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Abstract

This study investigated how children aged 7 to 11 years process and comprehend written
irony with different emotional valences (ironic praise vs. ironic criticism) using eye-tracking
technology. Participants read short stories containing literal praise, literal criticism, ironic
praise, or ironic criticism while their eye movements were recorded. Results indicated that
children showed significantly lower comprehension accuracy for ironic praise compared
to ironic criticism, supporting the affective asymmetry hypothesis in irony processing.
Eye-tracking data provided partial support for this asymmetry: regression-path durations—
but not first-pass or total reading times—were longer for ironic utterances, particularly
ironic praise, indicating greater effort during integrative rereading and reanalysis. Age-
related differences were limited to regression-path duration rather than comprehension
accuracy, suggesting selective developmental differences in online integration. These
findings provide process-level evidence for children’s written irony comprehension and
highlight the role of online integrative processes in figurative language processing.
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1. Introduction

Interpreting other people’s intentions through verbal language represents a remarkable
challenge for children. Much of what we say is ambiguous; the intended meaning of our
statements cannot always be gleaned from the literal meanings of the words alone. One
particularly challenging form of figurative language is counterfactual verbal irony, in which
the intended meaning is opposite to the literal utterance (Katz & Lee, 1993). While children’s
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well-documented asymmetry between ironic criticism and ironic praise—where critical
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irony is understood more readily—has rarely been examined in real-time reading tasks
among children. This study used eye tracking to examine these online processing patterns
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irony as a violation of the Maxim of Quality, whereby speakers intentionally produce a
literally false utterance and rely on listeners to infer the intended meaning. In contrast,
Relevance Theory (Sperber & Wilson, 1986/1995) proposes that irony involves the echoic
interpretation of a prior thought or expectation, together with an attitude toward it, rather
than simply saying the opposite of what is meant. More recently, the Parallel Constraint
Satisfaction Framework (PCSF; Pexman, 2008) has provided a useful account of this pattern
by proposing that irony comprehension results from the simultaneous integration of multi-
ple constraints, including contextual information, literal meaning, and speaker intention.
According to this framework, children gradually acquire different strengths of association
between these constraints through experience.

Counterfactual verbal irony is a form of irony in which the literal statement contradicts
a factual expectation, for instance, saying, “What a perfect day for a picnic!” when it is raining.
This contrasts with non-counterfactual irony, where literal and intended meaning diverge
less dramatically. Written irony often relies on subtle contextual cues rather than overt
prosody, making integration and inference more demanding. Eye-tracking studies with
adults demonstrate that ironic statements are read more slowly, involve more regressions,
and are comprehended less accurately than literal statements (Au-Yeung et al., 2015; Filik
& Moxey, 2010; Olkoniemi et al., 2016), reflecting the cognitive effort required to reconcile
literal content with context.

In developmental populations, children must detect discrepancies between literal
meaning and context while simultaneously interpreting the speaker’s evaluative stance.
Previous studies indicate that children may succeed at detecting ironic statements but
struggle to integrate them fully, particularly in the absence of prosodic cues (Olkoniemi
et al., 2023; Barich et al., 2025).

1.2. Ironic Praise and Ironic Criticism

Ironic statements can serve positive or negative social functions. Ironic criticism
involves stating something positive literally to convey a negative evaluation (e.g., “This
audience is very pleasant” after an audience that behaved disruptively), whereas ironic
praise involves stating something negative literally to convey a positive evaluation (e.g.,
“Well, that was a terrible shot” to commend a good performance). Research consistently
shows an affective asymmetry: children understand ironic criticism earlier and more
accurately than ironic praise, likely because negative social feedback is more frequent and
salient, creating a normative bias (Filippova & Astington, 2010; Hancock et al., 2000; Pexman
et al., 2005). This asymmetry is likely due to greater exposure to critical irony in daily social
interactions and the increased cognitive demands of resolving positive evaluations from
negative phrasing. Ironic praise appears to require more advanced cognitive, linguistic,
and social-pragmatic skills, including theory of mind and perspective taking.

1.3. Eye-Tracking Studies of Children’s Irony Processing

While children’s acquisition of verbal irony is well documented (Climie & Pexman,
2008; Koder & Falkum, 2021), fewer studies have examined online reading of written irony.
Existing eye-tracking research suggests that although children around age 10 exhibit adult-
like patterns in some measures, comprehension accuracy remains lower, and rereading
behavior indicates additional cognitive effort (Olkoniemi et al., 2023; Barich et al., 2025).
Specifically, longer regression-path durations and increased look-backs indicate that chil-
dren engage in effortful integration to reconcile literal text with intended ironic meaning.
However, prior studies have often focused on a single age group, limiting developmental
inference, and have rarely examined differences between ironic praise and criticism in
written text.
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1.4. The Current Study

The present study investigates the developmental trajectory of written irony compre-
hension in children aged 7-11, with particular focus on affective asymmetry between ironic
criticism and ironic praise. Among these accounts, the Parallel Constraint Satisfaction
Framework (PCSF; Pexman, 2008) is particularly relevant to the present study because it
predicts that irony comprehension depends on the simultaneous integration of multiple
constraints, including contextual expectations, literal meaning, and speaker intentions.
Importantly, the framework predicts that ironic praise should impose greater integrative
demands than ironic criticism because positive evaluations expressed through negative
wording constitute a less expected communicative pattern. The present study provides a
developmental test of this prediction using eye-tracking measures of online reading.

