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Abstract 15 

Background: The Stroop effect has been studied mainly with color as the target dimension. 16 

Multistage accounts decompose Stroop interference into task, semantic, and response 17 

conflict, and Stroop facilitation into semantic and response facilitation. This exploratory 18 

study examined whether standard Stroop effects and their components occur when the 19 

target dimension is the physical size of written words. 20 
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Methods: In four experiments, Colombian university students who were native Spanish 21 

speakers (analyzed samples of 39, 39, 39, and 50 participants) named aloud the size, large 22 

or small, of stimuli presented at two letter sizes. Distractors included the size words 23 

GRANDE (large) and PEQUEÑO (small), size-related words (Experiment 1), size 24 

synonyms and antonyms (e.g., ENORME, DIMINUTO) (Experiment 2), words 25 

orthographically and phonologically similar (Experiment 3 and 4) to the response words, 26 

and control stimuli (symbol strings, pseudowords, and size-unrelated words). Vocal reaction 27 

times were analyzed with generalized linear mixed models (Gamma distribution, log link) 28 

and Holm-corrected pairwise comparisons, complemented by delta plots and simulation-29 

based sensitivity analyses. Response types were analyzed with logistic mixed models. 30 

Results: Standard Stroop interference (24 to 37 ms) and standard Stroop facilitation (20 to 31 

36 ms) were observed in all four experiments, and errors were concentrated on incongruent 32 

size words. Interference grew with reaction time, whereas facilitation was present from the 33 

fastest responses. Response conflict and response facilitation were significant only in 34 

Experiment 1. Semantic conflict, semantic facilitation, and task conflict were not detected; 35 

size-unrelated words were not named more slowly than symbol strings. In Experiment 4, 36 

size-related words that resembled the correct response in form were named faster than 37 

words that resembled the opposite response. Each experiment could detect differences of 38 

about 29 to 34 ms with 80% power. 39 

Conclusions: Naming the physical size of written words produces standard Stroop 40 

interference and facilitation. The absence of task conflict and the dominance of form over 41 

meaning are exploratory findings that require confirmation, because the experiments were 42 

not preregistered. 43 
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Keywords: Stroop task; size naming; size words; task conflict; response conflict; vocal 44 

reaction time; Spanish.  45 

 46 

Background 47 

The Stroop task is one of the most widely studied paradigms in psychology (e.g., [1, 48 

2]). In the original task, participants were presented with color words in colors that did not 49 

match their meaning (e.g., the word "red" written in green ink or the word "blue" written in 50 

yellow ink). Participants were then asked to name the color of the word [3, 4]. Reaction 51 

times for naming responses are generally longer in these circumstances than when naming 52 

colors with no-color words (e.g., "house," "dog") or with a string of letters (e.g., 53 

"XXXXX"). This increase in reaction time is also called the "interference Stroop effect." 54 

Conversely, when the word's meaning matches its color, reaction times decrease relative to 55 

neutral trials (e.g., non-color words or letter strings). This is known as the "facilitation 56 

Stroop effect" [5]. 57 

Although most research on the Stroop effect has focused on written color words, the 58 

effect can be viewed more broadly as a task that pits two properties of a word against each 59 

other: first, the material properties of the word as a stimulus, i.e., what is asked to be 60 

named; and second, the meaning of the word. The Stroop task is designed so that the 61 

material property of the word is the "target" dimension while the meaning is the "distractor" 62 

dimension. Consequently, the Stroop effect can be observed in properties other than color. 63 

In the case of written words, the Stroop effect has also been observed with respect to the 64 

spatial position of the word [6, 7], the typeface of word [8], and big letters composed of 65 

small letters [9].  For spoken words, the Stroop effect has been observed in relation to the 66 
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gender of the speaker [10] or the pitch of the stimuli [11]. The Stroop effect has also been 67 

observed in sign language [12] and in musical notes written on a score [13, 14]. 68 

A variant of the Stroop effect is the semantic Stroop effect, in which words whose 69 

meaning is associated with the target dimension are used as distractors. When the target 70 

dimension is color, the congruent condition presents words such as "SKY" in blue or 71 

"GRASS" in green, while the incongruent condition presents words such as "SKY" in 72 

yellow and "GRASS" in red.  Klein [15] first documented a semantic gradient ranging from 73 

meaningless symbols (e.g., an asterisk) to color-related words, then incongruent color-74 

related words, and finally incongruent color words. Reaction times gradually increase along 75 

with this gradient. Several studies have observed interference and facilitation of the 76 

semantic Stroop effect with color-related words (e.g., [5, 16–18]). 77 

The Stroop effect is a phenomenon associated with higher-level cognitive control of 78 

executive functions. It serves to align thought and behavior in the face of salient 79 

environmental distractions or interference [19, 20]. It measures the capacity for cognitive 80 

and motor inhibition, specifically the ability to suppress a dominant, habitual response 81 

(automatic reading) in order to execute an intentional, less automated response (naming the 82 

color) [21–24]. The Stroop task is the paradigmatic test for measuring selective attention. It 83 

assesses a subject's ability to focus their attention on a specific aspect of a stimulus (e.g. ink 84 

color) while ignoring other aspects [24–28]. The task has also been used to study the 85 

automation of word processing and visual text recognition, as well as to analyze whether 86 

semantic activation and access to meaning occur involuntarily and continuously upon mere 87 

visual exposure to the stimulus [2, 23, 29–31]. 88 
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The Stroop interference effect is now considered not a single phenomenon, but a 89 

composite one involving various types of cognitive conflict during stimulus processing. 90 

These conflicts can be evaluated using different tests [16, 20, 22, 32, 33]. According to this 91 

multi-stage perspective, there are three distinct levels of conflict. Figure 1 illustrates the 92 

relationships between these stages, the conditions under which they are measured, and 93 

examples of these conditions. The first stage involves task conflict, arising from the 94 

exogenous activation of the irrelevant reading task, which interferes with the color-naming 95 

task prior to any semantic processing of the word. This is measured by comparing neutral, 96 

non-color-associated words against unreadable letter strings or symbols (e.g. 'DOG' in red 97 

versus 'XXXX' in red). The second stage is semantic conflict, which occurs during the 98 

conceptual encoding stage within the amodal semantic network. It is triggered by the 99 

simultaneous activation of two incompatible color representations. This is isolated by 100 

comparing reaction times for color-associated words that are not part of the direct response 101 

set (e.g. 'SKY' in red versus 'DOG' in red). The final stage, response conflict, arises during 102 

the late phase of motor selection and programming, when the distractor word induces a 103 

response belonging to the set of possible responses, thereby competing with the correct 104 

response. This is calculated by subtracting the reaction time of associated trials from that of 105 

standard incongruent trials (e.g., ‘BLUE’ in red minus ‘SKY’ in red). 106 

From a multi-stage perspective, facilitation is considered a composite phenomenon 107 

resulting from the accumulation of benefits across different stages of information 108 

processing [20, 32, 34]. Overall Stroop facilitation comprises two key informational 109 

components (see Figure 1). First, semantic facilitation consists of the speed increase 110 

resulting from conceptual congruence or association between the relevant dimension and 111 
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the distractor's meaning. This occurs early on when the word activates the corresponding 112 

color concept within the amodal semantic network. Semantic facilitation is assessed by 113 

subtracting the reaction time for a congruent related word from that for a neutral word (e.g., 114 

"DOG" in red minus "SKY" in blue). Second, response facilitation represents the additional 115 

benefit that occurs during the later stages of response selection and production when the 116 

distractor word matches the correct response. Response facilitation is assessed by 117 

subtracting the reaction time for a congruent color word from that for a congruent 118 

associated word (e.g., "SKY" in blue minus "BLUE" in blue). 119 

One material property of words for which the Stroop effect has not been evaluated is 120 

their size. Participants can be asked to name stimuli as large or small while the stimuli are 121 

the words “LARGE” and “SMALL” or words semantically related to size. Moreover, the 122 

multistage perspective has been investigated predominantly with color as the target 123 

dimension, and only a few studies have extended it to other tasks and dimensions, such as 124 

picture–word interference [35], spatial Stroop tasks [36], and Stroop-matching tasks [37]. 125 

The present study has two objectives. The first is to evaluate standard and semantic Stroop 126 

interference and facilitation when the target dimension is the size of written words. The 127 

second is to evaluate whether the components of interference and facilitation proposed by 128 

the multistage perspective are also present with size as the target dimension. The study is 129 

exploratory: the experiments were not preregistered, and each new experiment was 130 

motivated by the results of the previous one. 131 

Methods 132 

This section describes the elements that are common to the reported experiments. 133 
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Participants 134 

The participants in this study were students at a private university in Bogotá, 135 

Colombia.  Ninety percent of them belonged to the psychology program. Before the 136 

experiment began, they read and signed an informed consent form approved by the 137 

institution's Bioethics Committee. Participants under 18 years of age could take part in the 138 

study only if they brought a consent form signed by their parents.  They received monetary 139 

compensation in Colombian pesos, which was approximately equivalent to US $5.60 at the 140 

time of the study, for completing the task. 141 

Design 142 

All experiments had an intra-subject design in which participants were exposed to 143 

seven conditions. The dependent variable was reaction time (RT) to vocally naming the size 144 

of the stimuli. The response set consisted of only two words in Spanish: "grande" (large) 145 

and "pequeño" (small). The independent variable that defined each experiment's conditions 146 

was the relationship between the semantic properties of the distractor and the size of the 147 

stimulus. All experiments included incongruent and congruent size-word conditions. The 148 

control condition of no size-related words was presented in all experiments. The first three 149 

experiments also included control conditions of symbol strings and pseudowords.   150 

The estimates of facilitation and interference depend on the baseline used [38, 39]. 151 

Following Augustinova et al. [32], standard interference was computed against symbol 152 

strings, which carry no readable information, and standard facilitation against size-153 

unrelated words, which share lexical status with the size words but have no size meaning. 154 

Pseudowords are intermediate controls that have a linguistic form but no meaning. We 155 
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therefore also report both effects against every available baseline (symbol strings, 156 

pseudowords, and size-unrelated words). 157 

Sample sizes were not determined by an a priori power analysis. The number of 158 

participants was set to match or exceed that of within-subjects vocal Stroop studies with a 159 

similar number of trials per condition (e.g., Experiment 2 in [32]; [34, 40]). These studies 160 

are cited as references for the design, not for the method of analysis. To establish which 161 

effects our samples could detect, we ran a simulation-based sensitivity analysis [41]. For 162 

each experiment, we simulated data from the final fitted model (see Data Analysis), 163 

keeping the actual number of participants, items, and valid trials, and set a difference of δ 164 

ms between the incongruent size-word condition and the baseline (δ = 15, 25, 35, and 45 165 

ms). Each simulated data set (150 per value of δ) was analyzed with the same model and 166 

the same Holm correction over the 21 pairwise comparisons (α = .05). Power was the 167 

proportion of simulations in which the difference was significant, and the minimum 168 

difference detectable with 80% power was obtained by linear interpolation. The simulations 169 

were run in R with glmmTMB, and the code is available on the Open Science Framework 170 

