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Topic: Sensory and Perceptual Processes 1 

 2 
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 9 

Précis 10 

This experiment examined letter formats for city names in traffic signs under stationary and dynamic 11 

viewing.  Results showed that destinations were recognized better when in titled-case (e.g., Valencia) 12 

than in all uppercase (e.g., VALENCIA), word size being equal.  Word case effects also varied between 13 

stationary and dynamic viewing situations. 14 

 15 

Abstract 16 

Objectives 17 

To investigate the word recognition effects of the use of all-uppercase (e.g., VALENCIA) or titled-case 18 

(e.g., Valencia) for city names in traffic signs, controlling for word size, and comparing stationary and 19 

dynamic viewing situations. 20 

Background 21 

Prior studies provide mixed evidence regarding the effects of word case on the recognition of city names 22 

in traffic signs. Moreover, the evidence on the potential impact of visual motion on these effects is scarce.  23 

Method 24 

We carried out an experimental study using simulated traffic signs. The task was to indicate, for each 25 

sign, whether it contained a given city name or not (word search task, 50% positive trials). Visual motion 26 

of signs was manipulated as a between-participants factor: stationary (the sign was still) vs. dynamic (the 27 

sign expanded as if the participant was approaching to it). Word case was manipulated as a within-28 

participants factor: all-uppercase vs. two title-case conditions varying in font size: width-matched titled-29 

case, and point size-matched titled-case.  30 
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Results 31 

Both in the stationary and dynamic condition, all-uppercase resulted in more incorrect responses and 32 

slower latencies than width-matched titled-case. When compared to point size-matched titled-case, all-33 

uppercase produced slower correct responses in the stationary condition, whereas faster in the dynamic 34 

condition. 35 

Conclusion 36 

Other factors being equal, all-uppercase city names will be recognized worse than their titled-case 37 

versions in traffic signs, both in stationary and dynamic situations.  38 

Application 39 

Results in the current experimental study would be of interest in the design of traffic signs and other 40 

circumstances in which text is presented in motion.  41 

 42 

Keywords 43 

Information processing, Language, Visual search, Display design principles, Highway systems 44 

  45 
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Introduction 46 

In many countries around the world, there are regulations or conventions establishing the letter 47 

case option (i.e., lower and/or upper case) to use for the letters of a word or word category in a specific 48 

traffic sign. According to basic research, this is a factor than can influence word legibility, i.e., how easy 49 

the letters of the word are to encode (Slattery & Rayner, 2010), which, with other influencing factors, 50 

determines how easy the word is to read (i.e., its readability) and recognize. Interestingly, in some 51 

countries, some words use titled-case (e.g., ‘Valencia’) in some traffic signs, whereas all-uppercase (e.g., 52 

‘VALENCIA’) in other traffic signs. For example, in Spain, where the present study was carried out, 53 

overhead motorway signs that indicate an exit ahead use titled-case for city names if the exit leads to 54 

another motorway, but all-uppercase if it leads to a dual carriageway road. The present study aimed to 55 

provide evidence that the choice on all-uppercase or titled-case has an impact on the search for a city 56 

name in a traffic sign showing multiple words, and also that the word case effects can be different in 57 

dynamic situations (i.e., when the sign is read from a moving vehicle) versus stationary situations (i.e., 58 

when the sign is read keeping motionless). 59 

Very few studies have directly investigated the effects of word case on the reading or recognition 60 

of words in dynamic situations, and their conclusions are questionable because of methodological 61 

limitations. Forbes et al. (1950) asked participants to approach a sign on foot, to indicate the maximum 62 

distance at which they could correctly identify stimuli displayed on the sign (legibility distance). 63 

Controlling for word width, the legibility distance was apparently longer in titled-case than all-uppercase, 64 

whereas the opposite could be observed controlling for word height. However, the authors did not report 65 

results from analyses to test the statistical significance of these apparent patterns. Garvey et al. (1997) did 66 

such analyses for the legibility distance using 1-word traffic signs, and also for the furthest distance at 67 

which each participant could identify the location of a given word in a 3-word sign (recognition distance), 68 

using participants seated in the front passenger seat of a car that approached the sign slowly. No support 69 

for differences in the legibility distance between titled-case and all-uppercase was found, whereas the 70 

recognition distance was significantly longer with titled-case (both results referred to width-matched 71 

words). However, some words with titled-case used a different letter font than the words with all-72 

uppercase. In addition, participants’ age was 65 or older.  73 

Outside the traffic domain, the studies on the effects of word case on word recognition have only 74 

addressed stationary reading situations, and the effects of all-uppercase or titled-case on the recognition of 75 
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city names have been rarely covered in this literature. A closely related study was conducted by Peressotti 76 

et al (2003), in which no support was found for significant differences in the recognition of all-uppercase 77 

and titled-case proper nouns which included person and geographical site names. Broadening the focus 78 

even more, we can also consider the studies comparing all-uppercase and all-lowercase. Most of them 79 

found worse results for all-uppercase (Baron & Strawson, 1976; Breland & Breland, 1944; Mayall & 80 

Humphreys, 1996; Paap et al., 1984; Paterson & Tinker, 1946; Perea et al., 2015; Perea et al., 2017; 81 

Poulton, 1967; Smith et al., 1969; Vergara et al., 2020). Still, note that there have also been some studies 82 

pointing to specific word properties that could cancel the disadvantage of all-uppercase over all-lowercase 83 

(Garner, 1981; Rho, 2001; Perea & Rosa, 2002; Perea et al., 2018), and even more, a few studies found 84 

that all-uppercase can be best in acronyms, brand names, and abbreviations that are typically printed with 85 

all-uppercase (Gontijo et al., 2002; Henderson & Chard, 1976; Perea et al., 2015; Seymour & Jack, 1978), 86 

and also in common words presented in special conditions, for example, using rapid serial visual 87 

presentation (Arditi & Cho, 2007), or in the person’s visual periphery (Pušnik et al., 2016).  88 

In short, so far, there is no conclusive response to the question on the effects of using all-uppercase 89 

or titled-case for city names on word recognition, neither in stationary situations, nor in dynamic 90 

situations. Moreover, no research has been reported examining the differences in the effects of word case 91 

on word recognition between these two kinds of situations directly. Note that both stationary and dynamic 92 

situations are relevant in the traffic context. For example, a stationary presentation is appropriate to 93 

represent when drivers can only glimpse at a sign, e. g. while driving in heavy traffic or through a sharp 94 

bend.  On the other hand, there are common driving situations in which the driver is afforded a 95 

progressive and dynamic view of a sign, for example while approaching it on a straight road with low 96 

traffic. Therefore, our study examined and compared the effects of titled-case versus all-uppercase on the 97 

recognition of city names in traffic signs in stationary and dynamic situations. In particular, a word search 98 

task was used, in which the participants’ performance in searching for the name of a particular city in 99 

traffic signs showing multiple words was assessed. Searching for a city name on multiple word-traffic 100 

signs is a common task for road users, for example, when they want to reach a destination while travelling 101 

along a non-familiar route. Word search tasks have been already used to investigate the effects of word 102 

case on the recognition of words in traffic signs, for example, in a study by Garvey et al. (1997), already 103 

mentioned. However, the present study has important differences with respect to that study, and also with 104 

respect to other previous studies on the subject. Crucially, the current work compared the effects of word 105 
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case on the search for the target in two visual motion conditions: one in which the sign appeared abruptly 106 

and remained steady on the screen, with clear words on it (the stationary condition), and another one in 107 

which an extremely small sign appeared on the screen and expanded progressively, as if the participant 108 

were approaching it, in such a manner that the words could not be identified until sometime after the trial 109 

onset (the dynamic condition). Moreover, this study was designed accordingly to the Signal Detection 110 