We recruited 96 children in Shanghai across three age groups (7-, 9-, and 11-year-olds;
42 females). Based on the literature, we formulated the following hypotheses:

H1. Comprehension accuracy is higher for ironic criticism than for ironic praise across all age
groups, demonstrating the affective asymmetry effect.

H2. Eye-movement patterns (e.g., longer regression-path durations) indicate increased integrative
effort for ironic utterances compared to literal ones, specifically for ironic praise compared to ironic
criticism.

H3. Developmental progression will be observed, with older children (11-year-olds) demonstrating
comprehension accuracy and reading patterns closer to adult profiles than younger children (7-year-
olds), especially for ironic praise.

2. Materials and Methods
2.1. Participants

Ninety-six participants from an elementary school in Shanghai participated (42 fe-
males; mean age = 10.3 years), comprising three age groups: thirty-two 7-year-olds (mean
age = 7.2; SD = 0.3), thirty-two 9-year-olds (mean age = 9.1; SD = 0.4), and thirty-two
11-year-olds (mean age = 11.3; SD = 0.5). For the power analysis, we assumed a medium
effect size (Cohen’s d = 0.5), which is consistent with conventions in psychological research
(Cohen, 2013) and with prior eye-tracking studies on irony processing (Filik & Moxey, 2010;
Filik et al., 2014, 2017). Based on these parameters, a minimum of 32 participants per age
group was required to achieve a statistical power of 80%, as recommended by Cohen (2013).
All were native speakers of Mandarin Chinese (the language studied at the school) and had
normal or corrected-to-normal vision. A parent/guardian of each participant gave written
informed consent before the experiment.

2.2. Apparatus

Eye movements were recorded using EyeLink Portable Duo eye trackers (SR Research
Ltd., Ottawa, On, Canada) at a 500 Hz sampling frequency. The stimuli were presented on
a 13-inch laptop monitor, participants were seated 60 cm from the screen, and a refresh rate
of 120 Hz and a resolution of 1024 x 768 pixels were used. A chin-and-forehead rest was
used to stabilize the head of the participant.

2.3. Materials

Twelve story frameworks were created, each appearing in four text-type versions (lit-
eral criticism, ironic criticism, literal praise, and ironic praise). A Latin-square design was
adopted to generate four experimental lists. Each participant viewed only one version of each
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framework and therefore completed 12 experimental items (3 items per text type), together
with 24 filler items. Experimental and filler items were presented in a pseudo-randomized
order. Each experimental item was followed by a memory question and a comprehension
question. One point was awarded for each correct response, yielding a maximum score of
6 for each text type condition. The memory question ensured that participants attended to
the contextual information necessary for irony interpretation. These materials were adapted
from adult materials (Filik et al., 2017) by two experienced third-grade teachers to ensure
age-appropriate vocabulary and sentence structures for children aged 7-11. A pre-test was
conducted with 125 third-grade students (mean age = 8.9 years; 62 females). The initial
stimulus pool consisted of 20 story frameworks (80 items). Items were excluded if (a) the
mean difficulty rating exceeded 3.5 or (b) agreement on irony classification fell below 70%
(Cohen’s k < 0.70). Following this procedure, 12 story frameworks (48 experimental items)
were retained. The four experimental conditions were matched on the basis of target utterance
length (8 = 1 Chinese characters) and mean difficulty ratings (all ps > 0.20).

We divided text into three regions of interest. The first is the context region (1),
which provides the situational background and establishes expectations for the upcoming
statement. It contains the critical contextual information that enables readers to anticipate
the speaker’s intended meaning before encountering the target utterance. The spillover
region (2) immediately follows the context region, whereas the critical region (3) contains
the target utterance, whose intended meaning depends on the preceding context. An
example text and questions are presented in Table 1.

Table 1. Examples of experimental texts and text memory and inference questions (translated from
Mandarin).

Text Type

Region Example Sentence

Literal criticism

Context region Gao Zhen and Lu Hong attend art classes.
Gao Zhen tells Lu Hong she is a good artist. In the class, they
paint a picture of a rose. Gao Zhen’s painting is ugly.

Literal praise

Spillover region Lu Hong says,
Critical region “Woah, you are a terrible artist.”
Context region Gao Zhen and Lu Hong attend art classes.

Gao Zhen tells Lu Hong she is a good artist. In the class, they
paint a picture of a rose. Gao Zhen’s painting is pretty.

Spillover region Lu Hong says,
Critical region “Woah, you are a terrific artist.”
Context region Gao Zhen and Lu Hong attend art classes.
Ironic Gao Zhen tells Lu Hong she is a bad artist. In the class, they
e paint a picture of a rose. Gao Zhen's painting is ugly.
criticism Spillover region Lu Hong says,
Critical region “Woah, you are a terrific artist.”
Context region Gao Zhen and Lu Hong attend art classes.
Tronic Gao Zhen tells Lu Hong she is a good artist. In the class, they
. paint a picture of a rose. Gao Zhen’s painting is pretty.
praise Spillover region Lu Hong says,
Critical region “Woah, you are a terrible artist.”
Example comprehension Memory Did Lu Hong say, “You are a terrific artist’?
questions Inference Did Lu Hong think Gao Zhen'’s painting was actually good?

