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In four experiments, we investigated the impact of letter case (lower case vs. UPPER CASE) on the 

processing of sequences of written words. Experiment 1 used the rapid parallel visual presentation 

(RPVP) paradigm with postcued identification of one word in a five-word sequence. The sequence could 

be grammatically correct (e.g., “the boy likes his bike”) or be an ungrammatical reordering of the same 

words (e.g., “his boy the bike likes the”). We replicated the standard sentence superiority effect (more 

accurate identification of target words when embedded in a grammatically correct sequence compared 

with ungrammatical sequences), and also found that lowercase presentation led to higher word identifi- 

cation accuracy, but equally so for the grammatical and ungrammatical sequences. This pattern suggests 

that the lowercase advantage was mostly operating at the level of individual word identification. The 

following three experiments used the grammatical decision task to provide an examination of letter case 

effects on more global sentence processing measures. All these experiments revealed a significant low- 

ercase advantage in grammatical decisions, independently of the nature of the ungrammatical sequence 

(Experiments 2 and 3) and independently of whether or not the letter case manipulation was blocked 

(Experiment 4). The size of the effects observed in grammatical decisions again points to individual 

word identification as the primary locus of the lowercase advantage. We conclude that letter case mainly 

affects early visuo-orthographic processing and access to case-independent letter and word identities. 

Keywords: grammatical decisions, letter case, reading, sentence superiority 

 

 

There is a long-standing debate on whether or not letter case 

(lowercase vs. UPPERCASE)1 has a significant impact on the ease 

with which skilled readers process single words. Given that most 

reading involves text with lowercase letters, one might have 

expected that reading words printed in lowercase would be much 

easier than reading words printed in uppercase. However, evidence 

from the single word reading literature remains ambiguous at pres- 

ent, although it should be mentioned that relatively few studies 

have actually focused on the basic lower vs. uppercase comparison. 

For example, Paap et al.’s (1984) influential study examined the 

impact of shape frequency (the pattern of ascending, descending, 

and neutral letters: e.g., t, g, and n, respectively) on the processing 
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of lowercase text and found no evidence for an impact of this vari- 

able. On the other hand, in a comparison of lowercase and upper- 

case presentation, Perea and Rosa (2002) did find a significant 

lowercase advantage in a lexical-decision task (in response times 

[RTs]), but only for relatively unfamiliar words. Moreover, when 

measured as a percentage of average RT (averaged across the low- 

ercase and uppercase conditions) the effect was rather small 

(2.45%). This lowercase advantage in single word lexical decision 

in Spanish was replicated by Vergara-Martínez et al. (2020), but 

again the size of the effect was small (1.99%). Contrary to those 

findings, however, Lété and Pynte (2003) failed to find a lowercase 

advantage in a lexical-decision task in French but did find that 

shape frequency modulated performance to lowercase words. 

Evidence from sentence reading, on the other hand, is relatively 

unambiguous. Early studies (e.g., Tinker, 1955, 1963; Tinker & 

Paterson, 1928) reported a sizable advantage (close to 14%) in read- 

ing times for sentences written in lowercase compared with upper- 

case text. In his influential book on text legibility, Tinker (1963) 

explained this lowercase advantage by the pattern of ascending/de- 

scending letters in lowercase words providing some useful “charac- 

teristic word forms” (p. 34), thus making them easier to read than 

uppercase words. However, as noted above, this explanation was 

All data and materials are available at osf.io/m3y2z (Fournet et al., 2022).   