Theory (SDT; Green & Swets, 1966; Hautus et al., 2022), so participants were presented with both 111 

positive trials (in which one of the words in the sign was the target) and negative trials (none of the words 112 

in the sign were the target), to indicate whether or not the target was in the sign. The SDT is a framework 113 

for studying human performance of sensory or cognitive tasks in which the quality of the input can be low 114 

(e.g., the stimulus is weak, incomplete, uncertain, or ambiguous), and we thought that the rapid search for 115 

a city name in a multiple word-traffic sign could entail visual inputs of low quality in a large proportion 116 

of trials, especially in dynamic situations. According to SDT, in such circumstances, there might be some 117 

individuals, or conditions, in which there is a tendency to respond ‘Yes, the target is in the sign’ (liberal 118 

response criterion), and also other individuals or conditions in which the tendency is to respond ‘No, the 119 

target is not there’ (conservative response criterion). These tendencies would impact the proportion of 120 

correct responses in positive trials, hence the need for negative trials and the proposal of measures of task 121 

accuracy computed both from correct responses in positive trials (hits) and incorrect responses in negative 122 

trials (false alarms), such as d′. In addition, the theory also provides response criterion measures, such as 123 

β. In consideration of the possibility that the experiment results were affected by any of these tendencies, 124 

we computed hits, correct rejections (i.e., correct responses in negative trials), and also d′ and β, besides 125 

the usual measure of correct response latency. 126 

We thought that when viewed dynamically, the quality of traffic sign visual inputs would be 127 

lower, compared to when the signs are viewed in a stationary manner. Therefore, we expected that the 128 

search for the targeted city would be generally worse in the dynamic condition, i.e., fewer hits and correct 129 

rejections, lower d′, and/or slower correct responses when the target was viewed in motion.  130 

We also expected fewer hits and correct rejections, a lower d′, and/or slower correct responses in 131 

signs using all-uppercase than in signs using titled-case, other factors being equal. Two different reasons, 132 

frequently argued to account for the advantage of all-lowercase over all-uppercase in the recognition of 133 

common words, were behind these expectations (Paterson & Tinker, 1946; Perea et al., 2018). First, in the 134 

Latin alphabet, most letters with uppercase seem less visually distinct from each other than most letters in 135 
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lowercase. Therefore, the legibility of a city name would be worse if it uses the uppercase format than the 136 

titled-case format. Second, it may also be that city names are generally less familiar in the all-uppercase 137 

format than in the titled-case format. As far as we know, estimations about the relative frequency of city 138 

names in titled-case and all-uppercase have not been reported in literature so far, neither in general nor in 139 

traffic signs. Nevertheless, in English, estimations of the frequency of letters with uppercase in printed 140 

text or on the Internet are much lower than those for letters with lowercase (Jones & Mewhort, 2004), and 141 

it seems that the same occurs in other languages that use similar orthographic rules for proper nouns, such 142 

as Spanish.  143 

As for the response criterion in the task, we did not expect that the visual input quality, nor the 144 

letter distinctiveness or letter/word familiarity, would affect this aspect of the task performance, so we did 145 

not expect any differences in β between the stationary and dynamic situations, nor between signs using 146 

all-uppercase and titled-case, nor any interaction effects. 147 

Finally, considering that the effects of word case on the recognition of common words have been 148 

located at perceptual stages (Vergara et al., 2020), and also some evidence that the effects of a stationary 149 

or dynamic word presentation influences word perception (Tejero et al, 2019), we expected an interaction 150 

between the two factors (Sternberg, 2013). Indeed, some related evidence suggests that the visual 151 

degradation of a word affects more the recognition of all-uppercase than all-lowercase words (Garner, 152 

1981). Therefore, our hypothesis was that the advantage of titled-case over all-uppercase in response 153 

latency would be larger in the dynamic presentation, other factors being constant. 154 

 155 

Method 156 

The study was carried out conforming to the ethical standards and laws in research involving 157 

humans and had been approved by the university at which it was done. 158 

Participants 159 

Forty-eight participants were recruited from a database of volunteers to university research. 160 

Participants were randomly assigned to the stationary or dynamic condition, until completing two groups 161 

matching in gender (15 women and 9 men in each condition), and age (stationary condition: M ± SD = 162 

21.25 ± 2.05 years old; dynamic condition: M ± SD = 21.83 ± 2.51 years old; t(46)=.892, p = .377). All 163 

participants completed three blocks of trials which differed in word case: traffic signs using all-uppercase 164 

words, width-matched titled-case words, or point size-matched titled-case words (see Task and stimuli). 165 
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Power analyses with G*Power v3.1.9.6, considering a mixed ANOVA with α = .05, 1–β = .80, and a 166 

correlation among repeated measures ranging from .70 to .90, supported that a sample of 48 participants 167 

would be adequate to reliably find between-participants main effects of, at least, d = 0.74 to 0.80 (η2 = .12 168 

to .14), within-participants main effects of d = 0.17 to 0.29 (η2 = .007 to .02), and two-way interactions 169 

effects of d = 0.17 to 0.29 (η2 = .007 to .02).  170 

Task and stimuli 171 

The task ran in a Windows 10 computer, with a 15.4-inch monitor (1680 x 1050 pixels), using 172 

DMDX software (Forster & Forster, 2003). The task was individually performed in a quiet university lab, 173 

with medium light intensity. An adjustable chinrest was used to keep a viewing distance of 51 cm.  174 

Each trial of the task began with a fixation cross at the center of the screen (500 ms). Then, the 175 

participant was presented with a pair of motorway direction signs, placed side by side, displaying four 9-176 

letter words on each, i.e., eight words in total (see Figure 1). All words were actual names of Spanish 177 

cities, towns, or villages. The participant had to indicate whether or not the target (‘Candeleda’) was one 178 

of the words in the sign pair, by pressing the correct key (‘yes’, or ‘no’). The target was present in half of 179 

the trials (positive trials). One hundred and seventy-four different word sets were used (30 for practice, 180 

144 for test trials; see supplemental materials for a description of word selection; the traffic signs are at 181 

https://osf.io/p3bqg/?view_only=a3c6fc484aa4460f8cea8c4522943d94). On each positive trial, besides 182 

the target, the sign pair included three additional words beginning with ‘Ca’, whereas on each negative 183 

trial, the sign pair included four words beginning with ‘Ca’ and none of them was the target.   184 

 185 

Figure 1 186 

Some examples of the traffic signs used in positive and negative trials in the all-uppercase, width-187 

matched titled-case, and point size-matched titled-case conditions. 188 

https://osf.io/p3bqg/?view_only=a3c6fc484aa4460f8cea8c4522943d94
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  189 

 190 

Signs were designed according to official regulations, using CarDim software (I.P.S. Vial, S. L.), 191 

with black lettering in “CC Rige” font. This font, used in Spanish motorways, is based on the 192 

internationally-used Transport font. Letter size was initially set at a H height of 300 mm.  In most “CC 193 

Rige” letters, the area occupied with uppercase for a given point size is larger than with lowercase. 194 

Therefore, the manipulation of word case consisted of three conditions: All-uppercase (approximate  195 