2.4. Procedure

Participants were tested individually. Upon arrival, participants were informed that
the experiment assessed reading. The specific nature of the experiment was explained
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to participants when the experiment was over. Before the reading task, the eye-tracking
system was introduced to each participant, and the experimental procedure was explained.
After completing a nine-point calibration procedure, participants started with 2 practice
trials first to familiarize them with the experimental process. At the beginning of each trial,
a fixation box appeared in the top-left quadrant of the screen. Once the participant fixated
on this box, the box would disappear, and the text would be presented, with the beginning
of the text appearing at the same location as the fixation box. After each story, two questions
were presented, one at a time. Participants answered two yes/no questions after each story:
(1) a text memory question (e.g., “Did Lu Hong say that Gao Zhen's painting was good?”)
and (2) a comprehension question assessing ironic intent (e.g., “Did Lu Hong actually think
Gao Zhen's painting was good?”). After the participant answered the second question, the
next story was presented.

2.5. Data Analysis and Preprocessing

Fixations under 80 ms were incorporated into larger adjacent fixations within one charac-
ter, and fixations under 40 ms that were not within three characters of another fixation were
deleted, as were fixations over 1200 ms. Prior to analysis, trials where participants failed
to read the sentence or there had been track loss were eliminated, accounting for 8.92% of
the data. Three measures of reading behavior are reported: First-pass reading time (FRT)
reflects initial lexical access and syntactic processing. A longer FRT would indicate early
detection of incongruency. Regression-path duration (RPT)—the sum of all fixations from
first entry into the region until the gaze exits to the right, including regressions to previous
text—reflects early integrative difficulty, i.e., the reader’s attempt to reconcile the current
utterance with prior context. The total reading time (TRT) indexes overall processing burden,
including rereading after initial integration. Following previous irony eye-tracking studies
(e.g., Olkoniemi et al., 2023), longer a RPT without a longer FRT suggests that difficulty arises
during integration/reanalysis rather than during initial word recognition.

Participants with fewer than two correctly comprehended ironic items were excluded
to ensure reliable measurement of irony processing. Participants must have demonstrated
minimal comprehension ability to ensure data quality. Sensitivity analyses were conducted
by re-running all primary mixed-effects models using the full sample, including the six
participants excluded according to the predefined criterion. The overall pattern of results
remained unchanged, indicating that the exclusion criterion did not materially affect the
conclusions of the study:.

The data were analyzed with linear mixed-effects models (LMMs) for continuous
eye-movement measures (first-pass reading time [FRT], regression-path time [RPT], and
total reading time [TRT]) and generalized linear mixed-effects models (GLMMs) with a
binomial link function for accuracy data. Text type (literal criticism, literal praise, ironic
praise, or ironic criticism) and age (7, 9, or 11) were treated as fixed effects, and their
interaction was included in all models. Random intercepts for participants and items were
included, and random effects were simplified as necessary to achieve model convergence.
Unless otherwise specified, all results reported in the manuscript are based on these final
simplified models. Models were compared based on x?, the Akaike information criterion
(AIC; Bozdogan, 1987), z-values, and p-values. The AIC is an estimator of the relative
quality of statistical models for a given set of data and provides a means for model selection.
The model providing the best fit to the data (lowest AIC value) was selected. Multiple
comparisons were adjusted using Tukey’s Multiple Contrasts (part of the R “emmeans”
package; Lenth, 2023) for post hoc testing. Post hoc pairwise comparisons were conducted
using Tukey adjustments for multiple comparisons. The descriptive statistics presented in
Table 2 were calculated from condition-level scores (maximum = 6 for each text type). In
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contrast, all inferential analyses were conducted on trial-level binary responses. Fixed-effect
estimates are presented as regression coefficients (3), together with their standard errors
(SEs), 95% confidence intervals (Cls), and z statistics. All statistical analyses were performed
in the R language (Version 3.5.1; R Core Team, 2021) using the Ime4 and emmeans packages
(Lenth, 2023).

Table 2. Comprehension accuracy scores for comprehension questions following four text types for
children.

Age Group
Text Type

Accuracy Mean (% Correct) SD Accuracy Range

7

9 11 7 9 11 7 9 11

Literal criticism
Ironic criticism
Literal praise
Ironic praise

497(83%)  5.10(85%)  5.38 (90%

0.48 0.41 0.28 3-6 3-6 3-6

0.34 0.31 0.24 5-6 5-6 5-6

)
5.80(97%)  5.84(97%)  592(99%) 174 153 121 46 56 56
)

5.88(98%)  5.90(98%)  5.94(99%

387 (65%) 444 (74%)  492(82%)  1.09 101 086 1-6 26 46

Note. The maximum possible comprehension accuracy score for each text type (literal and ironic) was 6. One-
sample f tests confirmed that children of all age groups performed significantly above chance on all text types. SD,
standard deviation.