(OSF). The results are reported at the beginning of the Results section of each experiment. 171 

Instruments and Stimuli 172 

The experiments were conducted in a psychology laboratory. The data were 173 

collected individually. Participants sat in front of a computer monitor approximately 60 cm 174 

away. The computer monitor was 23 inches, with a refresh rate of 60 Hz. The experimental 175 

task was programmed in PsychoPy version 2024.2.1 [42]. The stimuli were symbol strings, 176 

pseudowords, and words in black Arial font, all caps, over a white background. The stimuli 177 

appeared in the center of the screen with a letter height of 100 pixels (large) or 20 pixels 178 
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(small); their width therefore varied with the number of characters. Table 1 lists the stimuli 179 

of each condition in each experiment, the size in which each one was presented, and the 180 

number of presentations per participant. Participants used a headset with a microphone to 181 

record their vocal responses, which were later analyzed. Table 1 also gives the Jaro-Winkler 182 

orthographic distance between each stimulus and the two response words. 183 

Procedure 184 

After signing the informed consent form, each participant was seated in front of a 185 

computer and read the following instructions in Spanish: 186 

In each trial, an object will be presented on the screen. It may be a symbol string or 187 

a word. The objects that will be presented are two sizes: LARGE or SMALL. For 188 

each object, say aloud and as quickly as possible GRANDE (large) or PEQUEÑO 189 

(small) according to its size. Remember to respond as quickly as possible because 190 

this is a reaction time experiment. Press the SPACE key when you are ready to start.  191 

Before starting, the experimenter left the laboratory and left the participants alone 192 

until they finished the experiment. The experimental task was designed to present each 193 

stimulus successively without requiring a response from the participant to advance to the 194 

next trial. The only response participants had to provide was the vocal response to the size 195 

of the stimuli. 196 

There was no practice block. The first ten trials of each participant served as 197 

familiarization and were excluded from all analyses. Because the task did not require a key 198 

press to advance from one trial to the next, engagement was assessed from the responses 199 

themselves. Participants with less than 70% correct responses across the 168 trials were 200 
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excluded: one in Experiment 1, three in Experiment 2, one in Experiment 3, and four in 201 

Experiment 4. Among the remaining participants, the mean percentage of correct responses 202 

ranged from 94.5% to 96.4% across experiments, and no participant fell below 71%. 203 

Each stimulus was presented for 4 s, with an intertrial interval of 0.5 s. Although 204 

this presentation time is longer than is typical in Stroop studies, we did not consider that it 205 

affected participants’ RTs. Naming responses were completed well before the stimulus 206 

disappeared (99% of correct responses occurred within 1,390 ms), so the remaining display 207 

time followed the response and could not affect RT on that trial. Its only consequence was a 208 

response–stimulus interval of about 3 to 4 s. Response–stimulus intervals between 2 and 5 s 209 

do not modulate Stroop interference [43], and only short intervals reduce some of its 210 

components [16]. Moreover, the timing was identical across conditions, so it cannot 211 

account for differences between them. 212 

Each experiment consisted of three blocks of trials. Each block presented eight 213 

stimuli for each of the seven conditions, for a total of 56 trials per block and 168 trials per 214 

experiment. Half of the trials presented large stimuli, and the other half presented small 215 

stimuli. Trials were randomly presented in each block. The experiment lasted about 13 216 

minutes for each participant. 217 

Data Analysis 218 

Responses were classified as correct (the size of the stimulus), errors (the opposite 219 

size), other responses (a word outside the response set or an unrecognizable response), or 220 

missing responses. Their frequencies by condition are reported in the Results of each 221 

experiment. These analyses included all trials after the first ten of each participant. Because 222 

responses were repeated within participants and items, each response type was analyzed at 223 
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the trial level with a logistic mixed model (that response type vs. all others), with condition 224 

as the fixed effect and random intercepts for participants and items, fitted with glmmTMB 225 

[44]. When the model with item intercepts did not converge, only participant intercepts 226 

were kept. The effect of condition was tested with a likelihood-ratio test against a model 227 

without condition. When this test was significant, pairwise comparisons between conditions 228 

are reported as odds ratios (OR) with 95% confidence intervals (CIs) and Holm correction. 229 

In every experiment, the RTs of the conditions were compared. Vocal responses 230 

were recorded at 44.1 kHz during the 2 s following stimulus onset and were analyzed 231 

offline with custom Python scripts (available on OSF). Response onset was determined 232 

with Praat routines run through the Parselmouth library [45]: starting 350 ms after the 233 

beginning of the recording, onset was defined as the first point at which intensity reached 234 

40 dB and was followed by at least 40 ms of continuous voicing (F0 > 60 Hz). When this 235 

criterion failed, onset was taken as the start of the response word estimated by automatic 236 

speech alignment with WhisperX [46]. RT was the time from the beginning of the recording 237 

to response onset; because recording started immediately before the screen refresh that 238 

displayed the stimulus, RTs include a delay of at most one refresh cycle (16.7 ms), which is 239 

constant across conditions. Each response was transcribed with the Google speech 240 

recognition service for Spanish, through the SpeechRecognition library, and matched to the 241 

two response words by approximate string matching (similarity ≥ 85%). Recordings 242 

without recognizable speech were classified as missing responses when their mean energy 243 

was below −35 dB, and as unrecognized responses otherwise. All automatic transcriptions 244 

were subsequently reviewed by the research team. Only correct responses were analyzed, 245 
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after excluding the first ten trials of each participant, which served to learn the two stimulus 246 

sizes, and the few correct responses whose onset could not be detected.  247 

RTs of correct responses were analyzed at the trial level with generalized linear 248 

mixed models (GLMMs) with a Gamma distribution and a log link [47]. The models were 249 

fitted with the glmmTMB package [44] in R (version 4.5.0) [48]. This approach models the 250 

positive skew of RTs without transforming them. It uses every valid trial while taking into 251 

account that trials are nested within participants and items, and it handles the small 252 

differences in the number of trials per condition left by the exclusions. Condition (seven 253 

levels) was the fixed effect. Its overall effect was tested with a Wald χ² test using the car 254 

package [49]. The package versions used were glmmTMB 1.1.14, emmeans 2.0.2, 255 

DHARMa 0.4.7, and car 3.1.5. 256 

For the random effects, we started from the maximal structure justified by the 257 

design [50]: random intercepts and condition slopes for participants, and random intercepts 258 

for items. Slopes were included because participants differ not only in overall speed but 259 

also in the size of their Stroop effects. Item intercepts were included because the words 260 

differ in length, frequency, and form. This model did not converge in Experiments 1 to 3 261 

and, in Experiment 4, it fit worse than the simpler structures (higher Akaike and Bayesian 262 

information criteria, AIC and BIC; Additional file 1: Table S1), so we simplified it as 263 

recommended by Matuschek et al. [51]. The condition slopes were replaced by a random 264 

intercept for each participant-by-condition combination, which captures individual 265 

differences in the effects of condition with a single variance parameter. The final model 266 

was: 267 
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glmmTMB(latency ~ condition + (1 | participant) + (1 | participant:condition) + (1 | 268 

item), family = Gamma(link = "log"), data = data) 269 

In Experiment 2, the participant-by-condition variance was estimated at zero, so that 270 

term was dropped. Model fit was checked with simulated quantile residuals using the 271 

DHARMa package [52]. Dispersion was adequate (1.07–1.12), and the proportion of 272 

outliers was within the expected range. The Kolmogorov–Smirnov tests detected small 273 

deviations from uniformity (D = .040–.050), which are expected with several thousand 274 

observations (Additional file 1: Table S6). Because the study was exploratory, we did not 275 

define a subset of primary contrasts. All 21 pairwise comparisons between conditions were 276 

computed in each experiment with the emmeans package [53] and corrected with the Holm 277 

[54] method. Each difference is reported in milliseconds, back-transformed from the log 278 

scale, with its standard error (SE) and 95% CI. 279 

To check that the conclusions did not depend on the modeling approach, we also ran 280 

a repeated-measures analysis of variance (ANOVA) on each participant's mean RT per 281 

condition, with the Greenhouse–Geisser correction. Additional file 1 also includes these 282 

participant means (Table S8). The ANOVA showed an effect of condition in every 283 

experiment (all ps < .001, η²p = .24–.30), consistent with the GLMM. The full results are in 284 

Additional file 1: Table S7. 285 

To examine how interference and facilitation change across the RT distribution, we 286 

computed delta plots [55]. For each participant and condition, we obtained the .1, .3, .5, .7, 287 

and .9 quantiles of correct RTs and averaged them across participants (Vincentizing) [56]. 288 

At each quantile, the effect (the difference between two conditions) was plotted against the 289 

mean RT of those two conditions (see [57]). 290 
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Generative AI (Claude, Anthropic) was used to assist in writing the analysis and 291 

figure scripts, drafting and editing parts of the manuscript, and formatting the references. 292 

The authors reviewed and verified all outputs and take full responsibility for the content of 293 

this article. 294 

Experiment 1 295 

The objective of the first experiment is to evaluate standard Stroop interference and 296 

facilitation using size words. The experiment will also evaluate semantic Stroop 297 

interference and facilitation using size-related words. 298 

Methods 299 

Participants 300 

40 college students, 25 female (62.5%) and 15 male (37.5%), aged between 16 and 301 

30 years (M = 18.7; SD = 2.2). One participant was excluded for having less than 70% 302 

correct responses (see Procedure), so the analyses included 39 participants. 303 

Design and Stimuli 304 

Participants were exposed to seven conditions (Table 1 lists all stimuli with their 305 

English translations). Three were control conditions: symbol strings, pseudowords, and 306 

words unrelated to size. The other four combined two types of words with two size 307 

relations. Size-related words name objects that are large (MONTAÑA, BALLENA) or 308 

small (HORMIGA, SEMILLA), and size words are the response words themselves 309 

(GRANDE, PEQUEÑO). Both types were presented either in the size that matched their 310 

meaning (congruent) or in the opposite size (incongruent). Control stimuli were presented 311 

equally often in both sizes. 312 
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Results 313 

With 39 participants, Experiment 1 had 80% power to detect differences of about 29 314 

ms between conditions, with Holm correction over the 21 comparisons. Power was .17 for a 315 

difference of 15 ms, .68 for 25 ms, and .96 for 35 ms. 316 

Of the 6,162 trials analyzed, 5,940 (96.4%) were correct, 75 (1.2%) were errors, 39 317 

(0.6%) were other responses, and 108 (1.8%) were missing responses (Table 2). Condition 318 

affected the proportion of errors, χ²(6) = 68.53, p < .001, and of correct responses, χ²(6) = 319 

49.87, p < .001. It did not affect the proportion of missing responses, χ²(6) = 10.21, p = 320 

.116, or of other responses, χ²(6) = 2.34, p = .886. Incongruent size words produced more 321 

errors (42) than every other condition (ORs = 5.5–29.9, all ps < .001), and the remaining 322 

conditions did not differ from each other. Accordingly, correct responses were less frequent 323 

with incongruent size words than with symbol strings, pseudowords, size-unrelated words, 324 

congruent size-related words, and congruent size words (ORs = 0.22–0.42, ps ≤ .003). They 325 

were also less frequent with incongruent size-related words than with congruent size words 326 