 196 

point-size 13 pt), width-matched titled-case (i.e., a titled-case condition in which the horizontal 197 

space occupied by the target was equal to that of the uppercase condition, approximate point-size 16 pt), 198 

and point size-matched titled-case (i.e., another titled-case condition that matched in point-size with the 199 

all-uppercase condition). In the stationary condition, the signs were presented using JPG files, whereas 200 

AVI files were used in the dynamic condition. On a trial of the stationary condition, the signs remained 201 

with no changes at the center of the screen until the participant’s response or the maximum time to 202 

respond expired (five seconds). In the dynamic condition, the signs were initially presented as a tiny 203 

image at the center of the screen, with words still not legible, increasing gradually for a maximum time of 204 

six seconds, until (a) it reached a size in which the sign pair nearly covered the full screen width, or (b) a 205 

participant’s response was registered. We used Blender software to create the visual expansion effect, 206 

considering the reported initial and final sizes and a six-second animation at a uniform speed. Besides the 207 

visual motion mode, the stationary and dynamic conditions did not differ in any other aspects (see the 208 

supplemental materials for more details regarding sign size).  209 

Procedure 210 
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First, the participants read and signed an informed consent form, filled in a questionnaire about 211 

sociodemographic data, and were given task instructions. Next, they completed some practice trials, 212 

followed by the experimental trials. The session lasted about 18 min in the stationary condition and 24 213 

minutes in the dynamic condition. They were offered a soft beverage and a snack at the end of the session 214 

in appreciation for participating in the study. 215 

Design and analyses 216 

The present study was initially planned and carried out as a multi-experiment study, consisting of 217 

two independent experiments: An experiment that used stationary signs, and another experiment that used 218 

dynamic signs. These experiments only differed in this particular property of signs (visual motion: 219 

stationary or dynamic). Both experiments used a unifactorial design, with word case (all-uppercase / 220 

width-matched titled-case / point size-matched titled-case) as a within-participants factor. In each 221 

experiment, word case was manipulated in blocks, in a counterbalanced order across participants, with 222 

inter-block breaks at the participant’s discretion. Trials with and without the target (i.e., positive and 223 

negative trials) were randomly presented in each word case condition for every participant in each 224 

experiment. The participant’s response (yes / no) and response latency (milliseconds, ms) were recorded.  225 

Five measures were computed for each participant in each word case condition, in each 226 

experiment: a) percentage of hits: percentage of correct responses in positive trials, b) percentage of 227 

correct rejections: percentage of correct responses in negative trials, c) d′: SDT measure of task accuracy 228 

(Stanislaw & Todorov, 1999), reflecting the participant’s ability to discriminate between positive and 229 

negative trials (the higher the d′ value, the better the accuracy is); d) β: SDT measure of response criterion 230 

(Stanislaw & Todorov, 1999), i.e., if the participant showed a tendency to respond ‘yes’ (liberal criterion, 231 

if β < 1), or a tendency to respond ‘no’ (conservative criterion, if β > 1); and e) the participant’s mean 232 

latency in correct response trials.  233 

Since the aim of the present work was to examine the differences in the word case effects between 234 

the stationary and dynamic conditions, we report the results from analyses that combined the data from 235 

the two experiments. On the one hand, following methodological recommendations for the analysis of 236 

categorical data (e.g., Jaeger, 2008), both the percentage of hits and correct rejections were submitted to 237 

generalized linear mixed models (GLMM) using JASP software (JASP Team, 2021). In particular, we 238 

performed two separate GLMM with a binomial distribution (logit), considering response accuracy (hits 239 

or correct rejections) at the trial level as the dependent variable; word case (all-uppercase / width-matched 240 
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titled-case / point size-matched titled-case) and visual motion (stationary or dynamic) as fixed effects 241 

variables; and random intercept for each participant. Other models including random slopes were tested 242 

but failed to converge successfully. Post-hoc testing was performed with Bonferroni p-value adjustment. 243 

On the other hand, the continuous measures, d′, β, and mean response latency, were subjected to analyses 244 

of variance (ANOVA) using IBM SPSS 28.0.1.1. We carried out three separate mixed ANOVA with 245 

word case (all-uppercase / width-matched titled-case / point size-matched titled-case) as a within-246 

participants factor, and visual motion (stationary or dynamic) as a between-participants factor. Bonferroni 247 

adjustment was used for post hoc tests.  248 

 249 

Results 250 

All data can be downloaded from 251 

https://osf.io/p3bqg/?view_only=a3c6fc484aa4460f8cea8c4522943d94. Responses were recorded in a 252 

total of 6912 trials, for all participants and conditions (24 Participants x 2 Visual motion conditions x 3 253 

Word case conditions x 48 Signs). All response omissions (n = 6 omissions) occurred in the stationary 254 

condition (0.17 % of trials in this condition). Descriptive statistics of the measures can be found in Table 255 

1 and Table 2 in the ‘Data tables’ supplementary file (Table 1 shows statistics of hits and correct 256 

rejections, and Table 2 shows statistics of d′, β, and mean response latency). 257 

Hits 258 

The GLMM analysis of the percentage of hits supported a significant main effect of visual motion 259 

(X2 (1, 48) = 12.924, p < .001), showing that the accuracy in positive trials was higher in the stationary 260 

condition (90.7 %) as compared to the dynamic condition (81.7 %). The main effect of word case (X2 (2, 261 

48) = 11.841, p = .003) was also statistically significant. Further analyses with Bonferroni adjustment 262 

revealed that the accuracy in positive trials was higher in the width-matched case condition as compared 263 

to the all-uppercase condition (89.3 % vs. 84.6 %, z = 3.290, p = .003). The comparison of width-matched 264 

case condition and the point size-matched titled case condition was non-significant (89.3 % vs. 86.1 %, z 265 

= 2.376, p < 0.053), as neither was the comparison between the all-uppercase and the point size-matched 266 

case conditions (84.6 % vs. 86.1 %, z = 0.999, p = .954). Finally, the Visual motion × Word case 267 

interaction was not significant (X2 (2, 48) = 2.359, p = .307).  268 

Correct rejections 269 
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The GLMM analysis of the percentage of correct rejections did not support significant main 270 

effects, nor interaction (all p > .280). However, these results must be considered with care, considering 271 

that the fit for the GLMM was singular, and no other model including a more complex random effect 272 

structure successfully converged. In any case, it must be noted that accuracy in the negative trials was 273 

extremely high and there was scarce variability across the different conditions (the minimum percentage 274 

of correct rejections per condition was 98.1% and the maximum was 99.31%; see Table 2, in the ‘Data 275 

tables’ supplementary file). 276 

d′ 277 

Figure 2 shows d′ as a function of visual motion and word case. The results of the 2 × 3 ANOVA 278 

performed on d′, with visual motion (stationary vs. dynamic) as a between-participants factor and word 279 

case (all-uppercase, width-matched titled case, and point size-matched titled case) as a within-participants 280 

factor, supported a significant main effect of visual motion (F (1,46) = 11.853, p = .001, ηp
2 = .205), 281 

showing that d′ was higher (i.e., better task accuracy) in the stationary condition (see Table 3 in the ‘Data 282 

tables’ supplementary file). The effect of word case was significant (F (2,92) = 6.883, p = .002, ηp
2 = .130 283 

(see Table 4 in the ‘Data tables’ supplementary file). Paired comparison tests supported lower d′ (i.e., 284 

worse task accuracy) in signs using all-uppercase than in signs using width-matched titled-case (p < 285 