3. Results
3.1. Accuracy Performance

Descriptives for comprehension accuracy are presented in Table 2, and a summary of
significant effects can be found in Table 3. Memory performance approached the ceiling
across all conditions and age groups (M = 98%), indicating that participants successfully
encoded the contextual information required for irony interpretation. Therefore, variation in
total accuracy scores primarily reflected differences in comprehension rather than memory.
There was a significant main effect of text type on comprehension accuracy. Post hoc Tukey
comparisons reveal higher response accuracy for literal praise compared to literal criticism,
ironic criticism, and ironic praise text types. Response accuracies were also significantly
higher for literal criticism versus ironic praise, as well as for ironic criticism compared
to literal criticism and ironic praise text types. Critically, supporting H1, accuracy was
significantly higher for ironic criticism than for ironic praise. Furthermore, ironic praise
was the least accurately comprehended text type.

Table 3. GLMER model and post hoc results for irony comprehension accuracy. P-values were
adjusted using the Tukey HSD method.

Models AIC Chisq p Value
Accuracy ~ 1 + (1 1Subject) + (1 |Item), 56,246
Accuracy ~ Text Type + (1|Subject) + (1 |Item), 40,017 16,229 <0.0001
~ * 1

Accuracy ~ Text Type * Age + (11 Subject) + 39814 202.26 <0.0001
(11 Item),
Post hoc comparisons—Text R SE zratio 95%CI p Value
Type

. s . . [—2.99,
Literal criticism-literal praise —-1.85 0.58 -3.21 _071] 0.0013
Literal criticism—ironic praise 0.76 0.27 2.85 [0.23,1.29] 0.0044
Literal criticism—ironic criticism —1.40 0.47 —2.97 [_7024:;2]' 0.0030
Literal praise—ironic praise 2.61 0.63 412 [1.37, 3.85] <0.0001
Literal praise—ironic criticism 0.45 0.20 2.21 [0.06, 0.84] 0.027
Ironic praise-ironic criticism —216 0.59 —3.65 [:130311]’ <0.0001

Note. The asterisk (*) between variable names denotes an interaction effect.
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3.2. Context Region of Eye Tracking

The context region provides the information necessary for readers to interpret the
subsequent utterance as ironic or literal. The descriptive statistics for eye-tracking data are
presented in Table 4. There were no significant effects of any factors on first-pass reading
times in the context region. There were no other significant interactions or main effects
among our factors across the remaining eye measures. Given that there were no interaction
effects between text type and age in this region, our findings indicate that the effects of
text type on first pass, regression path, and total reading times do not vary significantly
between children of different age groups in the context region; children appear to have
inspected the context region for ironic texts in the same way they did for literal texts (see
Supplementary Materials for full model summaries).

Table 4. Descriptive statistics for eye-movement measures across three regions.

(ms) Region FRT RPT TRT
Text Type Age 7 9 11 7 9 11 7 9 11

' g;‘é;’“ 312 (169) 295 (155) 285 (140) 293 (186) 285 (162) 270 (145) 327 (224) 310 (198) 298 (175)
Elrtlehr:llsmM fg’giﬂ)‘;:’er 288 (154) 275(1380) 265 (125) 310 (172) 295 (150) 285 (132) 350 (210) 330 (185) 315 (165)
e rcerg‘ffjl 335 (188) 315 (165) 305 (150) 365 (210) 340 (180) 325 (160) 420 (255) 395 (225) 375 (200)
. g;‘i‘éi’“ 452 (313) 420 (285) 395 (260) 441 (350) 405 (310) 385 (275) 933 (934) 850 (870) 780 (820)
Criticism M fg’gﬂ‘:er 480 (330) 445 (300) 420 (275) 520 (365) 480 (330) 450 (295) 1105(950) 980 (900) 900 (850)
e rceszjl 550 (350) 500 (320) 470 (300) 620 (400) 560 (360) 520 (330) 1250 (1100)  1100(1050) 1020 (980)

_ I‘Ce%?(t)i)(t 305 (162) 290 (150) 280 (135) 290 (180) 280 (155) 265 (140) 320 (218) 305 (190) 295 (170)
IﬁﬁrsaelM f‘epgiﬂ)‘;ver 282 (148) 270 (132) 260 (120) 305 (167) 290 (145) 280 (128) 345 (205) 325 (180) 310 (160)
¢ f;g‘ﬁf;l 330 (182) 310 (160) 300 (145) 358 (205) 335 (175) 320 (155) 415 (250) 390 (220) 370 (195)

' rce(;‘f;’“ 430 (295) 400 (270) 378 (245) 418 (325) 388 (295) 368 (260) 880 (890) 800 (830) 740 (785)

}’rroa?;CeM fg’gﬂ‘:er 455 (305) 425 (285) 400 (260) 495 (340) 455 (315) 428 (280) 1050 (920) 930 (875) 860 (825)
e rcer;ifjl 520 (335) 480 (305) 450 (285) 585 (385) 530 (345) 495 (315) 1180(1050) 1040 (1000) 960 (935)

3.3. Critical Region of Eye Tracking

The critical region is the segment of text that contains the ironic/literal utterance and
follows from the context region.

First pass. No significant main effects or interactions were observed for first-pass
duration.