(OR = 0.41, p = .048). 327 

The RT analysis included 5,937 correct responses from 39 participants; three correct 328 

responses were excluded because their onset could not be detected. Condition had a reliable 329 

effect on RTs, Wald χ²(6) = 100.60, p < .001. Figure 2 shows the estimated marginal means 330 

with their 95% confidence intervals, and Additional file 1: Table S2 shows the model 331 

parameters. From fastest to slowest, the conditions were congruent size words (M = 649.0 332 

ms, 95% CI [616.3, 683.5]), congruent size-related words (M = 669.9, [636.1, 705.5]), 333 

incongruent size-related words (M = 678.5, [644.3, 714.6]), size-unrelated words (M = 334 

680.0, [645.7, 716.2]), pseudowords (M = 688.9, [654.2, 725.5]), symbol strings (M = 335 
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695.4, [660.4, 732.4]), and incongruent size words (M = 719.0, [682.7, 757.3]). In the 336 

following paragraphs, p values are Holm-corrected across the 21 pairwise comparisons, and 337 

confidence intervals are unadjusted. 338 

Standard Stroop interference was observed: incongruent size words were named 339 

more slowly than symbol strings (Δ = 23.6 ms, SE = 7.8, z = 3.02, p = .028, 95% CI [8.3, 340 

38.9]). Interference was also present against the other two baselines: incongruent size 341 

words were slower than pseudowords (Δ = 30.1 ms, SE = 7.8, z = 3.86, p = .001, 95% CI 342 

[14.8, 45.3]) and size-unrelated words (Δ = 39.0 ms, SE = 7.8, z = 5.00, p < .001, 95% CI 343 

[23.7, 54.2]; Table 3). Of its three components, only response conflict was significant: 344 

incongruent size words were slower than incongruent size-related words (Δ = 40.5 ms, SE = 345 

7.8, z = 5.18, p < .001, 95% CI [25.2, 55.8]). Semantic conflict, the difference between 346 

incongruent size-related words and size-unrelated words, was not significant (Δ = −1.5 ms, 347 

SE = 7.4, z = −0.20, p = .990, 95% CI [−16.1, 13.1]). Task conflict was not significant 348 

either, and its direction was opposite to that expected: size-unrelated words were named 349 

faster than symbol strings (Δ = −15.4 ms, SE = 7.5, z = −2.05, p = .282, 95% CI [−30.1, 350 

−0.7]). 351 

Standard Stroop facilitation was observed: congruent size words were named faster 352 

than size-unrelated words (Δ = 31.0 ms, SE = 7.3, z = 4.25, p < .001, 95% CI [16.7, 45.3]). 353 

Facilitation was also present against pseudowords (Δ = 39.9 ms, SE = 7.3, z = 5.43, p < 354 

.001, 95% CI [25.5, 54.3]) and symbol strings (Δ = 46.4 ms, SE = 7.4, z = 6.27, p < .001, 355 

95% CI [31.9, 60.9]; Table 3), so the standard effects did not depend on the choice of 356 

baseline. Response facilitation was significant: congruent size words were faster than 357 

congruent size-related words (Δ = 20.8 ms, SE = 7.2, z = 2.89, p = .039, 95% CI [6.7, 358 
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35.0]). Semantic facilitation, the difference between size-unrelated words and congruent 359 

size-related words, was not significant (Δ = 10.1 ms, SE = 7.4, z = 1.37, p = .990, 95% CI 360 

[−4.3, 24.6]). 361 

Figure 3 shows the delta plots of standard interference and facilitation. Interference 362 

was absent in the fastest responses (−8.0 ms at the .1 quantile, 95% CI [−27.1, 11.1]) and 363 

increased steadily across the distribution, reaching 57.5 ms at the .9 quantile ([16.9, 98.1]). 364 

Facilitation, in contrast, was already present in the fastest responses (26.1 ms at the .1 365 

quantile, [11.0, 41.2]) and remained roughly constant between 36 and 40 ms in the 366 

remaining quantiles. Thus, the interference produced by incongruent size words emerged 367 

only in slower responses, whereas the benefit of congruent size words affected responses of 368 

all speeds. 369 

The size-related words did not produce semantic effects. As reported above, 370 

incongruent size-related words were not slower than size-unrelated words, and congruent 371 

size-related words were not faster than them. Compared with the other controls, congruent 372 

size-related words were faster than symbol strings (Δ = 25.5 ms, SE = 7.5, z = 3.42, p = 373 

.008, 95% CI [10.9, 40.2]) but not than pseudowords (Δ = 19.0 ms, SE = 7.4, z = 2.56, p = 374 

.094, 95% CI [4.5, 33.6]), and incongruent size-related words did not differ from symbol 375 

strings (Δ = 16.9 ms, SE = 7.5, z = 2.25, p = .198, 95% CI [2.2, 31.6]) or pseudowords (Δ = 376 

10.4 ms, SE = 7.5, z = 1.39, p = .990, 95% CI [−4.3, 25.0]). The two size-related conditions 377 

did not differ from each other (Δ = 8.6 ms, SE = 7.4, z = 1.17, p = .990, 95% CI [−5.9, 378 

23.1]). Both differed from the standard condition of the opposite relation: incongruent size-379 

related words were slower than congruent size words (Δ = 29.5 ms, SE = 7.3, z = 4.04, p < 380 

.001, 95% CI [15.2, 43.8]), and congruent size-related words were faster than incongruent 381 
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size words (Δ = 49.1 ms, SE = 7.8, z = 6.32, p < .001, 95% CI [33.9, 64.3]). However, they 382 

also differed from the standard condition with the same relation, as shown by the 383 

significant response conflict and response facilitation. Thus, size-related words behaved 384 

like the control conditions: their RTs fell between those of the two size-word conditions and 385 

did not depend on whether their meaning matched the presented size. The difference 386 

between congruent size-related words and symbol strings probably reflects the faster 387 

naming of words relative to symbol strings, because size-unrelated words were also 388 

numerically faster than symbol strings, rather than a semantic effect. 389 

Experiment 1 showed that the Stroop effect occurs when the target dimension is the 390 

size of words: incongruent size words slowed size naming, and congruent size words 391 

speeded it. Both effects were accompanied by response-level components (response 392 

conflict and response facilitation). In contrast, size-related words produced no semantic 393 

effects: they did not differ from size-unrelated words or from each other, regardless of 394 

whether their meaning matched the presented size, and they differed from the size words of 395 

both relations. Semantic conflict, semantic facilitation, and task conflict were therefore not 396 

observed. These null results must be interpreted with caution. They were smaller than the 397 

minimum difference this experiment could detect with 80% power (about 29 ms), so it 398 

cannot be concluded that these components are absent with size; they were simply not 399 

detected with this sample and these data. To increase the potential semantic effects, the 400 

following experiment used synonyms and antonyms of the response words. In languages 401 

such as Spanish and English, finding synonyms or antonyms for color words is difficult, 402 

whereas it is easy for the words “large” and “small.” The following experiment evaluates 403 

this idea. 404 
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Experiment 2 405 

Like Experiment 1, Experiment 2 has seven conditions, although the congruent and 406 

incongruent size-related word conditions were replaced with size synonym and size 407 

antonym conditions, respectively. The idea is that size-synonyms would produce a semantic 408 

facilitation effect while size-antonyms would produce semantic interference. Two Spanish 409 

words synonymous with “grande” (large) were chosen as antonyms of “pequeño” (small), 410 

and two words synonymous with “pequeño” were chosen as antonyms of “grande”. The 411 

words were either synonyms or antonyms with respect to the size presented, which 412 

participants had to identify. The other five conditions were the same as in the previous 413 

experiment. 414 

Methods 415 

Participants 416 

The participants were 42 college students, 27 of whom were female (64.3%), 14 417 

male (33.3%), and 1 non-binary (2.4%). The participants' ages ranged from 17 to 29 years 418 

(M = 18.9; SD = 2.0). Three participants were excluded for having less than 70% correct 419 

responses (see Procedure), so the analyses included 39 participants. 420 

Design and Stimuli 421 

The three control conditions and the congruent and incongruent size-word 422 

conditions of Experiment 1 were retained. The size-related words were replaced by 423 

synonyms of the two response words (ENORME and GIGANTE for GRANDE; 424 

MINÚSCULO and DIMINUTO for PEQUEÑO). Presented in the size they denote, these 425 

words were synonyms of the correct response (size synonyms); presented in the opposite 426 

size, they were antonyms of it (size antonyms; Table 1). 427 
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Results 428 

With 39 participants, Experiment 2 had 80% power to detect differences of about 29 429 

ms. Power was .16 for 15 ms, .71 for 25 ms, and .95 for 35 ms. 430 

Of the 6,162 trials analyzed, 5,825 (94.5%) were correct, 39 (0.6%) were errors, 92 431 

(1.5%) were other responses, and 206 (3.3%) were missing responses (Table 4). Condition 432 

affected the proportion of errors, χ²(6) = 54.35, p < .001, and of correct responses, χ²(6) = 433 

27.69, p < .001. It did not affect missing responses, χ²(6) = 7.80, p = .253, or other 434 

responses, χ²(6) = 4.66, p = .588. Incongruent size words produced more errors (29) than 435 

size antonyms, symbol strings, pseudowords, size-unrelated words, and congruent size 436 

words (ORs = 8.1–33.5, ps ≤ .011). Size synonyms produced no errors, so their comparison 437 

could not be estimated. Correct responses were less frequent with incongruent size words 438 

than with symbol strings, pseudowords, size synonyms, and congruent size words (ORs = 439 

0.37–0.53, ps ≤ .026). 440 

The RT analysis included 5,819 correct responses from 39 participants; six correct 441 

responses were excluded because their onset could not be detected. Condition had a reliable 442 

effect on RTs, Wald χ²(6) = 72.88, p < .001. Figure 4 shows the estimated marginal means 443 

with their 95% confidence intervals, and Additional file 1: Table S3 shows the model 444 

parameters. From fastest to slowest, the conditions were congruent size words (M = 672.6 445 

ms, 95% CI [638.0, 709.2]), size synonyms (M = 690.2, [654.7, 727.8]), size-unrelated 446 

words (M = 693.0, [657.3, 730.7]), symbol strings (M = 698.5, [662.5, 736.5]), 447 

pseudowords (M = 704.9, [668.6, 743.3]), size antonyms (M = 709.5, [672.9, 748.1]), and 448 

incongruent size words (M = 730.3, [692.6, 770.1]). As in Experiment 1, p values are 449 
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Holm-corrected across the 21 pairwise comparisons, and confidence intervals are 450 

unadjusted. 451 

Standard Stroop interference was observed: incongruent size words were named 452 

more slowly than symbol strings (Δ = 31.8 ms, SE = 7.5, z = 4.25, p < .001, 95% CI [17.1, 453 

46.4]). Interference was also significant against pseudowords (Δ = 25.3 ms, SE = 7.5, z = 454 