Correspondence concerning this article should be addressed to Jonathan 

Grainger, Laboratoire de Psychologie Cognitive, Centre National de la 

Recherche Scientifique, Aix-Marseille University, 3, place Victor Hugo, 

Marseille 13331, France. Email: i.jonathan.grainger@gmail.com 

1 Here we will not consider studies investigating the impact of 
aLtErNaTiNg case presentation given the evidence that this is likely driven 
by low-level visual factors such as perceptual grouping (e.g., Mayall and 
Humphreys, 1996). 
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ruled-out by Paap et al. (1984). Furthermore, recent research (Perea 

et al., 2017) has shown that the lowercase advantage in total reading 

times is smaller than those early estimates. One possible reason for 

the larger lowercase advantage in the early studies by Tinker and col- 

leagues is that they used fonts that were not monospaced, so that 

uppercase words occupied more horizontal space than lowercase 

words. Notably, when measuring eye-movement patterns on a single 

target word embedded in a sentence, Perea et al. (2017) found a siza- 

ble lowercase advantage (9.57%) on gaze durations (i.e., the sum of 

eye fixations on the target stimulus), but this advantage was much 

smaller (2.23%) on first-fixation durations (i.e., first of several fixa- 

tions on the word) and single-fixation durations (3.44%). Of note, the 

lowercase advantage did not increase when considering the total fixa- 

tion time (i.e., including those fixations resulting from regressions) 

on the target word (9.62%). 

In the present study, we first examined the extent to which letter 

case impacts on the sentence superiority effect (Snell & Grainger, 

2017). According to Perea et al. (2017), the lowercase advantage 

seen in gaze durations during sentence reading points to individual 

word identification processes as the locus of the effect. We should 

therefore find a lowercase advantage in word-in-sentence identifica- 

tion, in conditions where participants do not have to read the entire 

sentence, and where brief stimulus presentation and postmasking 

makes complete sentence reading difficult. However, if lowercase 

presentation also facilitates more global sentence processing (i.e., 

beyond single word identification) one might expect to observe an 

interaction between letter case and the sentence superiority effect. 

We see two possible scenarios here. One possibility is that lowercase 

presentation, by facilitating global sentence processing, leads to a 

larger sentence superiority effect. However, it is also possible that 

top-down support from sentence-level representations when process- 

ing correct sentences could reduce the sentence superiority effect by 

facilitating individual word identification. Anticipating the results, in 

Experiment 1 we failed to observe an interaction between letter case 

and sentence superiority. This provided the motivation for Experi- 

ments 2–4 where we investigated the impact of letter case on a more 

direct measure of global sentence reading by using the grammatical 

decision task (Mirault et al., 2018; Mirault & Grainger, 2020). In this 

task, participants are instructed to decide as rapidly and as accurately 

as possible if a sequence of words is grammatically correct or not 

and can be considered to be the sentence-level equivalent of the lexi- 

cal-decision task. If letter case impacts reading beyond the level of 

single words, we expected to see proportionally larger effects of this 

manipulation in grammatical decisions to sequences of words com- 

pared with lexical decisions to isolated words (Perea & Rosa, 2002).2 

 
General Method 

 
Participants 

For each experiment we first screened participants using the fol- 

lowing criteria: (a) native speakers of French; (b) between 18 and 

65 years old; and (c) no diagnosed reading impairment. Partici- 

pants could only participate in one of the four experiments. Partici- 

pants received £5 in compensation. The purpose of the experiment 

was not revealed to participants. Prior to initiation of the experi- 

ment, participants were informed that data would be collected 

anonymously, and they then provided informed consent for 

participation, as well as information concerning age, native lan- 

guage, and gender. Ethics approval was obtained from the Comité 

de Protection des Personnes SUD-EST IV (17/051). 

 

Apparatus and Stimuli 

All experiments were created using LabVanced (Finger et al., 

2017), and the Prolific platform (Palan & Schitter, 2018) was used 

to recruit participants. Only MacOS, PC-Windows, and PC-Linux 

operating systems were allowed, and only Chrome, Firefox, 

Microsoft Edge, Safari, and Opera browsers were accepted. Stim- 

uli were presented in Courier New font size 24. 

 

General Procedure 

Installed in front of their personal computer, participants were 

asked to click on the computer screen to launch the experiment. 

After that, they were shown the complete set of instructions for the 

experiment on a single page. Once they had read and understood 

the instructions, the participant could start the practice trials by 

pressing the space key. The practice session was composed of 16 

trials that were representative of the conditions tested in the main 

experiment but were not included in the main experiment. Once 

the practice session was complete, participants were prompted to 

press the space key when they were ready to begin the main 

experiment. A break was proposed every 50 trials. 