.001), whereas the differences in the other comparisons did not reach the significance level (for point 286 

size-matched titled-case versus all-uppercase: p = .083; for point size-matched versus width-matched 287 

titled-case: p = .062). The interaction effect was not significant (F (2,92) = .310, p = .734, ηp
2 = .007). 288 

 289 

Figure 2  290 

Mean d′ for each word case condition (all-uppercase, width-matched titled case, and point size-matched 291 

titled case) at each visual motion condition (stationary vs. dynamic). Error bars represent the 95% 292 

confidence interval of the mean. 293 
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 294 

 295 

β 296 

Figure 3 shows β as a function of visual motion and word case. The results of the 2 × 3 ANOVA 297 

performed on β, with visual motion (stationary vs. dynamic) as a between-participants factor and word 298 

case (all-uppercase, width-matched titled case, and point size-matched titled case) as a within-participants 299 

factor, did not support a main effect of word case (F (2,92) = 2.062, p = .133, ηp
2 = .043). The main effect 300 

of visual motion was significant (F (1,46) = 15.717, p < .001, ηp
2 = .255). Overall, the response criterion 301 

was more conservative in the dynamic condition (see Table 5 in the ‘Data tables’ supplementary file). The 302 

interaction effect was not significant (F (2,92) = 1.618, p = .204, ηp
2 = .034). 303 

 304 

Figure 3  305 

Mean β for each word case condition (all-uppercase, width-matched titled case, and point size-matched 306 

titled case) at each visual motion condition (stationary vs. dynamic). Error bars represent the 95% 307 

confidence interval of the mean. 308 

 309 
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 311 

Response latency 312 

Figure 4 shows the mean latencies in correct responses, as a function of visual motion, word case, 313 

and target presence. Mean response latency was shorter in the stationary condition (stationary: M = 314 

1965.01, SD = 361.77, 95 % CI= [1828.28, 2101.74]; dynamic: M = 4212.07, SD = 300.99, 95 % CI= 315 

[4075.34, 4348.80]), which is not surprising, considering that the words in the signs were legible from the 316 

beginning of trial in the stationary condition, but not so in the dynamic condition. Therefore, considering 317 

that the stationary and dynamic conditions were manipulated between participants, the analysis of 318 

response latency was performed using z-scores of the correct response latencies, computed following 319 

Faust et al.’s indications (1999). Figure 5 shows these z-scores as a function of visual motion, word case, 320 

and target presence. Some descriptive statistics of these z-scores can be found in Table 6 (in the ‘Data 321 

tables’ supplementary file).  322 

The 2 × 3 × 2 mixed ANOVA on the latency z-scores, with visual motion as a between-323 

participants factor and word case and target presence as within-participants factors, showed significant 324 

results for the main effect of word case (F (2,92) = 43.022, p < .001, ηp
2 = .483; see Table 7 in the ‘Data 325 

tables’ supplementary file). According to pair comparisons, slower responses were observed in the all-326 

uppercase condition than in the width-matched titled-case condition (p < .001), and the point size-327 

matched titled-case condition showed slower responses than the all-uppercase condition (p = .009) or the 328 

width-matched titled-case condition (p < .001). The main effect of target presence was significant (F (1,46) 329 

= 2765.256, p < .001, ηp
2 = .984), with slower responses in the trials without the target. As expected after 330 
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the normalization of the latencies, the main effect of visual motion was not significant (F (1,46) < .001, p = 331 

1.000, ηp
2 = .000).  332 

A significant effect was found for the interaction Visual motion × Word case (F (2,92) = 35.634, p < 333 

.001, ηp
2 = .437; see Table 8 in the ‘Data tables’ supplementary file). The analysis of the simple effects of 334 

the word case condition across the levels of visual motion condition showed that, in the stationary 335 

condition, response latency was higher in the all-uppercase condition, as compared to the point size-336 

matched titled-case (t(1,92) = 2.79, p = .006) and the width-matched titled-case conditions (t(1,92) = 3.91, p 337 

< .001), whereas there was no significant difference between the two latter (t(1,92) = 1.12, p = .026). In 338 

contrast, in the dynamic condition, latency was lower in width-matched titled-case condition, as 339 

compared to the all-uppercase (t(1,92) = -5.58, p < .001) and point size-matched titled-case (t(1,92) = -11.78, 340 

p < .001) conditions, and it was also lower in the all-uppercase condition as compared to the point size-341 

matched titled-case condition (t(1,92) = -7.20, p < .001). We compared the reported simple effects and such 342 

analysis revealed that the differences between the point size-matched titled-case and the all-uppercase 343 

conditions (t(1,92) = 7.06, p < .001) and between the point size-matched titled-case and the width-matched 344 

titled-case conditions (t(1,92) = 7.54, p < .001) actually diverged between the two visual motion conditions. 345 

In contrast, the difference reported between the width-matched titled-case and the all-uppercase 346 

conditions (t(1,92) = 0.48, p = .64) was similar in both stationary and dynamic visual motion conditions. 347 

The two-way interaction Visual motion × Target presence was significant (F (1,46) = 11.602, p = 348 

.001, ηp
2 = .201; see Table 9 in the ‘Data tables’ supplementary file). The analysis of the simple effects of 349 

target presence across the levels of visual motion revealed that the mean differences between positive and 350 

negative trials were greater in the stationary (F (1,46) = 1567.543, p < .001, ηp
2 = .971) than in the dynamic 351 

condition (F (1,46) = 1209.315, p < .001, ηp
2 = .963). 352 

The two-way interaction Word case × Target presence was not significant (F (2,92) = .605, p = .548, 353 

ηp
2 = .013), nor the three-way interaction (F (2,92) = 1.776, p = .175, ηp

2 = .037). 354 

 355 

Figure 4  356 

Mean response latency (ms) for each word case condition (all-uppercase, width-matched titled case, and 357 

point size-matched titled case) at each visual motion condition (stationary vs. dynamic), in each target 358 

presence condition (positive vs. negative trials). Error bars represent the 95% confidence interval of the 359 

mean. 360 
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 361 

 362 

Figure 5  363 

Z-score of response latency for each word case condition (all-uppercase, width-matched titled case, and 364 

point size-matched titled case) at each visual motion condition (stationary vs. dynamic), in each target 365 

presence condition (positive vs. negative trials). Error bars represent the 95% confidence interval of the 366 

mean. 367 

 368 
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 369 

 370 

 371 

Discussion 372 

Word recognition in stationary versus dynamic situations 373 

As expected, the task performance in the dynamic condition was worse than in the stationary 374 

condition, at least in terms of hits, d′, and response latency. In addition, participants in the dynamic 375 

condition showed a reduction of the mean difference between the correct response latencies in positive 376 

and negative trials. Altogether, these results are consistent with the idea that the dynamic presentation of 377 

the signs affected the quality of the visual input, which increased the difficulty of the search for the 378 

targeted word with respect to the stationary condition.  379 

The dynamic condition was also associated with a more conservative response criterion than the 380 

stationary condition. This result was observed despite the visual motion conditions not differing in any of 381 
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the factors typically mentioned when discussing differences in response criterion, such as the instructions 382 

given to participants, relative frequency of positive and negative trials, or the consequences of correct and 383 

wrong responses. Still, considering that the response criterion tends to be more conservative in prolonged 384 

or boring tasks (McCarley & Yamani, 2021), we can speculate that the more conservative criterion in the 385 

dynamic condition was observed because, overall, the completion of the task took the participant longer 386 