3.38, p = .010, 95% CI [10.6, 40.1]) and size-unrelated words (Δ = 37.2 ms, SE = 7.5, z = 455 

4.99, p < .001, 95% CI [22.6, 51.9]; Table 3). None of its components reached significance. 456 

In this experiment, size antonyms took the place of incongruent size-related words. 457 

Response conflict, the difference between incongruent size words and size antonyms, was 458 

not significant (Δ = 20.8 ms, SE = 7.5, z = 2.76, p = .070, 95% CI [6.0, 35.6]). Semantic 459 

conflict, the difference between size antonyms and size-unrelated words, was not 460 

significant either (Δ = 16.5 ms, SE = 7.3, z = 2.27, p = .210, 95% CI [2.2, 30.7]). Task 461 

conflict, the difference between size-unrelated words and symbol strings, was again 462 

negative (Δ = −5.5 ms, SE = 7.2, z = −0.76, p = 1.000, 95% CI [−19.5, 8.5]). 463 

Standard Stroop facilitation was observed: congruent size words were named faster 464 

than size-unrelated words (Δ = 20.4 ms, SE = 7.0, z = 2.91, p = .047, 95% CI [6.7, 34.1]). 465 

Facilitation was also significant against pseudowords (Δ = 32.3 ms, SE = 7.1, z = 4.53, p < 466 

.001, 95% CI [18.3, 46.3]) and symbol strings (Δ = 25.9 ms, SE = 7.1, z = 3.66, p = .004, 467 

95% CI [12.0, 39.7]). Neither of its components was significant. Response facilitation, the 468 

difference between size synonyms and congruent size words, was 17.6 ms (SE = 7.0, z = 469 

2.52, p = .116, 95% CI [3.9, 31.3]). Semantic facilitation, the difference between size-470 

unrelated words and size synonyms, was practically zero (Δ = 2.8 ms, SE = 7.1, z = 0.40, p 471 

= 1.000, 95% CI [−11.1, 16.7]). 472 
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Figure 5 shows the delta plots. The pattern was the same as in Experiment 1. 473 

Interference was absent in the fastest responses (−2.4 ms at the .1 quantile, 95% CI [−16.5, 474 

11.7]) and increased steadily to 80.7 ms at the .9 quantile ([40.3, 121.1]). Facilitation was 475 

present from the fastest responses (22.3 ms, [8.7, 35.9]) and remained between 22 and 29 476 

ms across the distribution, although its confidence interval included zero at the .9 quantile. 477 

Size synonyms and antonyms shifted RTs in the expected directions, but by less than 478 

the minimum effect this experiment could detect. As reported above, neither differed 479 

significantly from size-unrelated words: size antonyms were 16.5 ms slower and size 480 

synonyms 2.8 ms faster. They did not differ from the other controls either: size antonyms 481 

did not differ from symbol strings (Δ = 11.0 ms, SE = 7.3, z = 1.51, p = .790, 95% CI [−3.3, 482 

25.3]) or pseudowords (Δ = 4.6 ms, SE = 7.3, z = 0.62, p = 1.000, 95% CI [−9.8, 18.9]), and 483 

size synonyms did not differ from symbol strings (Δ = 8.3 ms, SE = 7.1, z = 1.16, p = 484 

1.000, 95% CI [−5.7, 22.2]) or pseudowords (Δ = 14.7 ms, SE = 7.2, z = 2.05, p = .323, 485 

95% CI [0.6, 28.8]). Size antonyms were slower than size synonyms, but the difference was 486 

not significant (Δ = 19.3 ms, SE = 7.2, z = 2.66, p = .085, 95% CI [5.1, 33.4]). Each 487 

condition differed from the standard condition of the opposite relation: size antonyms were 488 

slower than congruent size words (Δ = 36.9 ms, SE = 7.2, z = 5.12, p < .001, 95% CI [22.8, 489 

50.9]), and size synonyms were faster than incongruent size words (Δ = 40.0 ms, SE = 7.4, 490 

z = 5.38, p < .001, 95% CI [25.5, 54.6]). In contrast, neither differed significantly from the 491 

standard condition with the same relation, as shown by the non-significant response conflict 492 

and response facilitation. Thus, synonyms and antonyms were closer to the size word with 493 

the same relation than to the size word with the opposite relation. This pattern suggests a 494 
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small semantic effect that drew each condition toward the size word it shared its relation 495 

with, although the effect could not be detected against the control conditions. 496 

Experiment 2 replicated standard Stroop interference and facilitation with size 497 

words. Size synonyms and antonyms produced a pattern compatible with a small semantic 498 

effect: each differed from the size word of the opposite relation but not from the size word 499 

with the same relation, and antonyms were numerically slower than synonyms. However, 500 

neither condition differed from the control conditions, so semantic conflict and semantic 501 

facilitation were not detected, and no component of interference or facilitation reached 502 

significance. Response conflict (20.8 ms), semantic conflict (16.5 ms), and response 503 

facilitation (17.6 ms) were all below the minimum difference this experiment could detect 504 

with 80% power (about 29 ms). Therefore, these components cannot be considered absent; 505 

they were not detected with this sample and these data. As in Experiment 1, the difference 506 

between size-unrelated words and symbol strings went in the direction opposite to task 507 

conflict, although it was not significant. 508 

Experiment 3 509 

Some studies have demonstrated facilitation and interference effects due to the 510 

orthographic and phonological similarities between the stimulus and response sets of words 511 

(e.g., [58, 59]). In this study, we tested this effect using size words. As in Experiments 1 512 

and Experiment 2, this experiment includes seven conditions. However, we replaced the 513 

size-synonyms and antonyms conditions from Experiment 2 with two conditions of words 514 

similar orthographically and phonologically to the size words, but are either congruent or 515 

incongruent with that size. We selected two Spanish words that are similar to GRANDE 516 

(big) and two that are similar to PEQUEÑO (small). The condition was considered 517 
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congruent when the words were similar to the one corresponding to the size to be named; 518 

and incongruent when the size was the opposite. The other five conditions from Experiment 519 

1 and Experiment 2 were retained. 520 

Methods 521 

Participants 522 

The participants were 40 college students, 25 female (62.5%) and 15 male (37.5%). 523 

Ages ranged from 17 to 25 years (M = 20.3; SD = 2.0). One participant was excluded for 524 

having less than 70% correct responses (see Procedure), so the analyses included 39 525 

participants. 526 

Design and Stimuli 527 

The three control conditions and the two size-word conditions were retained. The 528 

two new conditions used words without size meaning that resemble one of the response 529 

words in spelling and sound: GRACIAS and GRANUJA resemble GRANDE, and 530 

PAQUETE and PECADO resemble PEQUEÑO. These words were presented either in the 531 

size named by the response word they resemble (congruent similar) or in the opposite size 532 

(incongruent similar; Table 1). 533 

In this experiment, the stimuli for the size-unrelated words condition were changed 534 

to observe whether the behavior of this condition was dependent on the stimuli used in 535 

previous experiments. The words that comprised this condition in this experiment and the 536 

following one were: “NÚMERO”, “CALIDAD”, “ESTILO”, and “RELATO” (“number”, 537 

“quality”, “style”, and “story”).  538 
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Results 539 

With 39 participants, Experiment 3 had 80% power to detect differences of about 30 540 

ms. Power was .22 for 15 ms, .65 for 25 ms, and .96 for 35 ms. 541 

Of the 6,162 trials analyzed, 5,906 (95.8%) were correct, 32 (0.5%) were errors, 85 542 

(1.4%) were other responses, and 139 (2.3%) were missing responses (Table 5). Condition 543 

affected errors, χ²(6) = 67.36, p < .001; correct responses, χ²(6) = 21.08, p = .002; and 544 

missing responses, χ²(6) = 13.22, p = .040. It did not affect other responses, χ²(6) = 8.27, p 545 

= .219. Incongruent size words produced 25 errors, compared with one or two in each of 546 

the other conditions (ORs = 13.0–26.2, ps ≤ .028). Correct responses were less frequent 547 

with incongruent size words than with congruent size words (OR = 0.41, p = .006) and 548 

congruent similar words (OR = 0.45, p = .018). For missing responses, no pairwise 549 

comparison remained significant after Holm correction. 550 

The RT analysis included 5,904 correct responses from 39 participants; two correct 551 

responses were excluded because their onset could not be detected. Condition had a reliable 552 

effect on RTs, Wald χ²(6) = 102.48, p < .001. Figure 6 shows the estimated marginal means 553 

with their 95% confidence intervals, and Additional file 1: Table S4 shows the model 554 

parameters. From fastest to slowest, the conditions were congruent size words (M = 669.5 555 

ms, 95% CI [640.3, 700.1]), size-unrelated words (M = 698.4, [667.9, 730.3]), congruent 556 

similar words (M = 701.0, [670.3, 733.0]), pseudowords (M = 709.5, [678.5, 742.0]), 557 

incongruent similar words (M = 710.4, [679.3, 742.9]), symbol strings (M = 712.9, [681.7, 558 

745.5]), and incongruent size words (M = 741.2, [708.8, 775.2]). As in the previous 559 

experiments, p values are Holm-corrected across the 21 pairwise comparisons, and 560 

confidence intervals are unadjusted. 561 
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Standard Stroop interference was observed: incongruent size words were named 562 

more slowly than symbol strings (Δ = 28.3 ms, SE = 7.6, z = 3.73, p = .002, 95% CI [13.5, 563 

43.2]). Interference was also significant against pseudowords (Δ = 31.7 ms, SE = 7.6, z = 564 

4.18, p < .001, 95% CI [16.9, 46.6]) and size-unrelated words (Δ = 42.8 ms, SE = 7.6, z = 565 

5.67, p < .001, 95% CI [28.0, 57.6]; Table 3). Because this experiment did not include size-566 

related words, semantic conflict and response conflict could not be estimated as defined by 567 

Augustinova et al. [32]. Task conflict, the difference between size-unrelated words and 568 

symbol strings, was again negative and not significant (Δ = −14.5 ms, SE = 7.3, z = −1.99, 569 

p = .468, 95% CI [−28.8, −0.2]). 570 

Standard Stroop facilitation was observed: congruent size words were named faster 571 

than size-unrelated words (Δ = 28.9 ms, SE = 7.1, z = 4.08, p < .001, 95% CI [15.0, 42.7]). 572 

Facilitation was also significant against pseudowords (Δ = 40.0 ms, SE = 7.2, z = 5.59, p < 573 

.001, 95% CI [26.0, 54.0]) and symbol strings (Δ = 43.4 ms, SE = 7.2, z = 6.03, p < .001, 574 