 

Analyses 

We used linear mixed effects (LME) models to analyze RTs 

(recorded in all experiments except for Experiment 1) and general- 

ized (logistic) linear mixed effects (GLME) models to analyze accu- 

racy, with participants and items as crossed random effects (Baayen 

et al., 2008; Barr et al., 2013). The models were fitted with the lmer 

function (for LME) and the glmer function (for GLME) from the 

lme4 package (Bates et al., 2015) in the R statistical computing envi- 

ronment (R Core Team, 2021). We report regression coefficients (b), 

standard errors (SE) and z values. Fixed effects were deemed reli- 

able if jzj . 1.96 (Baayen, 2008). We used the maximal random 

structure model that converged (Barr et al., 2013), and this included 

by-participant and by-item random intercepts in all analyses that we 

report for this and the following experiments. See Fournet al. (2022) 

for all stimuli and data which are available at: osf.io/m3y2z. 

 
Experiment 1 

 
Method 

Participants 

Eighty participants (29 females) took part in Experiment 1. 

Their age ranged from 19 to 57 years (M = 28.09 years; SD = 

8.73). 
 

2 Note that in Experiments 2–4 (grammatical decision task) we do not 
test for an interaction between effects of letter case and grammaticality 
given that responses to grammatical and ungrammatical sequences are not 
directly comparable. We aimed to compare the size of the lowercase 
advantage in grammatical decisions with that reported previously in single 
word lexical decisions. 

https://osf.io/m3y2z
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Design and Stimuli 

We constructed 200 sentences in French each consisting of five 

words with an average word length of 4.12 letters (SD = .56). The av- 

erage word frequency in Zipf values was 4.80 (SD = .63; New et al., 

2004). All sequences were grammatically correct. From these base 

sentences, we created an ungrammatical sequence by scrambling the 

order of the words in the corresponding base sentence (see Table 1). 

The scrambling involved a change in position for all words in the base 

sentence except for the designated target word (located at either the 

second, third, or fourth position in the sentence). Thus, the same target 

word was tested at the same position in both a correct sentence and the 

corresponding ungrammatical sequence. The set of grammatically cor- 

rect sentences and ungrammatical sequences were tested in both lower- 

case and uppercase (see Table 1) leading to a 2 (grammaticality) 3 2 

(case) factorial design. A Latin square design was used such that each 

of the four types of sequence derived from the same base sentence was 

tested with different participants, but each participant was tested in all 

four conditions across different base sentences. Thus, four counterbal- 

anced lists were created, and participants were randomly assigned to 

one of the lists. There were 50 trials per condition per participant, and 

therefore a total of 200 trials per participant. Target location was ran- 

domly at position 2, 3, or 4 on each trial, and different words were 

tested at the different positions. 

Procedure 

Each trial started with two vertical bars for 500 ms indicating the 

center of the upcoming sequence of words. Participants were 

instructed to focus their attention between the two vertical bars. Then 

the sequence of words was displayed for a duration of 200 ms. After 

that, a sequence of hash marks (#), each one corresponding to a letter 

in the sequence of word, was presented for 500 ms as a mask (each 

letter is converted to “#”). The location of the to-be-identified target 

word was indicated by underlining the corresponding string of 

hashes. Finally, a response box was added to the screen with hash 

marks and underline cue and remained on screen until participants 

responded by typing (with their computer keyboard) the word they 

thought had been present at the cued location and confirmed their 

response with the enter key. The procedure is illustrated in Figure 1 

Scoring 

Participants’ responses were analyzed automatically using the 

algorithm developed by Mirault et al. (2021), which counts minor 

spelling or typographical errors and morphological changes (e.g., 

plural form instead of singular) as correct. 