time, as a consequence of the gradual presentation of the signs.  387 

Recognition of city names with all-uppercase versus titled-case  388 

We expected that in both situations, stationary and dynamic, hits, correct rejections, and d′ would 389 

be lower and/or the latency of correct responses would be slower in signs using all-uppercase than in 390 

signs using width-matched titled-case, whereas β would not vary with the word case. The results 391 

regarding hits, d′, and response latency supported these predictions. We also expected that the advantage 392 

of titled-case over all-uppercase in response latency, for words equal in size, would be bigger in the 393 

dynamic condition than in the stationary condition. The results showed a significant effect of the 394 

interaction between word case and visual motion on response latency, but contrary to our expectation, the 395 

disadvantage of all-uppercase over width-matched titled-case was not greater in the dynamic than in the 396 

stationary condition. This expectation was derived from the idea that visual motion, as a factor that 397 

impairs the visual quality of the word input, should affect more the recognition of all-uppercase words 398 

than width-matched titled-case words, which was suggested by some related results showing that the 399 

visual degradation of a word affects more the recognition of all-uppercase than all-lowercase words 400 

(Garner, 1981). It might be that our experimental manipulation of visual motion was insufficient to 401 

generate differences in word input quality between all-uppercase and width-matched titled-case words. 402 

For example, these differences might appear in situations where the visual expansion of the sign is faster 403 

than in the present study. In addition, or alternatively, there might be other factors behind the lack of 404 

support for our hypothesis regarding the details of the interaction between visual motion and word case. 405 

For example, it might be that the concurrence of two difficult circumstances, such as an all-uppercase 406 

format and a dynamic viewing situation, led to participants increasing their mental effort to perform the 407 

task, compared to the effort made to respond to width-matched titled-case signs in the dynamic condition. 408 

In any case, from a practical perspective, altogether, these results suggest that the titled-case format be 409 

recommended both in steady and dynamic reading circumstances. 410 
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When the signs differed in word case and word size (i.e., signs using all-uppercase words versus 411 

signs using point size-matched titled-case words), the differences in response latency showed opponent 412 

patterns in the stationary and dynamic conditions. In the stationary condition, the search was slower in 413 

all-uppercase than in point size-matched titled-case, whereas in the dynamic condition, the search was 414 

faster in all-uppercase than in point size-matched titled-case. Therefore, in the stationary condition, the 415 

size advantage of the words in all-uppercase was not enough to cancel the effects of word case, while in 416 

the dynamic condition, word size seemed to be more important than word case. Consistent with this 417 

interpretation, we did not find significant differences in response latency between width-matched titled 418 

case and point size-matched titled-case in the stationary condition, whereas in the dynamic condition, the 419 

response was faster in signs using width-matched titled case than signs using point size-matched titled-420 

case. All these results should be interpreted considering that in each word case condition, responses to 421 

dynamic signs were generally given before the size of each word in the sign reached the size of each word 422 

in stationary signs (as previously noted, in the stationary condition, word size was constant during trial 423 

and far above threshold, whereas in the dynamic condition, the sign expanded during trial, from a level so 424 

small that the words were not even visible, to the size level used for words in stationary signs). Thus, the 425 

results pertaining the dynamic condition would suggest that word size is more important than word case 426 

when the visual input for the word is small. This interpretation is consistent with results from previous 427 

studies on the threshold of identification of the letters in a word, i.e., the smallest letter point size at which 428 

a person can identify most of the letters in the word, using letter fonts that were larger with uppercase 429 

than lowercase, as the letter font used in the present study. For example, Arditi & Cho (2007) found that 430 

the point size threshold in letter identification was lower (i.e., better) for all-uppercase words than all-431 

lowercase words using Arial.  432 

In sum, the results supported that the all-uppercase format would be worse than the titled-case 433 

format to recognize a city name in multiple-word traffic signs, all other things being equal, and visual 434 

motion would not produce significant differences in this effect. The recognition of the word would be still 435 

worse in all-uppercase than in a (smaller) point size-matched titled word if the situation is stationary, but 436 

not in a dynamic condition, where the recognition would be better in all-uppercase than in a (smaller) 437 

point size-matched titled word. 438 

The first word letter can be particularly important to recognize a word visually (Scaltritti & Balota, 439 

2013), and in the present study, in all the words in the sign, the first letter was slightly larger if the sign 440 
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used width-matched titled-case than if it used all-uppercase, so we cannot rule out that this factor could 441 

have contributed to the study results. Still, we think that the main reason that word recognition was better 442 

in signs using titled-case than in signs using all-uppercase was word case, at least in the stationary 443 

condition, which is the option generally used in studies on the role of the first letter in word recognition. 444 

We think so because, in the stationary condition, task performance in the width-matched titled-case 445 

condition was better than in the all-uppercase condition, whereas the differences in task performance 446 

between width-matched titled-case and point size-matched titled-case were not significant. The 447 

expectation based on the differences in the size of the first word letter would be that the pattern of results 448 

for the comparison width-matched titled-case versus all-uppercase should be similar than the pattern for 449 

the comparison width-matched titled-case versus point size-matched titled-case, given that the differences 450 

in the size of the first word letter between width-matched titled-case and all-uppercase were exactly same 451 

as the differences between width-matched titled-case and point size-matched titled-case. Even so, there is 452 

another point that could be argued regarding the potential role of the first letter of the word to explain the 453 

present results: in the titled-case condition (both in the width-matched and the point-size matched 454 

condition), in all the words in the sign, the first letter was larger than the other letters of the word, 455 

whereas in the all-uppercase condition, all the letters in the word were same size. Yet still, the argument 456 

fits with the results in the stationary condition, but not so with the results in the dynamic condition, in 457 

which the task performance in the point size-matched condition was worse than in the all-uppercase 458 

condition. 459 

 460 

Limitations 461 

The conclusions from our study are limited to the search for a given word in multiple-word traffic 462 

signs. In this situation, the performance of the task can be influenced by the word legibility, but also by 463 

the discriminability of the word from the other words. Further research can address the question of the 464 

effects of all-uppercase or titled-case on the recognition of words in single-word signs, in which word 465 

discriminability is not involved. Further studies are also needed to know if the present results generalize 466 

to situations in which the person did not know the word/s in the traffic sign, for example, in the reading of 467 

unknown names of cities shown in traffic signs posted along the way to our destination. According to 468 

Garvey et al. (1997), the word processing in such situations is more dependent on the letter legibility, 469 
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whereas the word processing in word recognition tasks (such as our word search task) would be guided by 470 

the mental representation of the targeted word and it might be influenced by ad hoc strategies. 471 

We only recruited young adults, and the sample size of the present study may be considered as 472 

limited to guarantee properly powered analyses according to current standards of excellence (see, for 473 

example, Brysbaert, 2019). Therefore, we cannot rule out that some of the effects reported as non-474 

significant would actually be present in a more powered study. 475 

The current experiment was completed in a highly controlled lab setting, and we only evaluated 476 

the performance of the task in a single-task condition. Therefore, the reported results may present limited 477 

ecological validity in comparison to driving simulator or field studies. First, as described in the methods 478 

section, the traffic signs were designed using a professional software used by road engineers, but it is 479 

possible that the presentation format (i.e., a digital image or video shown on a computer monitor) would 480 

introduce a potential bias. Second, the use of experimental methods in a lab setting made it possible to 481 

control for some critical variables, but a number of other potentially influential variables were not 482 

considered in the current study. For example, we only presented direction traffic signs containing city 483 

names. Similarly, all signs were presented at the center on the screen monitor (thus foveal vision was 484 

mainly involved), and no other task was required (thus participants were able to pay full attention). These 485 

circumstances may not be present in real driving situations (e.g., when driving through heavy traffic). 486 

