomaly (A) and novelty (B).
Positive values indicate “normal causal relations” and negative values indicate causal relations that are “opposite
to normal”. A value of 0 indicates no causal connection. 95% CIs estimated based on standard errors of the means.

3 Experiment 2: Eyetracking during reading
Our second experiment investigated the real-time comprehension of discourse with conjunctive
causal scenarios triggering abductive novelty and anomaly in the three conditions in (2), respec-
tively. The two reasoning patterns are hypothesized to lead to two very different processing
strategies in real-time comprehension. Novelty should lead to integration difficulty of the surpris-
ing causal outcome given the lack of a causal connection to the preceding discourse context. For
novel cause-effect relations, we thus expected longer first-pass reading time in right dislocation
relative to both control and left dislocation, but no increase in the amount of regressions from
the effect ROI to the preceding, causally unrelated cause2 region. For anomalous cause-effect
effect relations, causal integration during first-pass is expected to be easy an effect of this type
(ϕ) is expected. However, since it is actually the reversed effect that would be predicted, first
integration should be followed by backtracking to the preceding context in order to check for
encoding errors of the preceding context. We operationalized such backtracking as a higher
proportion of regressions out of the effect region in the right-dislocation condition. Finally, we
expected longer second-pass times of the cause2 region for anomaly than for novelty.

3.1 Methods

Twenty-seven students from Tübingen University (mean age: 25.9 years of age, 20 female, 7
male) were included in the analysis of the eyetracking experiment. All participants were native
speakers of German and had normal or corrected-to-normal vision.

15 novelty and 15 anomaly items were constructed according to the three conditions in
(2) and embedded in further context as follows: A short introductory context of two to three
sentences set the scene, followed by the discourses displayed in (2). It may be noted that all
effect regions were followed by a spillover region that we won’t discuss here. All conditions were
wrapped up with a concluding sentence, intended to increase overall coherence. The items in
the three conditions were distributed to three lists in a Latin Square design. The same set of 30
filler discourses was added to the lists. In addition, 30 comprehension questions with two answer
alternatives were formulated for 15 experimental items and 15 fillers.

A desktop-mounted Eyelink 1000 Plus eyetracker monitored the gaze location of participants’
dominant eye. Participants viewed the stimuli binocularly on a 21′′ monitor on a distance of
70cm from their eyes. Stories were displayed on five to eight lines with automatic line breaks in
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A) First-Pass Times (effect) B) Regressions out (effect)

C) Second-Pass Times (cause-2)

Figure 3: Mean first-pass times (top left) and first-pass regression ratios in the effect region (top right) as well
as second-pass times of the cause-2 region (bottom row) in the eyetracking during reading experiment (Exp. 2).
Error bars correspond to one standard error of the mean.

a single paragraph. After reading a story, participants were presented with a question or the
subsequent trial. There was no time limit for answering the questions.

Three eyetracking measures were analyzed (cf. Clifton, Staub, and Rayner 2007): First-pass
times (the sum of all fixations during first-pass readings), first-pass regression ratios (whether a
regression was launched during first-pass reading) and second-pass times (the sum of all fixations
in rereading a region). For statistical analysis of first-pass times and second-pass times linear
mixed-effects regression models (Bates et al. 2015) were fit to the RTs of cause2 and effect
ROIs. The first-pass regression analysis employed logit mixed-effects analyses (Jäger 2008), with
Bonferroni correction compensating multiple comparisons.