95% CI [29.3, 57.5]). For the same reason as above, semantic facilitation and response 575 

facilitation could not be estimated. 576 

Figure 7 shows the delta plots. As in the previous experiments, interference was 577 

absent in the fastest responses (−3.9 ms at the .1 quantile, 95% CI [−20.7, 12.9]) and 578 

increased steadily to 73.7 ms at the .9 quantile ([35.3, 112.1]). Facilitation was small in the 579 

fastest responses (13.1 ms, [−1.5, 27.7]) and grew moderately across the distribution, 580 

reaching 44.8 ms at the .9 quantile ([13.1, 76.5]). In this experiment, therefore, facilitation 581 

also increased with response time, although less steeply than interference. 582 

Words orthographically and phonologically similar to the response words produced 583 

neither conflict nor facilitation. Incongruent similar words did not differ from size-584 
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unrelated words (Δ = 12.0 ms, SE = 7.3, z = 1.64, p = .913, 95% CI [−2.4, 26.3]), and 585 

congruent similar words were not faster than size-unrelated words (Δ = −2.6 ms, SE = 7.2, 586 

z = −0.36, p = 1.000, 95% CI [−16.7, 11.6]). Neither condition differed from the other 587 

controls: congruent similar words did not differ from symbol strings (Δ = 11.9 ms, SE = 588 

7.3, z = 1.63, p = .913, 95% CI [−2.4, 26.2]) or pseudowords (Δ = 8.6 ms, SE = 7.3, z = 589 

1.18, p = 1.000, 95% CI [−5.7, 22.8]), and incongruent similar words did not differ from 590 

symbol strings (Δ = 2.5 ms, SE = 7.4, z = 0.34, p = 1.000, 95% CI [−12.0, 17.0]) or 591 

pseudowords (Δ = 0.8 ms, SE = 7.4, z = 0.11, p = 1.000, 95% CI [−13.6, 15.3]). The two 592 

similar-word conditions did not differ from each other (Δ = 9.4 ms, SE = 7.3, z = 1.28, p = 593 

1.000, 95% CI [−5.0, 23.8]). Both differed from the size words of either relation: 594 

incongruent size words were slower than incongruent similar words (Δ = 30.9 ms, SE = 7.6, 595 

z = 4.05, p < .001, 95% CI [15.9, 45.8]) and congruent similar words (Δ = 40.3 ms, SE = 596 

7.6, z = 5.33, p < .001, 95% CI [25.5, 55.1]), and congruent size words were faster than 597 

congruent similar words (Δ = 31.5 ms, SE = 7.1, z = 4.44, p < .001, 95% CI [17.6, 45.4]) 598 

and incongruent similar words (Δ = 40.9 ms, SE = 7.2, z = 5.67, p < .001, 95% CI [26.7, 599 

55.0]). In short, the two size-word conditions differed from all the other conditions, 600 

whereas none of the other five conditions differed from each other. Words that only 601 

resemble the response words behaved like the control conditions. 602 

Experiment 3 again showed standard Stroop interference and facilitation, of similar 603 

magnitude to those of the previous experiments. Words orthographically and 604 

phonologically similar to GRANDE or PEQUEÑO, but unrelated to size, produced neither 605 

conflict nor facilitation: they did not differ from the control conditions or from each other, 606 

and they differed from the size words of both relations. However, the largest of these 607 
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differences (9 to 12 ms) were well below the minimum difference this experiment could 608 

detect with 80% power (about 30 ms), so an effect of orthographic and phonological 609 

similarity cannot be ruled out; it was not detected with this sample and these data. The 610 

control conditions showed the same order as in Experiment 1, with symbol strings slowest 611 

and size-unrelated words fastest. The difference between size-unrelated words and symbol 612 

strings again went in the direction opposite to task conflict, even though the size-unrelated 613 

words were different from those of Experiments 1 and 2. This suggests that this pattern 614 

does not depend on the specific words used. 615 

Experiment 4 616 

In Experiment 3, words that are similar orthographically and phonologically to the 617 

size words were used, although without any semantic relationship to size. The effect on RTs 618 

was very small. This experiment explores the combined effect of orthographic and 619 

phonological similarity with the semantic relationship of the words to the sizes. This 620 

combined effect yields four new related word conditions that are either similar or dissimilar 621 

in terms of orthography and phonology, and can be either congruent or incongruent with 622 

respect to stimulus size. Seven conditions were maintained for this experiment to avoid 623 

making the task longer than in the previous experiments. To achieve this, two of the control 624 

conditions were removed: symbol strings and pseudowords, retaining only size-unrelated 625 

words. This condition was kept instead of the symbol strings because the latter tended to 626 

produce longer RTs, much closer to the incongruent size words. The congruent and 627 

incongruent size word conditions were also retained. 628 
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Methods 629 

Participants 630 

Fifty-four college students participated, 37 female (68.5%) and 17 male (31.5%). 631 

Ages ranged from 18 to 33 years (M = 20.9; SD = 2.5). Four participants were excluded for 632 

having less than 70% correct responses (see Procedure), so the analyses included 50 633 

participants. 634 

Design and Stimuli 635 

Size-unrelated words and congruent and incongruent size words were retained. The 636 

four new conditions used size-related words that resemble one of the response words in 637 

spelling and sound. In two pairs, meaning and form point to the same size: GRUESO and 638 

GRANJA are large and resemble GRANDE, and PICADURA and POQUITO are small and 639 

resemble PEQUEÑO. In the other two pairs, meaning and form point to opposite sizes: 640 

GRAMO and GRANADA are small but resemble GRANDE, and PAQUIDERMO and 641 

PAQUETÓN are large but resemble PEQUEÑO. Each trial was classified by two features: 642 

whether the word resembled the correct response (similar) or the opposite response 643 

(dissimilar), and whether its size meaning matched the presented size (congruent) or not 644 

(incongruent). Each word therefore appeared in two conditions, depending on the size in 645 

which it was presented (Table 1). 646 

Results 647 

With 50 participants, Experiment 4 had 80% power to detect differences of about 34 648 

ms. Power was .21 for 15 ms, .46 for 25 ms, and .85 for 35 ms. 649 

Of the 7,900 trials analyzed, 7,483 (94.7%) were correct, 82 (1.0%) were errors, 70 650 

(0.9%) were other responses, and 265 (3.4%) were missing responses (Table 6). Condition 651 
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affected errors, χ²(6) = 74.74, p < .001, and correct responses, χ²(6) = 49.15, p < .001. It did 652 

not affect missing responses, χ²(6) = 5.99, p = .424, or other responses, χ²(6) = 3.97, p = 653 

.680. Incongruent size words produced more errors (50) than every other condition (ORs = 654 

6.5–29.7, all ps < .001), and fewer correct responses (ORs = 0.31–0.55, ps ≤ .036). 655 

The RT analysis included 7,482 correct responses from 50 participants; one correct 656 

response was excluded because its onset could not be detected. Condition had a reliable 657 

effect on RTs, Wald χ²(6) = 149.21, p < .001. Figure 8 shows the estimated marginal means 658 

with their 95% confidence intervals, and Additional file 1: Table S5 shows the model 659 

parameters. From fastest to slowest, the conditions were congruent size words (M = 662.3 660 

ms, 95% CI [630.3, 695.9]), similar congruent words (M = 683.1, [650.8, 717.0]), similar 661 

incongruent words (M = 685.7, [653.3, 719.7]), size-unrelated words (M = 698.4, [665.4, 662 

733.1]), dissimilar incongruent words (M = 711.3, [677.7, 746.7]), dissimilar congruent 663 

words (M = 712.5, [678.8, 747.8]), and incongruent size words (M = 735.4, [699.8, 772.8]). 664 

As in the previous experiments, p values are Holm-corrected across the 21 pairwise 665 

comparisons, and confidence intervals are unadjusted. 666 

Because this experiment did not include symbol strings or pseudowords, standard 667 

interference was estimated against size-unrelated words, the only control condition. 668 

Incongruent size words were named more slowly than size-unrelated words (Δ = 37.0 ms, 669 

SE = 9.7, z = 3.83, p = .002, 95% CI [18.0, 55.9]; Table 3). Dissimilar incongruent words, 670 

whose meaning and form both point to the opposite response, took the place of incongruent 671 

size-related words. Response conflict, the difference between incongruent size words and 672 

dissimilar incongruent words, was not significant (Δ = 24.0 ms, SE = 9.7, z = 2.47, p = 673 

.122, 95% CI [5.0, 43.1]). Semantic conflict, the difference between dissimilar incongruent 674 
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words and size-unrelated words, was not significant either (Δ = 12.9 ms, SE = 8.6, z = 1.50, 675 

p = .526, 95% CI [−3.9, 29.8]). Task conflict could not be estimated. 676 

Standard Stroop facilitation was observed: congruent size words were named faster 677 

than size-unrelated words (Δ = 36.1 ms, SE = 9.0, z = 4.00, p < .001, 95% CI [18.4, 53.8]). 678 

Similar congruent words, whose meaning and form both point to the correct response, took 679 

the place of congruent size-related words. Response facilitation, the difference between 680 

similar congruent words and congruent size words, was not significant (Δ = 20.7 ms, SE = 681 

8.9, z = 2.33, p = .147, 95% CI [3.3, 38.2]). Semantic facilitation, the difference between 682 

size-unrelated words and similar congruent words, was not significant either (Δ = 15.3 ms, 683 

SE = 8.4, z = 1.82, p = .409, 95% CI [−1.1, 31.8]). 684 

Figure 9 shows the delta plots, with interference computed against size-unrelated 685 

words. Interference was again absent in the fastest responses (3.6 ms at the .1 quantile, 95% 686 

CI [−18.5, 25.7]) and increased to 75.0 ms at the .9 quantile ([44.9, 105.1]). Facilitation 687 

was present from the fastest responses (27.3 ms, [11.1, 43.5]) and increased to 54.5 ms at 688 

the .9 quantile ([26.9, 82.1]). As in Experiment 3, facilitation grew with response time, 689 

although interference was the effect most dependent on response speed. 690 

None of the four new conditions differed from size-unrelated words. Besides the 691 

semantic conflict and facilitation reported above, similar incongruent words did not differ 692 

from size-unrelated words (Δ = 12.7 ms, SE = 8.4, z = 1.51, p = .526, 95% CI [−3.8, 29.2]), 693 

and neither did dissimilar congruent words (Δ = 14.0 ms, SE = 8.6, z = 1.64, p = .510, 95% 694 

CI [−2.8, 30.9]). Among the four new conditions, all comparisons between dissimilar and 695 

similar words were significant: dissimilar incongruent vs. similar congruent (Δ = 28.3 ms, 696 

SE = 6.8, z = 4.18, p < .001, 95% CI [15.0, 41.5]), dissimilar congruent vs. similar 697 
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incongruent (Δ = 26.7 ms, SE = 6.7, z = 3.97, p = .001, 95% CI [13.5, 40.0]), dissimilar 698 

congruent vs. similar congruent (Δ = 29.4 ms, SE = 8.5, z = 3.45, p = .007, 95% CI [12.7, 699 

46.1]), and dissimilar incongruent vs. similar incongruent (Δ = 25.6 ms, SE = 8.5, z = 3.00, 700 

p = .030, 95% CI [8.9, 42.4]). In contrast, congruent and incongruent words did not differ 701 

when they had the same form: similar congruent vs. similar incongruent (Δ = 2.6 ms, SE = 702 