Regression path. There were no statistically significant interactions between any factors
and regression-path duration in the critical region. However, there was a significant difference
when comparing the base model to a text-type model (see Figure 1 and Table 5 for details).
Post hoc comparisons showed that participants had longer regression-path durations for ironic
praise remarks than they did for literal praise, ironic criticism, and literal criticism utterances.
Participants also had longer regression-path durations for ironic criticism than they did for
literal praise interactions and literal criticism. Compared to literal praise, participants had
shorter regression-path durations for literal criticism interactions. There was no significant
difference in regression path between literal praise and ironic criticism.
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Figure 1. Violin plots showing regression-path reading times (simplified log10-transformed model)
for text type and age group.

Table 5. LMER model and post hoc results for regression-path duration. P-values were adjusted
using Tukey’s HSD method.

Model AIC Chisq p Value
Regression path ~ 1 + (11Subject) + (11 Item) 10,278

Regression path ~ Text Type + (1|Subject) + 9636 848.81 <0.0001
(1 Ttem)

Regression path ~ Text Type * Age + (1| Subject) + 9307 124.92 <0.0001
(1 Ttem)

Post hoc comparisons—Text Type B z-ratio p Value
Literal praise-ironic criticism —0.013 —35.97 0.1397
Literal praise-literal criticism 0.231 —23.46 <0.0001
Ironic criticism-literal criticism 0.145 —37.85 <0.0001
Ironic praise-literal praise 0.031 —36.95 <0.0001
Ironic praise—ironic criticism 0.029 —55.81 0.0001
Ironic praise-literal criticism 0.163 —16.94 <0.0001
Post hoc comparisons—Age * Text Type B z-ratio p Value
Text Type = literal criticism

9-year-old-11-year-old —0.008 —0.33 0.9398
9-year-old—7-year-old 0.018 0.75 0.7289
11-year-old-7-year-old 0.026 1.13 0.4898
Text Type = literal praise

9-year-old-11-year-old 0.061 2.44 0.0383
9-year-old—7-year-old 0.023 0.97 0.5901
11-year-old-7-year-old —0.037 —1.60 0.2447
Text Type = ironic criticism

9-year-old-11-year-old 0.072 291 0.01
9-year-old—7-year-old 0.023 0.96 0.6017
11-year-old-7-year-old —0.049 —2.12 0.0858
Text Type = ironic praise

9-year-old-11-year-old 0.126 5.08 <0.0001
9-year-old—7-year-old —0.007 —0.31 0.9459
11-year-old-7-year-old —0.134 —5.75 <0.0001

Note. The asterisk (*) between variable names denotes an interaction effect.
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There was also a significant interaction effect between text type and age. Resolving
age-by-text type interaction revealed significant differences in regression-path reading time
for literal praise, with longer times for 9-year-olds compared to 11-year-olds. We found a
similar difference for ironic criticism between 9-year-olds and 11-year-olds, with longer
times for 9-year-olds. The regression-path reading time in the critical region was also
significantly different for ironic praise interactions when comparing 9-year-olds and 11-
year-olds, (9-year-olds > 11-year-olds) as well as 11-year-olds and 7-year-olds (7-year-olds >
11-year-olds). There were no other significant interaction effects. The observed interaction
suggested that the processing difficulty associated with ironic praise (relative to other types)
was more pronounced in younger children. Some conditions exhibited relatively large
standard deviations, likely reflecting individual differences in reading behavior, consistent
with developmental variability in irony comprehension (see Supplementary Materials for
full model summaries).

Total reading time. There were no statistically significant interactions between any of
our factors and total reading time in the critical region.

4. Discussion

We explored how children developmentally process and comprehend different types
of written irony by employing the eye-tracking technique.

4.1. Accuracy

Our data generally showed that participants were more accurate when identifying
literal criticism, literal praise, and ironic criticism than ironic praise. These findings align
with previous research on irony comprehension in English-speaking children aged 7 to 11
(Filippova & Astington, 2010). In particular, ironic praise proved to be the most challenging
for children to interpret. This difficulty can be partly attributed to the asymmetry of affect,
which posits that ironic criticism is processed more readily than ironic praise (Hancock et al.,
2000; Harris & Pexman, 2003; Cao et al., 2024). Filippova and Astington (2010) similarly
reported that ironic criticism was easier to comprehend than ironic praise. Moreover, we
observed that ironic criticism was not only easier to understand than ironic praise but also
easier to understand than literal criticism statements. While this pattern is consistent with
previous research suggesting that negative social information is generally more salient
and easier to process than positive information (Baumeister et al., 2001; Rozin & Royzman,
2001), alternative explanations cannot be entirely ruled out. Because the present study
did not independently manipulate or norm factors such as contextual support or stimulus
naturalness, these characteristics may also have contributed to the observed advantage for
ironic criticism. Future research should examine these possibilities more directly.

Contrary to H3, developmental effects were selective rather than global. Although
age moderated regression-path duration, no reliable developmental progression was ob-
served in comprehension accuracy, suggesting only limited developmental differences in
online integration. Therefore, conclusions regarding developmental progression should be
interpreted cautiously.