Therefore, additional studies using more complex situations should be also performed, for example, 487 

driving simulation studies in which participants are asked to make decisions considering the information 488 

provided by traffic signs that use titled-case or all-uppercase. 489 

 490 

Conclusions 491 

It is recommended that city names use titled-case in traffic signs, if all other relevant factors are 492 

held constant. The study’s results indicate road users will likely search more slowly and be less accurate 493 

to find a city name among other destinations in a traffic sign when all of the word letters are in uppercase 494 

than when the word uses the titled-case format. In stationary viewing conditions, the advantage of titled-495 

case over all uppercase can persist even when the words are slightly smaller with titled-case. In addition, 496 

this study demonstrates that results from visual word recognition research using a stationary stimulus 497 

presentation may not apply to dynamic situations. 498 

  499 
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Practical implications 500 

The titled-case format should be prioritized over the all-uppercase format for city names in traffic 501 

signs, and it seems plausible to extend this recommendation to other contexts, in which city names should 502 

be recognized rapidly, for example, on the displays of in-vehicle devices. In dynamic situations, the word 503 

design should consider size and case jointly. Importantly, a straightforward application of the results from 504 

research on visual word recognition using a stationary stimulus presentation to dynamic situations should 505 

be avoided. 506 

 507 

Key points 508 

• Traffic signs use all-uppercase or titled-case for city names. 509 

• The case effects on word search in stationary and dynamic conditions were compared. 510 

• Accuracy and response latency were worse in all-uppercase than titled-case (same word size).  511 

• In stationary viewing conditions, the advantage of titled-case persisted with slight differences in 512 

the signs’ word size. 513 

• In dynamic viewing conditions, word size differences produced the reversed pattern in the 514 

effects of case. 515 

 516 

References 517 

Arditi, A., & Cho, J. (2007). Letter case and text legibility in normal and low vision. Vision Research, 47, 518 

2499-2505. https://doi.org/10.1016/j.visres.2007.06.010 519 

Baron, J., & Strawson, C. (1976). Use of orthographic and word-specific knowledge in reading words 520 

aloud. Journal of Experimental Psychology: Human Perception and Performance, 2, 386-393. 521 

https://doi.org/10.1037/0096-1523.2.3.386 522 

Breland, K., & Breland, M. (1944). Legibility of newspaper headlines printed in capitals and in lower 523 

case. Journal of Applied Psychology, 28, 117-120. https://doi.org/10.1037/h0053815 524 

Faust, M.E., Balota, D. A., Spieler, D.H., & Ferraro, F.R. (1999). Individual differences in information-525 

processing rate and amount: Implications for group differences in response latency. Psychological 526 

Bulletin, 125, 777-799. https://doi.org/10.1037/0033-2909.125.6.777 527 



22 
 

Forbes T. W., Moskowitz, K., & Morgan, G. (1950). A comparison of lower case and capital letters for 528 

highway signs. Proceedings of the Annual Meeting of the Highway Research Board, 30, 355-373. 529 

Washington, D.C.  530 

Forster, K., & Forster, J.C. (2003). DMDX: A Windows display program with millisecond accuracy. 531 

Behavior Research Methods, Instruments, & Computers, 35, 116-124. 532 

https://doi.org/10.3758/bf03195503 533 

Garner, W.R. (1981). The role of configuration in the identification of visually degraded words. Memory 534 

& Cognition, 9, 445-452. 535 

Garvey, P. M., Pietrucha, M. T., & Meeker, D. (1997). Effects of font and capitalization on legibility of 536 

guide signs. Transportation Research Record, 1605(1), 73-79.  537 

Gontijo, P. F., Rayman, J., Zhang, S., & Zaidel, E. (2002). How brand names are special: brands, words, 538 

and hemispheres. Brain and Language, 82(3), 327-343. https://doi.org/10.1016/s0093-539 

934x(02)00036-6 540 

Green, D.M., & Swets, J. (1966). Signal detection theory and psychophysics. Wiley, New York.  541 

Hautus, M. J., Macmillan, N. A., & Creelman, C. D. (2022). Detection theory: A user's guide (3rd ed.). 542 

Routdledge, New York. https://doi.org/10.4324/9781003203636 543 

Henderson, L., & Chard, J. (1976). On the nature of the facilitation of visual comparisons by lexical 544 

membership. Bulletin of the Psychonomic Society, 7, 432-434. 545 

https://doi.org/10.3758/BF03337238 546 

JASP Team (2021). JASP (Version 0.16) [Computer software]. 547 

Jones, M.N., & Mewhort, D. (2004). Case-sensitive letter and bigram frequency counts from large-scale 548 

English corpora. Behavior Research Methods, Instruments, & Computers, 36, 388-396. 549 

https://doi.org/10.3758/BF03195586 550 

Mayall, K., & Humphreys, G. (1996). Case mixing and the task-sensitive disruption of lexical processing. 551 

Journal of Experimental Psychology: Learning, Memory and Cognition, 22, 278-294. 552 

https://doi.org/10.1037/0278-7393.22.2.278 553 

McCarley, J. S., & Yamani, Y. (2021). Psychometric curves reveal three mechanisms of vigilance 554 

decrement. Psychological Science, 32(10), 1675-1683. 555 

https://doi.org/10.1177/09567976211007559 556 

https://doi.org/10.4324/9781003203636
https://doi.org/10.3758/BF03337238
https://doi.org/10.1037/0278-7393.22.2.278


23 
 

Paap, K., Newsome, S., & Noel, R. (1984). Word shape's in poor shape for the race to the lexicon. 557 

Journal of Experimental Psychology. Human Perception and Performance, 10(3),413-428. 558 

https://doi.org/10.1037//0096-1523.10.3.413 559 

Paterson, D., & Tinker, M. (1946). Readability of newspaper headlines printed in capitals and in lower 560 

case. The Journal of Applied Psychology, 30, 161-168. https://doi.org/10.1037/h0060093 561 

Perea, M., Jiménez, M., Talero, F., & López-Cañada, S. (2015). Letter-case information and the 562 

identification of brand names. British Journal of Psychology, 106(1). 162-173. 563 

https://doi.org/10.1111/bjop.12071 564 

Perea, M., Marcet, A., & Vergara-Martínez, M. (2018). Are you taking the fastest route to the 565 

RESTAURANT?: The role of the usual letter-case configuration of words in lexical decision. 566 

Experimental Psychology, 65, 98-104. https://doi.org/10.1027/1618-3169/a000391 567 

Perea, M., & Rosa, E. (2002). Does “whole-word shape” play a role in visual word recognition? 568 

Perception & Psychophysics, 64, 785-794. https://doi.org/10.3758/BF03194745 569 

Perea, M., Rosa, E., & Marcet, A. (2017). Where is the locus of the lowercase advantage during sentence 570 

reading? Acta Psychologica, 177, 30-35. https://doi.org/10.1016/j.actpsy.2017.04.007 571 

Peressotti, F., Cubelli, R., & Job, R. (2003). On recognizing proper names: The orthographic cue 572 

hypothesis. Cognitive Psychology, 47, 87-116. https://doi.org/10.1016/s0010-0285(03)00004-5 573 