 

Table 1 
Examples of the Different Sequences of Words Tested in 

Experiment 1 (Target = “Boy/BOY”) 
 

 

Grammatical 
Lowercase The boy likes his bike 
Uppercase THE BOY LIKES HIS BIKE 

Scrambled 
Lowercase His boy bike likes the 
Uppercase HIS BOY BIKE LIKES THE 

 
 

Note. Examples are in English for convenience, but the experiment was 
conducted in French. The experiment used a monospaced font which is 
not the case in the examples here. Further note that the first letter was cap- 
italized in the lowercase condition. 

Results and Discussion 

The dataset for analysis was composed of 16,000 observations, which 

exceeds the recommendation of Brysbaert and Stevens (2018). Condi- 

tion means are shown in Table 2. There wasa significant effect of Letter 

Case (b = .44, SE = .05, z = 9.61), with fewer errors in the lowercase 

condition compared with the uppercase condition. We also replicated 

the sentence superiority effect, with greater accuracy in correct sentences 

compared with ungrammatical sequences (b = -.93, SE = .12, z = 

7.44). The interaction was not significant (b = .15, SE = .09, z = 1.63). 

Given the absence of a significant interaction between letter case 

and grammaticality, the results of Experiment 1 suggest that letter 

case is having most of its impact at the level of individual word identi- 

fication rather than sentence-level processing. In line with this conclu- 

sion is the fact that the effects of letter case were even numerically 

greater in the ungrammatical sequences compared with the grammati- 

cal sequences (expressed as a percentage of average performance in 

the grammatical and ungrammatical conditions, the case effect was 

4.43% for grammatical sequences and more than twice that, 9.63%, 

for ungrammatical sequences). This suggests that top-down sentence- 

level constraints were facilitating target word identification, hence 

reducing the lowercase advantage on single word identification. 

However, the task used in Experiment 1 did focus on processing 

at the individual word level, given that participants only had to 

identify a single word in each sequence. Therefore, to test for 

effects of letter case on processing at the sentence level, Experiment 

2 uses the grammatical decision task with the same materials. 

 
Experiment 2 

 
Method 

Participants 

Eighty participants (36 females) took part in Experiment 2. 

Their age ranged from 18 to 58 years (M = 29.3 years; SD = 8.51). 

Design and Stimuli 

We used the same set of stimuli as in Experiment 1. Examples of 

the four types of word sequences are shown in Table 1. As in Experi- 

ment 1, four counterbalanced lists were created, and participants were 

randomly assigned to one of the lists. As such, all word sequences 

derived from the same base sentence were presented in all conditions 

(grammatical lowercase, grammatical uppercase, ungrammatical lower- 

case, ungrammatical uppercase) across different participants, and every 

participant saw all four conditions but with different word sequences. 

Procedure 

In this and the following experiments participants had to perform a 

grammatical decision task. That is, they were instructed to determine 

as rapidly and as accurately as possible whether the sequence of 

words formed a grammatically correct sentence or not. Participants 

were instructed to first focus on the central fixation cross and then 

press the right arrow key on their computer keyboard if they thought 

that the word sequence was grammatically correct, or to press the left 

arrow if not. They received feedback in the form of a green circle 

(correct response) or a red cross (incorrect response) shown for 

500 ms. After this feedback, a blank screen was presented for 200 

ms before the next trial. The procedure is illustrated in Figure 2. 
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Figure 1 

Procedure of One Trial in Experiment 1 With an Example of a Grammatically Correct Word Sequence 

Presented in Lowercase and With the Target Word (“Runs”) in Position 2 
 

 

Results and Discussion 

We analyzed RTs for correct responses and percent errors. Prior 

to analysis, one participant was excluded due to excessive errors 

(.25%). Then we removed 2.09% of the trials with excessively 

long or short RTs (3,000 ms , RT . 100 ms). The remaining data- 

set was composed of 15,469 observations, a number that largely 

exceeds the recommendation of Brysbaert and Stevens (2018). 

Response Time 

Prior to analysis, we excluded trials with incorrect responses 

(4.5%) and RT values lying beyond 2.5 standard deviations from 

the grand mean (3.52%). The remaining dataset was composed of 

14,253 observations. The grammatical and ungrammatical trials 

were analyzed separately. Condition means are reported in Table 3. 