4.2. Eye Tracking

Our eye-tracking data provided partial support for H2. Although we did not observe
the predicted overall slowdown in first-pass or total reading times for ironic versus literal
utterances, the regression-path duration—an index of effortful integration—was signif-
icantly longer for ironic praise compared to all other text types and for ironic criticism
compared to literal praise and literal criticism. This dissociation between intact first-pass
times and prolonged regression-path durations suggests that the primary processing diffi-
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culty for written irony, particularly ironic praise, may lie more in the effortful reanalysis and
integration of the nonliteral meaning with the context rather than in initial lexical access.
However, the absence of first-pass effects should be interpreted cautiously, as null effects
do not provide direct evidence of preserved early-stage processing. Thus, the evidence
points to a localized integrative bottleneck rather than a global slowdown in reading.

Specifically, in the critical region, children exhibited longer regression-path durations
for ironic utterances than for literal ones, indicating that both ironic praise and ironic
criticism required additional effort to integrate the target utterance with the preceding
context, consistent with classic theories of irony comprehension (Grice, 1975). Furthermore,
the eye-tracking data paralleled the comprehension results: ironic praise elicited longer
regression-path durations than ironic criticism, indicating that its lower comprehension ac-
curacy was accompanied by greater online integrative effort rather than merely poorer final
performance. This finding suggests that children experienced greater difficulty integrating
the intended meaning of ironic praise with the preceding context.

Although previous eye-tracking studies have examined children’s irony processing
(e.g., Olkoniemi et al., 2023; Barich et al., 2025), methodological differences limit direct
comparison. Extending this literature, the present study is the first to directly compare
ironic praise and ironic criticism using eye tracking and found that younger children
showed disproportionately longer regression-path durations for ironic praise.

Taken together, the present findings suggest that children’s difficulty with written irony
is best characterized as a localized integrative cost during rereading and reanalysis rather
than as a broad disruption across all stages of processing. Children may detect the mismatch
between literal meaning and context relatively quickly but require additional effort to resolve
this mismatch in a coherent ironic interpretation, particularly for ironic praise.

4.3. Theoretical Implications

Our findings, particularly the dissociation between the robust accuracy asymmetry
(H1) and the more selective eye-movement evidence (H2), have implications for theories
of irony processing. While comprehension accuracy consistently favored ironic criticism
over ironic praise, online processing differences were primarily reflected in regression-path
duration, suggesting that processing outcomes and processing time course are only par-
tially aligned. This pattern is broadly consistent with the Parallel Constraint Satisfaction
Framework (Pexman, 2008), which proposes that multiple pragmatic constraints are si-
multaneously activated and integrated during interpretation. One possible explanation is
that ironic praise involves weaker or less readily available pragmatic constraints, thereby
requiring additional integrative processing during rereading, whereas ironic criticism may
benefit from stronger contextual support. Although the present findings cannot directly test
the mechanisms proposed by the framework, they are compatible with its account of irony
comprehension and suggest that it may provide a useful perspective for understanding
children’s online processing of written irony.

Beyond theoretical implications, the present findings have potential educational rele-
vance. The greater difficulty associated with ironic praise suggests that positively intended
ironic remarks may be particularly vulnerable to misunderstanding during middle child-
hood. Therefore, providing clearer contextual cues may support children’s pragmatic
language development (Olkoniemi et al., 2025).

4.4. Limitations and Future Directions

One limitation of the present study is that, although we identified a localized inte-
grative cost for ironic praise, it remains unclear how this processing difficulty translates
into children’s emotional and social interpretations beyond basic comprehension accuracy.
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Future studies should combine eye tracking with measures of perceived speaker intent,
humor, or emotional impact to determine how these interpretations evolve during irony
comprehension (Filik et al., 2017), particularly for ironic praise and ironic criticism. In
addition, although the four conditions were derived from the same story frameworks to
minimize semantic variation, objective stimulus norms such as lexical frequency, emotional
intensity, contextual predictability, and naturalness ratings were not independently col-
lected. Future research should incorporate more extensive stimulus norming procedures
to further reduce potential confounding influences. Another limitation is that the present
study focused primarily on developmental differences at the group level and did not con-
sider individual socio-emotional characteristics that may influence irony comprehension.
According to the Parallel Constraint Satisfaction Framework (Pexman, 2008), exposure to
irony in social interactions contributes to the development of irony understanding. There-
fore, future studies should investigate how individual differences, such as with respect to
shyness (Mewhort-Buist & Nilsen, 2017) or theory of mind, shape children’s interpretation
of different forms of irony. Including adult control groups would also provide a useful
benchmark for mature irony processing and help clarify developmental changes across
childhood. Finally, the present study was conducted with Mandarin-speaking children in
Shanghai, China. Cultural differences in the frequency and use of irony in everyday com-
munication may influence the development of irony comprehension. Future cross-cultural
research is therefore needed to examine the generalizability of the present findings.