3.2 Results and Discussion

Comprehension questions were answered 95.8% correct on average showing that participants
read attentively. Every participant scored at least 80% correct.
First-Pass Times The mean first-pass times for the effect ROI are shown in the top left of
Figure 3. There were no differences between left dislocation and control conditions (saturated
vs. intercept only model: χ2(3) = .75., p = .86). Thus, the effect sentences could be integrated
equally easily irrespective of whether cause1 appeared outside or in the scope of weil ‘because’.
For right dislocation, the predicted interaction was observed (β̂ = −79.42, SE = 27.18, χ2(1) =
8.83, p < .016). Breaking down the interaction effect in subset analyses, pairwise comparisons
revealed that first-pass times were significantly higher for right dislocation relative to control
in the novelty scenarios (β̂ = 190.44, SE = 40.40, χ2(1) = 21.28, p < .03), but that there
was no reliable difference in first-pass time of the anomaly scenarios (χ2(1) = .79., p = .37).
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Thus, integration of the effect ROI during first-pass reading in fact caused difficulty in causal
novelty but not in anomaly relations. This is what we predicted from the fact that the effect
type as such is expected for anomaly, but not for novelty.
First-Pass Regression Ratios The analysis of first-pass regression ratios complemented the
first-pass time analysis. The first-pass regression ratios are shown in the top right of Figure 3.

The analysis of the effect ROI, revealed more regressions out in the right dislocation
conditions than in the control and left dislocation conditions. Anomaly displayed an average of
16% regressions after first pass reading (relative to 8 and 7% regressions in the left dislocation
and control conditions, respectively), whereas novelty received on average 13% regression
in the right dislocation condition (compared to 10 and 9% regressions in left dislocation and
control). In the GLMER analysis this pattern was reflected in a main effect of right-dislocation
(β̂ = .69, SE = .29, χ2(1) = 5.92, p < .016) in the absence of an interaction (χ2(1) = 1.09, p = .30).
Testing for the predictions outlined above, the right-dislocation effects were analyzed separately
for the two causal relations in subset analyses of the data. These pairwise comparisons revealed
a reliable right dislocation effect in anomaly (χ2(1) = 5.24, p < .03), but not in novelty
(χ2(1) = .95, p = .33). This pattern is consistent with the prediction that the likelihood to
regress to the preceding discourse should be higher for causal anomaly than for novelty.
Second-Pass Times The last analysis investigated the time spent in rereading the right-
dislocation conditions. We hypothesized that the cause2 region should lead to stronger
second-pass effects in right dislocation of abductive anomaly relative to right dislocation in
abductive novelty. The mean second-pass times of the cause2 ROI are shown in panel C of
Figure 3. The GLMER analyses also revealed no left-dislocation effects.

The analysis of second-pass times revealed a significant interaction (likelihood ratio test of
the right dislocation × causal relation interaction β̂ = −258.67, SE = 119.13, χ2(1) =
4.69, p < .03), not present in first-pass times (not discussed here). Thus, readers in fact spent
more time rereading the cause2 region in right-dislocated discourses involving abductive anomaly
than for novelty. In addition to this interaction, a main right-dislocation main effect was observed
(β̂ = 431.15, SE = 83.94, χ2(1) = 25.13, p < .01). On average, right-dislocation led to a 302
ms increase in second-pass time. However, the size of the right-dislocation effects differed
quite dramatically between anomaly and novelty with a difference of approximately 260 ms. In
summary, the need for rechecking the cause ROI in right-dislocated discourses was especially
strong after having encountered a causal relation displaying abductive anomaly. Again, the
GLMER analyses revealed no left-dislocation effects.

4 General Discussion
The present paper presented an eyetracking study on the processing of causal relations in
discourse. In particular, the study investigated the reading behaviour of causal scenarios in
which two causes are required to explain an effect. The crucial comparison involved scenarios
displaying abductive anomaly relative to ones exhibiting abductive novelty (Aliseda 2006).

While Experiment 1 used a rating task to confirm that the discourse materials displayed
the desired reasoning patterns, Experiment 2 provided evidence that abductive anomaly and
novelty are associated with different discourse processing strategies. Anomaly led to an increase
in regressions and substantially longer rereading of the cause2 region whereas novelty led to
longer reading times during first-pass reading but no increase in regressions to earlier text.

The present study thus presents online processing evidence for sub-types of causal reasoning
patterns in discourse comprehension not – as far as we are concerned – shown before. Future
research should establish whether the dissociation of effects observed for the two abductive
reasoning patterns yields distinct processing signatures beyond eyetracking during reading.
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