Grammatical Trials. For the grammatical sequences, the 

dataset was composed of 7272 observations. We found a significant 

effect of Letter Case (b = .01, SE = .00, t = 5.21), with longer RTs 

to sentences presented in uppercase compared with lowercase. 

Ungrammatical Trials. For ungrammatical sequences, the 

dataset was composed of 6,981 observations. Similarly to the 

grammatical trials, we found a significant effect of Letter Case 

(b = .02, SE = .00, t = 6.61), indicating that participants took 

more time to decide that uppercase sequences were ungrammati- 

cal compared with lowercase sequences. 

Error Rate 

The dataset for the error rate analysis was composed of 15,469 

observations. We ran separate GLMMs for the grammatical and 

ungrammatical trials. Condition means are shown in Table 4. 

Grammatical Trials. For grammatical trials, the dataset was 
composed of 7,755 observations. The effect of Letter Case was not 

significant (b = -.07, SE = .18, z = .37). 

 
 

Table 2 
Average Accuracy (in %) per Experimental Condition in 

Experiment 1 
 

 

Condition Average accuracy CI 

Grammatical 
Lowercase 85.82 1.09 
Uppercase 82.10 0.95 
Case effect 3.72 

Ungrammatical 
Lowercase 75.65 0.99 
Uppercase 68.70 1.09 
Case effect 6.95 

Note.  CIs are within-participant 95% confidence intervals (Cousineau, 2005). 

Ungrammatical Trials. For ungrammatical trials, the dataset 

was composed of 7,714 observations. The effect of Letter Case 

was again not significant (b = -.20, SE = .14, z = 1.40). 

Although the effect of letter case was significant in RTs in 

Experiment 2, the magnitude of the effect is rather small, and much 

smaller than that seen in gaze durations on single words in the Perea 

et al. (2017) study. Expressed as a percentage of the average RT in 

the grammatical and ungrammatical conditions, the effect was 

3.07% for grammatical trials and 3.34% for ungrammatical trials in 

Experiment 2, whereas the effect in gaze durations in the Perea 

et al. study was 9.57%. Indeed, the size of the effects are more in 

line with the effects on first fixation durations in the Perea et al. 

study, and the effects on lexical decision RTs in the Perea and Rosa 

(2002) study. This might be attributable to the superficial nature of 

processing performed to make a grammatical decision. Therefore, 

in Experiment 3 we increased the difficulty of grammatical deci- 

sions by using transposed-word ungrammatical sequences that are 

known to be particularly difficult to judge as being ungrammatical. 

Mirault et al. (2018) compared grammatical decisions to two types 

of ungrammatical sequence—one formed by transposing two adja- 

cent words in a correct sentence (e.g., The white was cat big), and 

one where the transposition of any two words would not generate a 

correct sentence (e.g., The white was cat slowly). Deciding that 

transposed-word sequences were ungrammatical was more difficult 

compared with the corresponding control sequences. 

 
Experiment 3 

 
Method 

Participants 

Eighty participants (37 females) took part in Experiment 3. Their 

age ranged from 18 to 58 years (M = 28.16 years; SD = 8.95). 

Design and Stimuli 

We used the same set of 200 grammatical sentences as in Experi- 

ments 1 and 2, but this time the ungrammatical sequences were con- 

structed by transposing two adjacent words in the grammatical 

sentences. This was designed to make the grammatical decision task 

harder. Because the sequences were five words long, one of the four 

possible adjacent transpositions (1 and 2/2 and 3/3 and 4/4 and 5) was 

randomly chosen to create the associated ungrammatical sequence. 

See Table 5 for example stimuli. 