5. Conclusions

This study provides novel eye-tracking evidence for children’s processing of written
irony, highlighting a robust asymmetry whereby ironic praise poses greater integrative
difficulty than ironic criticism. Although age-related differences were selective rather
than pervasive, the findings suggest that the online integration of pragmatic meaning,
particularly for positive-valence irony, remains effortful throughout middle childhood.
By combining offline comprehension and online eye-movement measures, the present
study provides process-level evidence for children’s written irony comprehension and
demonstrates that the Parallel Constraint Satisfaction Framework offers a useful account of
how competing pragmatic constraints are resolved during irony processing.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/bs16071101/s1. Table S1: Simplified log10 transformed model for
accuracy; Table S2: Simplified log10 transformed model for first pass reading time on the context region;
Table S3: Simplified log10 transformed model for regression path reading time on the context region;
Table S4: Simplified log10 transformed model for total reading time on the context region; Table Sb:
Maximal log10 transformed model for first pass reading time on the critical region; Table S6: Simplified
log10 transformed model for regression path reading time on the critical region; Table S7: Maximal log10
transformed model for total reading time on the critical region. Appendix S1: Experimental Stimuli;
Appendix S2: Pretest Results; Appendix S3: Timeflow of a trial (how screen switched).

Author Contributions: Conceptualization, ].Z.; methodology, ].Z.; writing—original draft prepara-
tion, J.Z.; writing—review and editing, ].L.; supervision, J.L.; funding acquisition, J.Z. All authors
have read and agreed to the published version of the manuscript.

Funding: This research was funded by the Fundamental Research Funds for the Central Universities
HUST, grant number 2024WKYXQNO065.

Institutional Review Board Statement: The study was approved by East China Normal University
Ethics Committee for Human Experimentation (Approval No. HR2-0002-2021).

Informed Consent Statement: Written informed consent was obtained from parents or legal
guardians of all participants prior to participation.

https:/ /doi.org/10.3390/bs16071101


https://www.mdpi.com/article/10.3390/bs16071101/s1
https://www.mdpi.com/article/10.3390/bs16071101/s1
https://doi.org/10.3390/bs16071101

Behav. Sci. 2026, 16, 1101 12 0f 13

Data Availability Statement: The original data presented in the study are openly available in OSF at
https:/ /osf.io/28qyf/overview (accessed on 25 June 2026).

Conflicts of Interest: The authors declare no conflicts of interest.

References

Au-Yeung, S. K., Kaakinen, J. K., Liversedge, S. P., & Benson, V. (2015). Processing of written irony in autism spectrum disorder: An
eye-movement study. Autism Research, 8(6), 749-760. [CrossRef] [PubMed]

Barich, T., Kyriaki, L., Forndran, A., Williamson, P., & Arciuli, J. (2025). Children’s processing of irony during reading in English: An
eye-tracking study. Journal of Experimental Child Psychology, 254, 106202. [CrossRef] [PubMed]

Baumeister, R. F.,, Bratslavsky, E., Finkenauer, C., & Vohs, K. D. (2001). Bad is stronger than good. Review of General Psychology, 5(4),
323-370. [CrossRef]

Bozdogan, H. (1987). Model selection and Akaike’s information criterion (AIC): The general theory and its analytical extensions.
Psychometrika, 52(3), 345-370. [CrossRef]

Cao, N., Zhou, L., & Zhang, S. (2024). Uncovering echoic mechanisms in verbal irony comprehension. Language and Cognition, 16(4),
2148-2168. [CrossRef]

Climie, E. A., & Pexman, P. M. (2008). Eye gaze provides a window on children’s understanding of verbal irony. Journal of Cognition and
Development, 9(3), 257-285. [CrossRef]

Cohen, ]J. (2013). Statistical power analysis for the behavioral sciences. Routledge.

Filik, R., Brightman, E., Gathercole, C., & Leuthold, H. (2017). The emotional impact of verbal irony: Eye-tracking evidence for a
two-stage process. Journal of Memory and Language, 93, 193-202. [CrossRef]

Filik, R., Leuthold, H., Wallington, K., & Page, J. (2014). Testing theories of irony processing using eye-tracking and ERPs. Journal of
Experimental Psychology: Learning, Memory, and Cognition, 40(3), 811. [CrossRef] [PubMed]

Filik, R., & Moxey, L. M. (2010). The on-line processing of written irony. Cognition, 116(3), 421-436. [CrossRef] [PubMed]

Filippova, E., & Astington, J. W. (2010). Children’s understanding of social-cognitive and social-communicative aspects of discourse
irony. Child Development, 81(3), 913-928. [CrossRef] [PubMed]

Grice, H. P. (1975). Logic and conversation. In Speech acts (pp. 41-58). Brill.

Hancock, J. T., Dunham, P. J., & Purdy, K. (2000). Children’s comprehension of critical and complimentary forms of verbal irony. Journal
of Cognition and Development, 1(2), 227-248. [CrossRef]

Harris, M., & Pexman, P. M. (2003). Children’s perceptions of the social functions of verbal irony. Discourse Processes, 36(3), 147-165.
[CrossRef] [PubMed]

Katz, A.N., & Lee, C. J. (1993). The role of authorial intent in determining irony and metaphor. Metaphor and Symbolic Activity, 8(4),
257-279. [CrossRef] [PubMed]

Koder, F.,, & Falkum, I. L. (2021). Irony and perspective-taking in children: The roles of norm violations and tone of voice. Frontiers in
Psychology, 12, 624604. [CrossRef] [PubMed]

Lenth, R. (2023). Emmeans: Estimated marginal means, aka least-squares Means. R package version 1.8.5. Available online: https://CRAN.R-
project.org/package=emmeans (accessed on 9 July 2024).