8.3, z = 0.32, p = 1.000, 95% CI [−13.7, 19.0]) and dissimilar congruent vs. dissimilar 703 

incongruent (Δ = 1.1 ms, SE = 8.7, z = 0.13, p = 1.000, 95% CI [−15.9, 18.1]). Similar 704 

words differed from incongruent size words (similar congruent: Δ = 52.3 ms, SE = 9.6, z = 705 

5.44, p < .001, 95% CI [33.5, 71.2]; similar incongruent: Δ = 49.7 ms, SE = 9.6, z = 5.16, p 706 

< .001, 95% CI [30.8, 68.5]) but not from congruent size words (similar incongruent: Δ = 707 

23.4 ms, SE = 8.9, z = 2.62, p = .087, 95% CI [5.9, 40.9]; for similar congruent, see 708 

response facilitation). Conversely, dissimilar words differed from congruent size words 709 

(dissimilar congruent: Δ = 50.1 ms, SE = 9.1, z = 5.49, p < .001, 95% CI [32.2, 68.0]; 710 

dissimilar incongruent: Δ = 49.0 ms, SE = 9.1, z = 5.36, p < .001, 95% CI [31.1, 66.9]) but 711 

not from incongruent size words (dissimilar congruent: Δ = 22.9 ms, SE = 9.7, z = 2.36, p = 712 

.147, 95% CI [3.9, 42.0]; for dissimilar incongruent, see response conflict). Thus, RTs for 713 

these words depended on whether their form resembled the correct or the opposite 714 

response, by about 26 to 29 ms, and not on whether their size meaning matched the 715 

presented size: words that resembled the correct response grouped with congruent size 716 

words, and words that resembled the opposite response grouped with incongruent size 717 

words. 718 

Although congruence produced no significant differences, the congruent conditions 719 

occupied the extremes of the four new conditions: similar congruent words were the fastest 720 
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and dissimilar congruent words the slowest. Consequently, the effect of form was slightly 721 

larger for congruent words (29.4 ms) than for incongruent words (25.6 ms), but this 722 

difference was far from significant (interaction contrast, unadjusted: Δ = 3.8 ms, SE = 14.1, 723 

z = 0.27, p = .790, 95% CI [−23.9, 31.4]). If confirmed, it would suggest that a size 724 

meaning that matches the presented size does not act as an independent source of 725 

facilitation but slightly amplifies the effect of form, whichever response the form points to. 726 

Experiment 4 replicated standard Stroop interference and facilitation, both measured 727 

against size-unrelated words. When size meaning and orthographic and phonological 728 

similarity were combined, form prevailed over meaning. Words that resembled the correct 729 

response were named about 26 to 29 ms faster than words that resembled the opposite 730 

response, regardless of their size meaning, and they did not differ from congruent size 731 

words, whereas words that resembled the opposite response did not differ from incongruent 732 

size words. Size meaning made no detectable difference once form was held constant; 733 

congruent words were only slightly more extreme than incongruent words, a difference that 734 

was not significant. This contrasts with Experiment 3, in which similarity alone, without 735 

size meaning, produced no reliable effect. Response conflict (24.0 ms), response facilitation 736 

(20.7 ms), semantic conflict (12.9 ms), and semantic facilitation (15.3 ms) were not 737 

significant. All were below the minimum difference this experiment could detect with 80% 738 

power (about 34 ms), so they cannot be considered absent; they were not detected with this 739 

sample and these data. 740 
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Discussion 741 

Summary of Findings 742 

Across four experiments, participants named the physical size of written words 743 

whose meaning was congruent, incongruent, or unrelated to that size. Table 7 summarizes 744 

the standard effects and their components. Three results replicated in every experiment: 745 

standard Stroop interference, standard Stroop facilitation, and a concentration of naming 746 

errors on incongruent size words. Other results were specific to one experiment. Response 747 

conflict and response facilitation were significant only in Experiment 1, and in Experiment 748 

4 RTs depended on whether the form of a size-related word resembled the correct or the 749 

opposite response. In Experiment 2, size synonyms and antonyms differed from the size 750 

word of the opposite relation but not from the size word with the same relation, a pattern 751 

compatible with a small semantic effect that could not be detected against the control 752 

conditions. Finally, several components were not detected: task conflict, semantic conflict, 753 

semantic facilitation, and the effects of orthographic and phonological similarity alone. 754 

However, their estimates were below the minimum differences the experiments could detect 755 

(about 29 to 34 ms), so these results are inconclusive rather than evidence that the 756 

components are absent. 757 

Standard Stroop Effects with Size as the Target Dimension 758 

The first objective was to determine whether standard Stroop interference and 759 

facilitation occur when the target dimension is the size of written words. They did. 760 

Presenting GRANDE and PEQUEÑO in the size opposite to their meaning slowed naming 761 

by 24 to 37 ms, and presenting them in the size they denote speeded it by 20 to 36 ms 762 

(Table 7). In Experiment 4, interference was measured against size-unrelated words, the 763 
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only control condition. Both effects were present against every available baseline (Table 3), 764 

and naming errors were concentrated on incongruent size words in all four experiments. 765 

These results show that the standard Stroop effect is also obtained when the target 766 

dimension is the physical size of the word, at least with Spanish size words. 767 

In the color task, interference is usually two to three times larger than facilitation [5, 768 

16, 32, 34, 60]. In our experiments, the two effects were of similar magnitude. This pattern 769 

is descriptive, because it was not tested formally, and it depends on the baseline. Against 770 

the standard baselines, facilitation was larger than interference in Experiment 1 and smaller 771 

in Experiment 2. Against a common baseline, size-unrelated words, interference (37 to 43 772 

ms) exceeded facilitation (20 to 36 ms) in all experiments, but at most by a factor of about 773 

1.8 (Experiment 2). Two features of the task may contribute to this pattern. First, the 774 

response set had only two words, both of which were also the congruent and incongruent 775 

distractors, so every congruent trial presented the exact correct response. Second, size is a 776 

relational property that participants judged against only two learned values, which may 777 

have made the congruent word a particularly effective cue. 778 

The delta plots revealed a second difference between the two effects. In all four 779 

experiments, interference was absent in the fastest responses and grew across the RT 780 

distribution, reaching 58 to 81 ms at the .9 quantile. This increasing profile is typical of 781 

Stroop interference [61]. Facilitation, in contrast, was already present in the fastest 782 

responses (13 to 27 ms at the .1 quantile). It remained roughly constant in Experiments 1 783 

and 2 and increased more moderately than interference in Experiments 3 and 4. Following 784 

Smith and Ulrich [57], who recommend examining the time course of interference and 785 

facilitation separately, this dissociation suggests that the benefit of a congruent size word 786 
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arises early in processing, whereas the cost of an incongruent size word builds up in slower 787 

responses. 788 

Components of Interference and Facilitation 789 

The second objective was to assess whether the components of interference and 790 

facilitation described in the color task are also present with size. Response conflict and 791 

response facilitation were significant in Experiment 1 (40.5 and 20.8 ms). In Experiments 2 792 

and 4, both pointed in the same direction and ranged from 18 to 24 ms, but they were not 793 

significant and were below the minimum detectable difference. In Experiment 3, which did 794 

not include size-related words, they could not be estimated. In Experiment 4, they were 795 

estimated with the new conditions whose meaning and form pointed to the same response, 796 

but task conflict could not be estimated because symbol strings were not included. 797 

Response-level components therefore appear to contribute to the Stroop effect with size, 798 

but our data establish this firmly only for Experiment 1. Because no integrated model 799 

across experiments was fitted, we do not compare the magnitude of these components 800 

between experiments. In addition, response conflict exceeded standard interference in 801 

Experiment 1 only because symbol strings were named more slowly than size-unrelated 802 

words. This is an arithmetic consequence of the baseline, not evidence about the underlying 803 

processes. 804 

No semantic conflict or semantic facilitation was detected with the criteria of 805 

Augustinova et al. [32]. The estimates ranged from −1.5 to 16.5 ms, and their confidence 806 

intervals are compatible with small effects in either direction that the present samples could 807 

not detect reliably. However, Experiment 2 provided indirect evidence of a small semantic 808 

effect. Size synonyms and antonyms differed significantly from the standard condition of 809 
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the opposite relation (synonyms from incongruent size words and antonyms from congruent 810 

size words), but not from the standard condition with which they shared their relation 811 

(synonyms from congruent size words and antonyms from incongruent size words), and 812 

antonyms were slower than synonyms, although not significantly. Each condition was thus 813 

drawn toward the size word with the same relation, as expected if its meaning partially 814 

activated the corresponding response. In Experiment 1, by contrast, size-related words did 815 

not differ from each other and differed from the size words of both relations, which 816 

suggests that words that merely name large or small objects activate the size concept too 817 

weakly to affect naming. 818 

Orthographic and phonological similarity to a response word, in words without size 819 

meaning (Experiment 3), did not affect size naming. This contrasts with color studies that 820 

found such effects (e.g., [34, 58, 59]), although the differences we observed (9 to 12 ms) 821 

were well below our minimum detectable difference. Our design differed from that of Qiu 822 

and van Heuven [34] in several respects. They used Chinese homophones, which share the 823 

full pronunciation of a color word, whereas our similar words shared only part of their 824 

spelling and sound with the response words. They also estimated phonological conflict and 825 

facilitation against color-associated words of the same congruency (incongruent 826 

homophones minus incongruent associated words, and congruent associated words minus 827 

congruent homophones), whereas we compared similar words with size-unrelated words, a 828 

baseline without size meaning. In addition, in their task the word and the color were 829 

presented separately, and participants chose among three colors rather than two sizes. These 830 

differences may have contributed to the absence of detectable similarity effects in our 831 

Experiment 3.  832 
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In Experiment 4, similarity was combined with size meaning. Words that resembled 833 

the correct response were named 26 to 29 ms faster than words that resembled the opposite 834 

response, regardless of whether their meaning matched the presented size, and meaning 835 

made no detectable difference once form was held constant. This exploratory result 836 

suggests that, when a size-related distractor shares its form with a response word, the 837 

activation of that response through form outweighs the activation produced by its meaning. 838 

Testing the same conditions with color words would show whether formal overlap between 839 

distractor and response acts at the level of verbal output regardless of the target dimension. 840 

Because these conditions were tested in a single exploratory experiment, this interpretation 841 

requires replication. 842 

Task Conflict and Lexicality 843 

Task conflict refers to the competition between two task sets, reading the word and 844 

naming the target dimension. It arises whenever the stimulus is readable, independently of 845 

the informational conflict between the meaning of the word and the target ([62–65]; for a 846 

review, see [66]). In color naming, task conflict is usually indexed by slower responses to 847 

neutral words than to letter or symbol strings, and by a lexicality gradient in which words 848 

are slower than pseudowords and pseudowords slower than nonreadable strings [65, 67, 849 