Poulton, E. (1967). Searching for newspaper headlines printed in capitals or lower-case letters. The 574 

Journal of Applied Psychology, 51(5), 417-425. https://doi.org/10.1037/h0025098 575 

Pusnik, N., Mozina, K., & Podlesek, A. (2016). Effect of typeface, letter case and position on recognition 576 

of short words presented on-screen. Behaviour & Information Technology, 35, 442-451. 577 

https://doi.org/10.1080/0144929X.2016.1158318 578 

Rho, C. H. J. (2001). Aging and orthography: A study of mixed -case reading. Ph. D. dissertation. 579 

University of California, Los Angeles. ProQuest Dissertations Publishing. 580 

Scaltritti, M., & Balota, D. A. (2013). Are all letters really processed equally and in parallel? Further 581 

evidence of a robust first letter advantage. Acta Psychologica, 144(2), 397-410. 582 

https://doi.org/10.1016/j.actpsy.2013.07.018 583 

Seymour, P.H., & Jack, M.V. (1978). Effects of visual familiarity on “same” and “different” decision 584 

processes. Quarterly Journal of Experimental Psychology, 30, 455-469. 585 

https://doi.org/10.1080/00335557843000052 586 

https://doi.org/10.1016/j.actpsy.2013.07.018
https://doi.org/10.1080/00335557843000052


24 
 

Slattery, T. J., & Rayner, K. (2010). The influence of text legibility on eye movements during reading. 587 

Applied Cognitive Psychology, 24(8), 1129-1148. https://doi.org/10.1002/acp.1623 588 

Smith, F., Lott, D., & Cronnell, B. (1969). The effect of type size and case alternation on word 589 

identification. The American Journal of Psychology, 82, 2, 248-253. 590 

https://doi.org/10.2307/1421250 591 

Stanislaw, H., & Todorov, N. (1999). Calculation of signal detection theory measures. Behavior Research 592 

Methods, Instruments, & Computers, 31, 137-149. https://doi.org/10.3758/BF03207704 593 

Sternberg, S., 2013. The meaning of additive reaction-time effects: some misconceptions. Frontiers in 594 

Psychology, 4, 744. https://doi.org/10.3389/fpsyg.2013.00744 595 

Tejero, P., Insa, B., & Roca, J. (2019). Reading traffic signs while driving: are linguistic word properties 596 

relevant in a complex, dynamic environment? Journal of Applied Research in Memory and 597 

Cognition, 8, 202-213. https://doi.org/10.1016/j.jarmac.2019.02.003 598 

Vergara-Martínez, M., Perea, M., & Leone-Fernández, B. (2020). The time course of the lowercase 599 

advantage in visual word recognition: An ERP investigation. Neuropsychologia, 146. 600 

https://doi.org/10.1016/j.neuropsychologia.2020.107556 601 

 602 

Biographies 603 

Pilar Tejero Gimeno is an associate professor in the Psicología Básica department at University of 604 

Valencia in Spain, and also a researcher at ERI-Lectura (Interdisciplinary Research Structure on Reading, 605 

Spain). She received her PhD in Psychology from University of Valencia in 1995. 606 

Laura Royo Sarralde is a doctoral student at the University of Valencia in Spain, and also a 607 

researcher at ERI-Lectura (Interdisciplinary Research Structure on Reading, Spain). 608 

Javier Roca Ruiz is an associate professor in the Psicología Evolutiva y de la Educación 609 

department at University of Valencia in Spain, and also a researcher at ERI-Lectura (Interdisciplinary 610 

Research Structure on Reading, Spain). He received his PhD in Experimental Psychology from University 611 

of Granada in Spain in 2012. 612 

 613 

Compliance with Ethical Standards 614 

All procedures performed in the study were in accordance with the ethical standards of the 615 

institutional and/or national research committee and with the 1964 Helsinki declaration and its later 616 

https://doi.org/10.3389/fpsyg.2013.00744
https://doi.org/10.1016/j.neuropsychologia.2020.107556


25 
 

amendments or comparable ethical standards. Informed consent was obtained from all participants in the 617 

study. The study was approved by the University of Valencia (Spain) ethics committee for research 618 

involving humans. The data reported in this manuscript have not been used in other previous articles. 619 

 620 

Funding 621 

This study is part of the R+D+i project PID2019-106562GB-I00, funded by 622 

MCIN/AEI/10.13039/501100011033, and the AICO/2021/290 project, funded by the Conselleria de 623 

Innovación, Universidades, Ciencia y Sociedad Digital of the Generalitat Valenciana. The funding 624 

sources had no other role other than financial support.  625 

 626 

Conflict of Interest 627 

The authors have no competing interests to declare that are relevant to the content of this article. 628 

 629 

Ackwnoledgments 630 

We thank the Ministerio de Fomento (Ministry of Development) of the Spanish Government for 631 

their support and interest in the results of this study, and also all volunteers who participated. 632 

 633 

Author contribution 634 

P.T.G. and J.R.R. conceived the study, designed the methods, processed and analyzed data, and 635 

worked on the acquisition of financial support. L.R.S. recruited participants, performed the experiments, 636 

and prepared the figures for the manuscript. P.T.G. prepared the manuscript, with the assistance of J.R.R. 637 



Supplementary materials 

Finding a city name in a traffic sign: Effects of word case and visual motion 

 

Description of the stimulus selection process 

Stimuli (simulated traffic signs) were generated by using a list of 121 different place names, including 

the target. Two different resources were used to obtain this list: A database provided by the Spanish National 

Statistics Institute (Instituto Nacional de Estadística, INE) containing names of inhabited locations 

(https://www.ine.es/daco/daco42/codmun/codmunmapa.htm), and the EsPal word database based on written 

data from the web, government sources, newspapers, and literature (https://www.bcbl.eu/databases/espal/), 

which provides a number of properties of Spanish words.  

Firstly, we obtained all location names consisting of a single 9-letter word from the INE database, which 

produced an initial pool of 622 words. The places in the area of the study with same two first letters as the target 

(‘Ca’) were removed from the initial pool. From the remaining words, those that met the following criteria were 

chosen as distractors: a) Low-difficulty distractors (N = 24): Names of places in the area of the study, or names 

with a frequency equal to or higher than 10 times per million words in the EsPal database which did not start 

with ‘Ca’; b) Medium-difficulty distractors (N = 48): Words with a frequency equal to or lower than 8 times per 

million words in EsPal which did not start with ‘Ca’; and c) High-difficulty distractors (N = 48): Words with 8 

or fewer times per million words in EsPal starting by ‘Ca’.  

In positive trials, every word set included the target and seven additional words randomly chosen as 

follows: Two words from the low-difficulty distractor set, two words from the medium-difficulty distractor set, 

and three words from the high-difficulty distractor set. Both in low-difficulty and medium-difficulty distractors, 

the selection was restricted to avoid having two words begin with the same letter. The likelihood of presenting a 

high-difficulty distractor was the same for all word locations. The target was presented the same number of 

trials at each word location, and thus it appeared the same number of times in either the left and the right visual 

field. The word sets in negative trials were the same as in positive trials, excepting that the target was replaced 

by another distractor from the high-difficulty distractor set.  