Procedure 

The procedure was the same as in Experiment 2. 
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Figure 2 

Procedure of One Trial in Experiment 2, With an Example of a Grammatically Correct Sentence Presented in 

Lowercase 
 

 

 

Results and Discussion 

Prior to analysis, two participants were excluded, with an aver- 

age accuracy less than 75%. Four items were also removed again 

because of accuracy less than 75%. Then, we deleted 3.31% of the 

trials with excessively short or long RTs (i.e., , 100 ms or . 4,000 

ms). The remaining dataset was composed of 14,923 observations, a 

number that largely exceeds the recommendation of Brysbaert and 

Stevens (2018). 

Response Time 

Prior to analysis we excluded trials with incorrect responses 

(7.24%) and values lying beyond 2.5 standard deviations from 

the grand mean (2.99%). The remaining dataset was composed 

of 13,428 observations. The grammatical and ungrammatical 

trials were analyzed separately. Condition means are reported 

in Table 6. 

Grammatical Trials.  For grammatical trials, the dataset was 

composed of 7,113 observations. We found a significant effect of 

Letter Case (b = .02, SE = .00, t = 6.48), with longer RTs for sen- 

tences presented in uppercase compared with lowercase. 

Ungrammatical Trials.  For ungrammatical trials, the dataset 

was composed of 6,315 observations. As for the grammatical tri- 

als, we found a significant effect of Letter Case (b = .01, SE = .00, 

t = 4.89), indicating that participants took more time to respond to 

uppercase sequences than lowercase sequences. 

Error Rate 

The dataset for Error Rate was composed of 14,923 observa- 

tions. We ran separate GLMM for the grammatical and ungram- 

matical trials. Condition means are shown in Table 7. 

Grammatical Trials.  For grammatical trials, the dataset was 

composed of 7,494 observations. The effect of Letter Case was not 

significant (b = -.36, SE = .21, z = 1.66). 

 
Table 3 
Average RTs (in ms) per Experimental Condition in Experiment 2 

 
Ungrammatical Trials. For ungrammatical trials, the dataset 

was composed of 7,429 observations. Again, the effect of Letter 

Case was not significant (b = -.05, SE = .12, z = .47). 

Although we did succeed in increasing the difficulty of the gram- 

matical decision task in Experiment 3 compared with Experiment 2 

(i.e., overall slower RTs and more errors), this did not lead to a greater 

lowercase advantage. Expressed as a percentage of the average RT in 

the grammatical and ungrammatical conditions, the lowercase advant- 

age was 3.68% for grammatical trials and 2.68% for ungrammatical 

trials in Experiment 3, compared with 3.07% for grammatical trials 

and 3.34% for ungrammatical trials in Experiment 2. The lowercase 

advantage seen in grammatical decisions is therefore quite small in 

magnitude and would appear to be insensitive to task difficulty. More- 

over, the observed difficulty in processing all uppercase stimuli in 

Experiments 1–3 could be attributed to these being intermixed with 

the more familiar lower-case stimuli. Therefore, in Experiment 4 we 

examined whether blocking the case manipulation might increase the 

ease of responding to uppercase stimuli when these are presented in 

the same block of trials and prior to presentation of the lowercase stim- 

uli, hence even further reducing the effects of letter case on grammati- 

cal decisions. More specifically we tested whether effects of letter case 

would interact with block order—that is, whether participants first saw 

the uppercase stimuli before the lowercase stimuli, or vice versa. 

 

Experiment 4 

 
Method 

Participants 

One hundred sixty participants (79 females) took part in Experi- 

ment 4. Their age ranged from 18 to 64 years (M = 31.85 years; 

SD = 10.71). 

 
Table 4 
Average Error Rates (in %) per Experimental Condition in 

Experiment 2 
 

Condition Average RT CI 
 

Condition Average ER CI 

Grammatical    Grammatical   

Lowercase 994 11.15  Lowercase 3.70 0.69 
Uppercase 1,024 10.08  Uppercase 3.53 0.73 
Case effect 31   Case effect -0.17  

Ungrammatical    Ungrammatical   

Lowercase 1,090 10.29  Lowercase 5.04 0.76 
Uppercase 1,128 11.92  Uppercase 5.63 0.64 

Case effect 37   Case effect 0.59  

Note. RT = response time. CIs are within-participant 95% confidence 
intervals (Cousineau, 2005). 