68]. The lexicality gradient is therefore a way of measuring task conflict, not the 850 

mechanism itself. Moreover, task conflict does not always appear in RTs. Pupillometric 851 

studies have detected it even when RTs to neutral words and nonreadable stimuli did not 852 

differ [69–71]. 853 

In Experiments 1 to 3, size-unrelated words were named numerically faster than 854 

symbol strings (by 5.5 to 15.4 ms), but none of these differences was significant after 855 
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correction, and pseudowords did not differ from either condition. Our data thus provide no 856 

evidence of task conflict when the target is size, but they do not show a reliable advantage 857 

for readable stimuli either. What they suggest is that, when participants name the size of a 858 

stimulus, readable stimuli do not produce the cost they typically produce when participants 859 

name its color. This does not mean that reading was not activated. A null or slightly 860 

negative difference in RTs is compatible with task conflict being present but offset by 861 

another factor that favors readable stimuli, as the pupillometric findings illustrate. 862 

Accordingly, the composition of standard interference described for color, as the sum of 863 

task, semantic, and response conflict, may differ when the lexical baseline is not slower 864 

than the symbol baseline, as tended to occur in Experiments 1 to 3. 865 

Three explanations are compatible with this pattern, and future studies could 866 

separate them. The first concerns task control. Task conflict is larger when proactive control 867 

of the reading task is weak, for instance when most trials present nonreadable stimuli, and 868 

smaller when it is strong [63, 64]. In Experiments 1 to 3, five of the seven conditions 869 

presented words, a proportion that may have kept proactive control high and reduced task 870 

conflict. The second concerns the baseline. Symbol strings may not be neutral for size 871 

naming, because their shapes and density differ from those of letters and could make their 872 

size harder to judge. The third is perceptual and speculative. Words are recognized from 873 

their letters [72], and familiar letter strings might allow a faster judgment of size than 874 

unfamiliar symbols, an advantage that would speed size naming for readable stimuli and 875 

could mask the task conflict they generate. A preregistered replication with a larger sample, 876 

the same controls in every experiment, normed stimuli, a manipulation of the proportion of 877 

word trials, and pupillometric measures could distinguish among these explanations. 878 
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Theoretical Accounts 879 

The multistage account of the Stroop effect [16, 20, 32] predicts that standard 880 

interference is the sum of task, semantic, and response conflict, and that standard 881 

facilitation is the sum of semantic and response facilitation. Our results are consistent with 882 

this account in one respect. With size as the target, part of the standard effects occurred at 883 

the response level: response conflict and response facilitation were significant in 884 

Experiment 1, and pointed in the same direction in Experiments 2 and 4. The semantic 885 

components were not detected, and task conflict produced no cost, so the remaining 886 

predictions could not be confirmed. The decomposition of Stroop effects into components 887 

has already been applied outside the color domain, for example in picture–word 888 

interference [35], spatial Stroop tasks [36], and Stroop-matching tasks [37]. The present 889 

study extends this approach to the physical size of written words. 890 

An alternative account is the diffusion model for conflict tasks (DMC) [73]. In this 891 

model, the irrelevant dimension produces an automatic activation that rises and then decays 892 

over time and is superimposed on the controlled processing of the relevant dimension. 893 

DMC explains interference and facilitation with a single mechanism and predicts the shape 894 

of delta functions: they increase with RT when the automatic activation peaks late or decays 895 

slowly, as is typically assumed for the Stroop task. The increasing interference delta plots 896 

observed in all four experiments fit this pattern. The facilitation delta plots, which were 897 

already positive in the fastest responses and flatter than those of interference, are less easily 898 

explained by a single automatic activation with the same time course for congruent and 899 

incongruent trials. They may require additional assumptions, such as a faster or stronger 900 

contribution of congruent size words, which coincide exactly with the correct response (see 901 
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[57]). Fitting DMC to these data was beyond the scope of this exploratory study, but it 902 

would allow testing whether the Stroop effect with size words is driven by the same 903 

automatic process as the Stroop effect with color. 904 

Limitations 905 

Several limitations qualify these conclusions. First, sample sizes were not 906 

determined a priori. The sensitivity analysis showed that each experiment could detect, with 907 

80% power, differences of about 29 to 34 ms, so the components we did not detect (task, 908 

semantic, and phonological effects of 3 to 16 ms) remain inconclusive. Second, the study 909 

was exploratory and not preregistered; each experiment was designed after the results of the 910 

previous one, and all pairwise comparisons were tested with a correction for multiplicity 911 

rather than a small set of confirmatory contrasts. Third, participants came from a single 912 

private university in Bogotá, mostly psychology students. Fourth, the stimuli were not 913 

selected from normed databases. We controlled their orthographic similarity to the response 914 

words (Table 1), but not their frequency, familiarity, length, or number of syllables, which 915 

may have contributed to differences between conditions. Fifth, each condition included 916 

only 24 trials per participant, which limits the precision of individual estimates and of the 917 

distributional analyses. Sixth, the control conditions changed across experiments: the size-918 

unrelated words were replaced in Experiment 3, and Experiment 4 had no symbol strings or 919 

pseudowords. Because no integrated model across experiments was fitted, comparisons of 920 

effect magnitudes between experiments are descriptive. 921 

A further limitation concerns the response set. Size is a relational property: 922 

something is large or small relative to something else, and participants had to discriminate 923 

only two sizes, which they could learn within the first trials. Unlike color words, which 924 
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name relatively discrete categories, "large" and "small" also apply to continuous 925 

dimensions such as volume, speed, or duration. A larger response set, with intermediate 926 

sizes and terms such as "medium," would make the task more similar to color naming but 927 

would also increase decision difficulty, RTs, and errors. In color naming, response set size 928 

affects overall RTs but not the presence of Stroop interference [27, 30, 74, 75]. Whether this 929 

holds for size, and whether the two-word response set contributed to the absence of task 930 

conflict or to the similar magnitudes of interference and facilitation, remains to be tested. 931 

Finally, response onsets were detected automatically from the recordings and transcriptions 932 

were reviewed manually. These procedures were identical across conditions, but they may 933 

have added measurement noise. 934 

Conclusions 935 

Naming the physical size of written words produces a Stroop effect. Across four 936 

experiments, Spanish size words presented in the size opposite to their meaning slowed size 937 

naming, and size words presented in the size they denote speeded it, against every available 938 

baseline. Errors were concentrated on incongruent size words. Interference was absent in 939 

the fastest responses and grew with RT, whereas facilitation was present from the fastest 940 

responses. Response-level components contributed to these effects, at least in Experiment 941 

1. Semantic components, task conflict, and effects of orthographic and phonological 942 

similarity alone were not detected, but the experiments were not sensitive enough to rule 943 

out effects smaller than about 30 ms. Readable stimuli did not produce the cost that 944 

characterizes task conflict in color naming, and in Experiment 4 the form of size-related 945 

words outweighed their meaning. These two exploratory findings suggest that the 946 
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composition of Stroop effects may depend on the target dimension, and they should be 947 

tested in preregistered studies with larger samples. 948 
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Figure 1 1219 

Components of interference and facilitation Stroop effects 1220 
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 1221 

Note: This figure is adapted from Augustinova et al. [16], Parris et al. [20], and Qiu and van 1222 

Heuven [34]. Standard Stroop interference and its components are in red, while facilitation 1223 

and its components are in green. The conditions are ordered according to their typical 1224 

relative RT in color Stroop task research. 1225 

 1226 

Figure 2 1227 

Mean RT by condition in Experiment 1 1228 
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 1229 

Note. Bars show estimated marginal means, ordered from fastest to slowest, and error bars 1230 

the upper limit of their 95% confidence intervals. Each bracket joins two conditions that 1231 

differ significantly; each of these conditions also differs from every condition beyond the 1232 

other end of the bracket. Together, the brackets show all the significant pairwise differences 1233 

(Holm-corrected across 21 comparisons). Asterisks give the significance of the bracketed 1234 

pair: * p < .05, ** p < .01, *** p < .001. 1235 

Figure 3 1236 

Delta Plots of Standard Interference and Facilitation in Experiment 1 1237 
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 1238 

Note. Effects at the .1, .3, .5, .7, and .9 quantiles of the RT distribution, plotted against the 1239 

mean RT of the two conditions at each quantile. Interference = incongruent size words 1240 

minus symbol strings; facilitation = size-unrelated words minus congruent size words. 1241 

Error bars are 95% confidence intervals across participants. 1242 

 1243 

Figure 4 1244 

Mean RT by condition in Experiment 2 1245 
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 1246 

Note. Bars show estimated marginal means, ordered from fastest to slowest, and error bars 1247 

the upper limit of their 95% confidence intervals. Each bracket joins two conditions that 1248 

differ significantly; each of these conditions also differs from every condition beyond the 1249 

other end of the bracket. Together, the brackets show all the significant pairwise differences 1250 

(Holm-corrected across 21 comparisons). Asterisks give the significance of the bracketed 1251 

pair: * p < .05, ** p < .01, *** p < .001. 1252 

Figure 5 1253 

Delta Plots of Standard Interference and Facilitation in Experiment 2 1254 
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 1255 

Note. Effects at the .1, .3, .5, .7, and .9 quantiles of the RT distribution, plotted against the 1256 

mean RT of the two conditions at each quantile. Interference = incongruent size words 1257 

minus symbol strings; facilitation = size-unrelated words minus congruent size words. 1258 

Error bars are 95% confidence intervals across participants. 1259 

 1260 

Figure 6 1261 

Mean RT by condition in Experiment 3 1262 
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 1263 

Note. Bars show estimated marginal means, ordered from fastest to slowest, and error bars 1264 

the upper limit of their 95% confidence intervals. Each bracket joins two conditions that 1265 

differ significantly; each of these conditions also differs from every condition beyond the 1266 

other end of the bracket. Together, the brackets show all the significant pairwise differences 1267 

(Holm-corrected across 21 comparisons). Asterisks give the significance of the bracketed 1268 

pair: * p < .05, ** p < .01, *** p < .001. 1269 

Figure 7 1270 

Delta Plots of Standard Interference and Facilitation in Experiment 3 1271 
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 1272 

Note. Effects at the .1, .3, .5, .7, and .9 quantiles of the RT distribution, plotted against the 1273 

mean RT of the two conditions at each quantile. Interference = incongruent size words 1274 

minus symbol strings; facilitation = size-unrelated words minus congruent size words. 1275 

Error bars are 95% confidence intervals across participants. 1276 

 1277 

Figure 8 1278 

Mean RT by condition in Experiment 4 1279 
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 1280 

Note. Bars show estimated marginal means, ordered from fastest to slowest, and error bars 1281 

the upper limit of their 95% confidence intervals. Each bracket joins two conditions that 1282 

differ significantly; each of these conditions also differs from every condition beyond the 1283 

other end of the bracket. Together, the brackets show all the significant pairwise differences 1284 

(Holm-corrected across 21 comparisons). Asterisks give the significance of the bracketed 1285 

pair: * p < .05, ** p < .01, *** p < .001. 1286 

Figure 9 1287 

Delta Plots of Standard Interference and Facilitation in Experiment 4 1288 
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 1289 