Mewhort-Buist, T. A., & Nilsen, E. S. (2017). Shy individuals” interpretations of counterfactual verbal irony. Metaphor and Symbol, 32(4),
262-275. [CrossRef]

Olkoniemi, H., Halonen, S., Pexman, P. M., & Hiikio, T. (2023). Children’s processing of written irony: An eye-tracking study. Cognition,
238, 105508. [CrossRef] [PubMed]

Olkoniemi, H., Hiikio, T., Merinen, M., Manninen, J., Laine, M., & Pexman, P. M. (2025). Learning irony in school: Effects of
metapragmatic training. Journal of Child Language, 53(3), 633-654. [CrossRef] [PubMed]
Olkoniemi, H., Ranta, H., & Kaakinen, J. K. (2016). Individual differences in the processing of written sarcasm and metaphor: Evidence
from eye movements. Journal of Experimental Psychology: Learning, Memory, and Cognition, 42(3), 433. [CrossRef] [PubMed]
Pexman, P. M. (2008). It’s fascinating research: The cognition of verbal irony. Current Directions in Psychological Science, 17(4), 286-290.
[CrossRef]

Pexman, P. M., Glenwright, M., Krol, A., & James, T. (2005). An acquired taste: Children’s perceptions of humor and teasing in verbal
irony. Discourse Processes, 40(3), 259-288. [CrossRef] [PubMed]

R Core Team. (2021). R: A language and environment for statistical computing. R Foundation for Statistical Computing. Available online:
https:/ /www.R-project.org/ (accessed on 15 April 2022).

https:/ /doi.org/10.3390/bs16071101


https://osf.io/28qyf/overview
https://doi.org/10.1002/aur.1490
https://www.ncbi.nlm.nih.gov/pubmed/25962666
https://doi.org/10.1016/j.jecp.2025.106202
https://www.ncbi.nlm.nih.gov/pubmed/40023054
https://doi.org/10.1037/1089-2680.5.4.323
https://doi.org/10.1007/BF02294361
https://doi.org/10.1017/langcog.2024.53
https://doi.org/10.1080/15248370802247939
https://doi.org/10.1016/j.jml.2016.09.006
https://doi.org/10.1037/a0035658
https://www.ncbi.nlm.nih.gov/pubmed/24548324
https://doi.org/10.1016/j.cognition.2010.06.005
https://www.ncbi.nlm.nih.gov/pubmed/20598677
https://doi.org/10.1111/j.1467-8624.2010.01442.x
https://www.ncbi.nlm.nih.gov/pubmed/20573113
https://doi.org/10.1207/S15327647JCD010204
https://doi.org/10.1207/S15326950DP3603_1
https://www.ncbi.nlm.nih.gov/pubmed/42384079
https://doi.org/10.1207/s15327868ms0804_1
https://www.ncbi.nlm.nih.gov/pubmed/42384079
https://doi.org/10.3389/fpsyg.2021.624604
https://www.ncbi.nlm.nih.gov/pubmed/34149510
https://CRAN.R-project.org/package=emmeans
https://CRAN.R-project.org/package=emmeans
https://doi.org/10.1080/10926488.2017.1384275
https://doi.org/10.1016/j.cognition.2023.105508
https://www.ncbi.nlm.nih.gov/pubmed/37321036
https://doi.org/10.1017/S0305000925000054
https://www.ncbi.nlm.nih.gov/pubmed/39963840
https://doi.org/10.1037/xlm0000176
https://www.ncbi.nlm.nih.gov/pubmed/26371496
https://doi.org/10.1111/j.1467-8721.2008.00591.x
https://doi.org/10.1207/s15326950dp4003_5
https://www.ncbi.nlm.nih.gov/pubmed/42381082
https://www.R-project.org/
https://doi.org/10.3390/bs16071101

Behav. Sci. 2026, 16, 1101 13 of 13

Rozin, P.,, & Royzman, E. B. (2001). Negativity bias, negativity dominance, and contagion. Personality and Social Psychology Review, 5(4),
296-320. [CrossRef] [PubMed]
Sperber, D., & Wilson, D. (1995). Relevance: Communication and cognition (2nd ed.). Blackwell. (Original work published 1986).

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https:/ /doi.org/10.3390/bs16071101


https://doi.org/10.1207/S15327957PSPR0504_2
https://www.ncbi.nlm.nih.gov/pubmed/42368324
https://doi.org/10.3390/bs16071101

	Introduction 
	Processing of Written Irony 
	Ironic Praise and Ironic Criticism 
	Eye-Tracking Studies of Children’s Irony Processing 
	The Current Study 

	Materials and Methods 
	Participants 
	Apparatus 
	Materials 
	Procedure 
	Data Analysis and Preprocessing 

	Results 
	Accuracy Performance 
	Context Region of Eye Tracking 
	Critical Region of Eye Tracking 

	Discussion 
	Accuracy 
	Eye Tracking 
	Theoretical Implications 
	Limitations and Future Directions 

	Conclusions 
	References