Note. ER = error rate. CIs are within-participant 95% confidence inter- 
vals (Cousineau, 2005). 
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Table 5 

Examples of the Different Conditions Sequences of Words Tested 

in Experiment 3 
 

 

Grammatical 
Lowercase The boy likes his bike 
Uppercase THE BOY LIKES HIS BIKE 

Ungrammatical 
Lowercase The likes boy his bike 
Uppercase THE LIKES BOY HIS BIKE 

 
 

Note. Examples are in English, but the experiment was conducted in 
French. The experiment used a monospaced font which is not the case in 
the examples here. Further note that the first letter was capitalized in the 
lowercase condition. 

 
Design and Stimuli 

We used the same set of stimuli as in Experiment 3. Examples 

of the four types of word sequences are shown in Table 5. 

Procedure 

The procedure was the same as for Experiments 2 and 3 except that 

the Letter Case manipulation was now blocked. Participants therefore 

received all the lowercase trials in one block and all the uppercase tri- 

als in a different block, and Block Order was counterbalanced across 

participants. A break was proposed at the end of the first block. 

Analyses 

The same analyses as for Experiments 2 and 3 were performed 

except that for this experiment, because participants only received 

one block order, Block Order was not included as a by-participant 

random slope. 

 
Results and Discussion 

No participant was excluded prior to analysis, but four items 

were removed because of high error rates (.25%). Then, we 

removed trials (2.97%) with excessively short or long RTs 

(100 ms , RTs . 3,000 ms). The remaining dataset was com- 

posed of 30,429 observations, a number that largely exceeds the 

recommendation of Brysbaert and Stevens (2018). 

Response Time 

Prior to analysis, we excluded incorrect trials (7.66%) and val- 

ues beyond 2.5 standard deviation from the grand mean (2.94%). 

 
Table 6 
Average RTs (in ms) per Experimental Condition in Experiment 3 

 
 

Condition Average RT CI 

Grammatical 

 

 

 

 

 

 
Note. RT = response time. CIs are within-participant 95% confidence 
intervals (Cousineau, 2005). 

Table 7 

Average Error Rates (in %) per Experimental Condition in 

Experiment 3 
 

 

Condition Average ER CI 

Grammatical 

 

 

 

 

 

 
Note. ER = error rate. CIs are within-participant 95% confidence inter- 
vals (Cousineau, 2005). 

 

The remaining dataset was composed of 27,271 observations. We 

ran separate LME models for grammatical and ungrammatical tri- 

als. Condition means are reported in Table 8. 

Grammatical Trials.  For grammatical trials, the dataset 

was composed of 14,361 observations. There was a significant 

effect of Letter Case (b = .02, SE = .00, t = 7.42), with longer 

RTs in the uppercase sequences compared with lowercase 

sequences. The effect of Block Order was not significant (b = 

.01, SE = .01, t = .85), and neither was the interaction (b = .00, 

SE = .01, t = .81). 

Ungrammatical Trials. For ungrammatical trials, the dataset 

was composed of 12,910 observations. As for the grammatical 

sequences, there was a significant effect of Letter Case (b = .02, 

SE = .00, t = 5.43), with longer RTs to uppercase sequences than 

lowercase sequences. The effect of Block Order was not signifi- 

cant (b = .00, SE = .01, t = .33), but there was a significant interac- 

tion between Letter Case and Block Order (b = .01, SE = .01, t = 

2.21), reflecting the fact that the lowercase advantage was greater 

when participants first received the uppercase block (see Table 8). 

Error Rate 

The dataset for Error rate was composed of 30,429 observations. 

The grammatical and ungrammatical trials were analyzed sepa- 

rately. Condition means are shown in Table 9. 