Note. Effects at the .1, .3, .5, .7, and .9 quantiles of the RT distribution, plotted against the 1290 

mean RT of the two conditions at each quantile. Interference = incongruent size words 1291 

minus size-unrelated words; facilitation = size-unrelated words minus congruent size 1292 

words. Error bars are 95% confidence intervals across participants. 1293 

 1294 

 1295 

Table 1 1296 

Stimuli by Experiment and Condition 1297 

Condition Experiments Presented large (100 px) Presented small (20 px) Presentations 

Congruent size 
words 

1–4 GRANDE (large) [.00, 
.56] 

PEQUEÑO (small) [.56, 
.00] 

12 

Incongruent size 
words 

1–4 PEQUEÑO [.56, .00] GRANDE [.00, .56] 12 
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Condition Experiments Presented large (100 px) Presented small (20 px) Presentations 

Symbol strings 1–3 #####, &&&&&, ?????, 
€€€€€ [1.00, 1.00 each] 

#####, &&&&&, ?????, 
€€€€€ [1.00, 1.00 each] 

3 per size 

Pseudowords 1–3 SOLIMU [1.00, .56], 
LURATEMA [.38, .49], 
VESLARIO [.57, .49], 
FEBAMINO [.47, .49] 

SOLIMU, LURATEMA, 
VESLARIO, 
FEBAMINO 

3 per size 

Size-unrelated 
words 

1, 2 CONOCER (to know), 
FORMAL (formal), 
IMAGINAR (to 
imagine), ÁMBITO 
(scope) 

CONOCER [.46, .57], 
FORMAL [.44, 1.00], 
IMAGINAR [.49, 1.00], 
ÁMBITO [1.00, .56] 

3 per size 

Size-unrelated 
words 

3, 4 NÚMERO (number), 
CALIDAD (quality), 
ESTILO (style), 
RELATO (story) 

NÚMERO [.56, .46], 
CALIDAD [.46, 1.00], 
ESTILO [1.00, .46], 
RELATO [.44, .46] 

3 per size 

Congruent size-
related words 

1 MONTAÑA (mountain) 
[.63, .57], BALLENA 
(whale) [.47, .57] 

HORMIGA (ant) [.56, 
1.00], SEMILLA (seed) 
[1.00, .57] 

6 

Incongruent size-
related words 

1 HORMIGA, SEMILLA MONTAÑA, BALLENA 6 

Size synonyms 2 ENORME (enormous) 
[.44, .46], GIGANTE 
(giant) [.23, .57] 

MINÚSCULO 
(minuscule) [.57, .50], 
DIMINUTO (tiny) [.57, 
.49] 

6 

Size antonyms 2 MINÚSCULO, 
DIMINUTO 

ENORME, GIGANTE 6 

Congruent similar 
words 

3 GRACIAS (thank you) 
[.25, 1.00], GRANUJA 
(rascal) [.15, .57] 

PAQUETE (package) 
[.46, .26], PECADO (sin) 
[.44, .29] 

6 

Incongruent similar 
words 

3 PAQUETE, PECADO GRACIAS, GRANUJA 6 

Similar congruent 
words 

4 GRUESO (thick) [.27, 
.47], GRANJA (farm) 
[.13, 1.00] 

PICADURA (sting) [.47, 
.44], POQUITO (a little) 
[1.00, .26] 

6 

Similar incongruent 
words 

4 GRAMO (gram) [.21, 
.55], GRANADA 
(pomegranate) [.09, 1.00] 

PAQUIDERMO 
(pachyderm) [.40, .24], 
PAQUETÓN (big 
package) [.47, .39] 

6 
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Condition Experiments Presented large (100 px) Presented small (20 px) Presentations 

Dissimilar congruent 
words 

4 PAQUIDERMO, 
PAQUETÓN 

GRAMO, GRANADA 6 

Dissimilar 
incongruent words 

4 PICADURA, POQUITO GRUESO, GRANJA 6 

 1298 

Note. Stimuli were presented in black uppercase Arial on a white background. Each 1299 

condition comprised 24 trials per participant (eight per block, three blocks). English 1300 

translations are given in parentheses at first mention. In Experiment 3, similar words were 1301 

orthographically and phonologically similar to GRANDE or PEQUEÑO but unrelated to 1302 

size; they were congruent when similar to the correct response and incongruent when 1303 

similar to the opposite response. In Experiment 4, similar and dissimilar refer to 1304 

orthographic and phonological similarity to the correct response, and congruent and 1305 

incongruent refer to whether the size meaning of the word matched the presented size. 1306 

Values in brackets are the Jaro-Winkler distances between each stimulus and the two 1307 

response words, GRANDE and PEQUEÑO, respectively. The Jaro-Winkler index [76, 77] 1308 

measures orthographic similarity from the number of letters that two strings share in 1309 

approximately the same positions and the number of transpositions among those letters, and 1310 

it gives additional weight to strings that begin with the same letters (up to four initial 1311 

letters, prefix scale p = .10). Distance is 1 minus similarity: 0 indicates identical strings and 1312 

1 indicates strings with no letters in common. 1313 

Table 2  1314 

Frequency of response types by condition in Experiment 1  1315 

  Type of response  

Conditions  No-response  Correct  Incorrect  Other  
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Symbol strings  9 864 4 6 

Pseudowords  13 862 5 3  

Size-unrelated words  18 850 5 5  

Congruent size-related words  17 848 7  7  

Incongruent size-related words  23 838 10 6 

Congruent size words  10 862 2  5  

Incongruent size words  18 816 42 7  

  1316 

 1317 

Table 3 1318 

Standard Interference and Facilitation Estimated Against Each Baseline 1319 

 Interference 
vs. symbol 
strings 

Interference 
vs. 
pseudowords 

Interference 
vs. unrelated 
words 

Facilitation 
vs. unrelated 
words 

Facilitation 
vs. 
pseudowords 

Facilitation 
vs. symbol 
strings 

Experiment 1 23.6* 

[8.3, 38.9] 
30.1* 

[14.8, 45.3] 
39.0* 

[23.7, 54.2] 
31.0* 

[16.7, 45.3] 
39.9* 

[25.5, 54.3] 
46.4* 

[31.9, 60.9] 

Experiment 2 31.8* 

[17.1, 46.4] 
25.3* 

[10.6, 40.1] 
37.2* 

[22.6, 51.9] 
20.4* 

[6.7, 34.1] 
32.3* 

[18.3, 46.3] 
25.9* 

[12.0, 39.7] 

Experiment 3 28.3* 

[13.5, 43.2] 
31.7* 

[16.9, 46.6] 
42.8* 

[28.0, 57.6] 
28.9* 

[15.0, 42.7] 
40.0* 

[26.0, 54.0] 
43.4* 

[29.3, 57.5] 

Experiment 4 n.a. n.a. 37.0* 

[18.0, 55.9] 
36.1* 

[18.4, 53.8] 
n.a. n.a. 

Note. Values are differences in estimated marginal means (ms) from the final GLMM of 1320 

each experiment, with 95% confidence intervals in brackets. Interference = incongruent 1321 

size words minus baseline; facilitation = baseline minus congruent size words. n.a. = 1322 

condition not included in the experiment. * p < .05, Holm-corrected across the 21 pairwise 1323 

comparisons of each experiment. 1324 
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 1325 

Table 4  1326 

Frequency of response types by condition in Experiment 2  1327 

  Type of response  

Conditions  No-response  Correct  Incorrect  Other  

Symbol strings  24 835 2 16 

Pseudowords  29 831 2 14 

Size-unrelated words  37 840 1 12 

Size-synonyms words 24 848 0  16 

Size-antonyms words 35 818 4 11 

Congruent size words  23 850 1 8 

Incongruent size words  34 803 29 15 

  1328 

 1329 

Table 5  1330 

Frequency of response types by condition in Experiment 3  1331 

  Type of response  

Conditions  No-response  Correct  Incorrect  Other  

Symbol strings  25 847 1 8  

Pseudowords  16 853 1 16  

Size-unrelated words  20 851 1 12 

Congruent similar words  15 850 1  12 
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Incongruent similar words  26 829 1 17 

Congruent size words  11 857 2 13 

Incongruent size words  26 819 25 7 

  1332 

 1333 

Table 6  1334 

Frequency of response types by condition in Experiment 4  1335 

  Type of response  

Conditions  No-response  Correct  Incorrect  Other  

Size-unrelated words  35 1080 4 11 

Similar congruent words  37 1079 4 11  

Similar incongruent words  32 1087 4 7 

Dissimilar congruent words  44 1079 9 11 

Dissimilar incongruent words  43 1057 9 11 

Congruent size words  31 1089 2 6 

Incongruent size words  43 1012 50 13 

    1336 
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 1338 

Table 7 1339 

Standard Stroop Effects and Their Components in the Four Experiments 1340 
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Effect (contrast) Experiment 1 Experiment 2 Experiment 3 Experiment 4 

Standard interference (incongruent 
size words − baseline) 

23.6* 

[8.3, 38.9] 
31.8*** 

[17.1, 46.4] 
28.3** 

[13.5, 43.2] 
37.0**ᵃ 
[18.0, 55.9] 

Task conflict (unrelated words − 
symbol strings) 

−15.4 

[−30.1, −0.7] 
−5.5 

[−19.5, 8.5] 
−14.5 

[−28.8, −0.2] 
n.e. 

Semantic conflict (incongruent 
related − unrelated) 

−1.5 

[−16.1, 13.1] 
16.5 

[2.2, 30.7] 
n.e. (12.0 

[−2.4, 26.3])ᵇ 
12.9 

[−3.9, 29.8] 

Response conflict (incongruent 
size words − incongruent related) 

40.5*** 

[25.2, 55.8] 
20.8 

[6.0, 35.6] 
n.e. 24.0 

[5.0, 43.1] 

Standard facilitation (unrelated 
words − congruent size words) 

31.0*** 

[16.7, 45.3] 
20.4* 

[6.7, 34.1] 
28.9*** 

[15.0, 42.7] 
36.1*** 

[18.4, 53.8] 

Semantic facilitation (unrelated − 
congruent related) 

10.1 

[−4.3, 24.6] 
2.8 

[−11.1, 16.7] 
n.e. (−2.6 

[−16.7, 11.6])ᵇ 
15.3 

[−1.1, 31.8] 

Response facilitation (congruent 
related − congruent size words) 

20.8* 

[6.7, 35.0] 
17.6 

[3.9, 31.3] 
n.e. 20.7 

[3.3, 38.2] 

Minimum detectable difference 
(80% power) 

≈ 29 ≈ 29 ≈ 30 ≈ 34 

 1341 

Note. Differences in estimated marginal means (ms) with unadjusted 95% confidence 1342 

intervals. Related words were size-related words in Experiment 1, size antonyms and 1343 

synonyms in Experiment 2, and dissimilar incongruent and similar congruent words in 1344 

Experiment 4. n.e. = not estimable with the conditions of that experiment. ᵃ Against size-1345 

unrelated words, the only control condition in Experiment 4. ᵇ Experiment 3 had no size-1346 

related words; the value in parentheses is the corresponding contrast with incongruent or 1347 

congruent similar words. * p < .05, ** p < .01, *** p < .001, Holm-corrected across the 21 1348 

pairwise comparisons of each experiment. 1349 
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