 

Stimulus size 

A stationary stimulus subtended 9.24° x 3.41° of visual angle (418 x 154 pixels) at the viewing distance 

(51 cm). The target word subtended approximately 2.52° (114 pixels) wide in both all-uppercase and width-

https://www.ine.es/daco/daco42/codmun/codmunmapa.htm


matched titled-case conditions, and 2.06° (93 pixels) in the point size-matched titled-case condition. Therefore, 

the average width of the letters in the target was, respectively, 0.28° (13 pixels) and 0.23° (10 pixels). In 

consequence, in all three case conditions, letter size was within the range for maximum reading speed (0.2° - 

2.0°, as estimated by Legge & Bigelow, 2011). In the dynamic presentation, at the beginning of the trial, the 

target word subtended 0.54° of visual angle in the all-uppercase and width-matched titled-case conditions, 

reaching a maximum size of 8.51° at the trial end. In the point size-matched titled-case condition, the target 

subtended 0.44° at the trial beginning, and a maximum of 6.92° at the trial end. 
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Supplementary Table 1 

Percentage (%), standard deviation (SD), and confidence intervals (95 % CI, Lower and Upper) of hits 

(correct responses in positive trials) and correct rejections (correct responses in negative trials), by 

visual motion (stationary or dynamic) and word case (all-uppercase, width-matched titled-case, or point 

size-matched titled-case). 

 

 

Stationary 

95 % CI 

Dynamic 

95 % CI 

 % SD Lower Upper % SD Lower Upper 

Hits                 

All-uppercase 88.54 31.88 85.65 91.03 75.52 43.03 71.8 78.98 

Width-matched titled 90.97 28.68 88.33 93.18 84.03 36.67 80.78 86.93 

Point size-matched titled 88.02 32.5 85.09 90.56 80.21 39.88 76.72 83.39 

Correct rejections 
        

All-uppercase 98.09 13.7 96.61 99.04 98.96 10.16 97.75 99.62 

Width-matched titled 99.31 8.31 98.23 99.81 98.96 10.16 97.75 99.62 

Point size-matched titled 99.13 9.28 97.99 99.72 99.31 8.31 98.23 99.81 

 

  



Supplementary Table 2 

Mean (M), standard deviation (SD), and confidence intervals (95 % CI, Lower and Upper) of d', β, and 

response latency (ms) by visual motion (stationary or dynamic), word case (all-uppercase, width-matched 

titled-case, or point size-matched titled-case), and target presence (positive vs. negative trials). 

 

 

Stationary 

95 % CI 

Dynamic 

95 % CI 

 M SD Lower Upper M SD Lower Upper 

d'                 

All-uppercase 3.2 0.5 3.0 3.4 2.7 0.5 2.5 2.9 

Width-matched titled 3.4 0.5 3.2 3.6 3.0 0.5 2.8 3.2 

Point size-matched titled 3.3 0.5 3.1 3.5 2.9 0.5 2.7 3.1 

β 
        

All-uppercase 2.9 1.7 2.1 3.6 5.1 1.9 4.3 5.8 

Width-matched titled 2.9 1.6 2.1 3.6 4.1 1.9 3.3 4.8 

Point size-matched titled 3.3 2.0 2.5 4.0 4.7 1.7 3.9 5.4 

Response latency (ms) 
        

Positive trials 
        

All-uppercase 1713.5 322.0 1577.6 1849.5 3859.6 271.3 3745.0 3974.2 

Width-matched titled 1560.9 380.0 1400.4 1721.3 3652.8 371.4 3496.0 3809.7 

Point size-matched titled 1579.9 308.5 1449.7 1710.2 4172.4 225.0 4077.4 4267.5 

Negative trials 
        

All-uppercase 2439.7 554.8 2205.4 2674.0 4500.3 368.3 4344.8 4655.8 

Width-matched titled 2205.2 384.3 2042.9 2367.5 4336.6 426.3 4156.6 4516.6 

Point size-matched titled 2290.9 483.6 2086.7 2495.1 4750.6 302.7 4622.8 4878.5 

 

 

 

 

 



Supplementary Table 3 

Descriptive statistics regarding the effect of visual motion (stationary or dynamic) on d' 

  Stationary Dynamic 

  M SD 

95 % CI 

M SD 

95 % CI 

Lower Upper Lower Upper 

d' 3.3 .4 3.1 3.5 2.9 .4 2.7 3.1 

 

 

 

 

Supplementary Table 4 

Descriptive statistics regarding the effect of word case (all-uppercase, width-matched titled-case, or point 

size-matched titled-case) on d' 

  M SD 

95 % CI 

Lower Upper 

d'         

All-uppercase 3.0 .6 2.8 3.1 

Width-matched titled 3.2 .5 3.1 3.4 

Point size-matched titled 3.1 .5 2.9 3.2 

 

 

Supplementary Table 5 

Descriptive statistics regarding the effect of visual motion (stationary or dynamic) on β 

  Stationary Dynamic 

  M SD 

95 % CI 

M SD 

95 % CI 

Lower Upper Lower Upper 

β 3.0 1.4 2.5 3.6 4.6 1.4 4.0 5.2 

 

 

 



Supplementary Table 6 

Mean (M), standard deviation (SD), and confidence intervals (95 % CI, Lower and Upper) of the 

normalized response latency (z-scores) by visual motion (stationary or dynamic), word case (all-

uppercase, width-matched titled-case, or point size-matched titled-case), and target presence (positive vs. 

negative trials). 

 

  Stationary Dynamic 

 Response latency z score  M SD 

95 % CI 

M SD 

95 % CI 

Lower Upper Lower Upper 

Positive trials 
        

All-uppercase -.64 .37 -.77 -.50 -.81 .28 -.95 -.68 

Width-matched titled -.97 .26 -1.07 -.86 -1.30 .25 -1.41 -1.20 

Point size-matched titled -.89 .29 -1.04 -.75 -.08 .41 -.22 .07 

Negative trials 
        

All-uppercase 1.05 .34 .93 1.18 .65 .28 .52 .78 

Width-matched titled .65 .42 .49 .81 .28 .37 .12 .44 

Point size-matched titled .79 .39 .66 .92 1.26 .21 1.13 1.39 

 

 

 

Supplementary Table 7 

Descriptive statistics regarding the effect of word case (all-uppercase, width-matched titled-case, or point 

size-matched titled-case) on response latency z score 

 

Response latency z score  M SD 

95 % CI 

Lower Upper 

     

All-uppercase .06 .30 -.01 .14 

Width-matched titled -.33 .32 -.41 -.25 

Point size-matched titled .27 .42 .19 .35 



 

Supplementary Table 8 

Descriptive statistics regarding the interaction effect of visual motion (stationary or dynamic) and word 

case (all-uppercase, width-matched titled-case, or point size-matched titled-case) on response latency z 

score 

 

  Stationary Dynamic 

 Response latency z score  M SD 

95 % CI 

M SD 

95 % CI 

Lower Upper Lower Upper 

All-uppercase .21 .31 .10 .32 -.08 .22 -.19 .03 

Width-matched titled -.16 .26 -.27 -.05 -.51 .27 -.62 -.40 

Point size-matched titled -.05 .25 -.16 .06 .59 .27 .49 .70 

 

 

 
Supplementary Table 9 

Descriptive statistics regarding the interaction effect of visual motion (stationary or dynamic) and target 

presence (positive vs. negative trials) on response latency z score 

 

  Stationary Dynamic 

 Response latency z score  M SD 

95 % CI 

M SD 

95 % CI 

Lower Upper Lower Upper 

Positive trials -.83 .08 -.87 -.79 -.73 .12 -.77 -.69 

Negative trials .83 .08 .79 .87 .73 .12 .69 .77 
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