Grammatical Trials.  For grammatical trials, the dataset was 

composed of 15,245 observations. There was no significant effect of 

Letter Case (b = -.21, SE = .13, z = 1.54). Neither the effect of 

 

Table 8 
Average RTs (in ms) per Experimental Condition in Experiment 4 

 

Lowercase First Uppercase First 

Condition Average RT CI  Average RT CI 

Grammatical      

Lowercase 1,203 10  1,226 10 
Uppercase 1,275 13  1,278 11 
Case effect 72   52  

Ungrammatical      

Lowercase 1,321 13  1,291 10 
Uppercase 1,352 13  1,355 11 

Case effect 31   64  

Note. RT = response time. CIs are within-participant 95% CIs 
(Cousineau, 2005). 

Lowercase 2.52 0.88 
Uppercase 3.63 0.72 
Case effect 1.11  

Ungrammatical   

Lowercase 11.63 1.02 
Uppercase 11.27 1.02 

Case effect -0.36  

 

Lowercase 1,221 15.07 
Uppercase 1,266 11.90 
Case effect 45  

Ungrammatical   

Lowercase 1,323 13.75 
Uppercase 1,359 12.99 

Case effect 36  
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Table 9 
Average Error Rates (in %) per Experimental Condition in 

Experiment 4 
 

 

Lowercase First   Uppercase First 

Condition Average ER CI Average ER CI 

Grammatical 

 

 

 

 

 

 

Note. ER = error rate. CIs are within-participant 95% confidence inter- 
vals (Cousineau, 2005). 

 
Block order (b = -.15, SE = .16, z = .92) nor the interaction of Block 

order and Letter Case was significant (b = -.19, SE = .19, z = 1.01). 

Ungrammatical Trials.  For ungrammatical trials, the dataset 

was composed of 15,184 observations. The effect of Letter Case was 

not significant (b = .08, SE = .05, z = 1.48). Neither was the effect of 

Block order (b = -.04, SE = .14, z = .27) nor the interaction between 

letter case and bloc order (b = -.18, SE = .11, z = 1.69). 
The results of Experiment 4 clearly demonstrate that presenting 

the uppercase stimuli prior to the lowercase stimuli in separate 

blocks of trials did not reduce the lowercase advantage. Indeed, 

when expressed as a percentage of the average RT in the grammat- 

ical and ungrammatical conditions, the lowercase advantage was 

even slightly greater than in the previous experiments (where case 

was mixed from trial-to-trial) for the grammatical trials (5.13%) 

and remained about the same (3.93%) for the ungrammatical trials. 

Nevertheless, this lowercase advantage, seen now in three gram- 

matical decision experiments, is relatively small compared with 

the advantage seen in gaze durations on target words during sen- 

tence reading (Perea et al., 2017). Instead, the size of the lower- 

case advantage in grammatical decision RTs aligns more with the 

effects seen on first fixation and single fixation measures in Perea 

et al. (2017), and the effects seen in single word lexical decision 

RTs (Perea & Rosa, 2002; Vergara-Martínez et al., 2020). 

 

General Discussion 

The present series of four experiments examined the nature of 

the effects of letter case (lowercase vs. uppercase) when processing 

sequences of words. Experiment 1 used an RSVP technique with 

the postcued identification of one of the five words in the sentence 

with an aim to test whether the sentence superiority effect (i.e., 

more accurate decisions to grammatical vs. ungrammatical senten- 

ces) would be modulated by letter case. Results showed a substan- 

tial sentence superiority effect accompanied by a smaller effect of 

letter case, with higher accuracy for words presented in lowercase, 

and no interaction. The fact that grammaticality did not have a sig- 

nificant impact on performance in Experiment 1 suggests that the 

effects of letter case were operating at the level of individual word 

identification and not at the sentence-level. Furthermore, the fact 

that correct sentences generated a numerically smaller effect of let- 

ter case (expressed as a percentage of average performance, the 

lowercase advantage was 4.43% for the grammatical sequences and 

9.63% for the ungrammatical sequences) could be taken as evi- 

dence that top-down constraints from sentence-level representations 

were reducing the bottom-up impact of letter case on individual 

word identification. A more global impact of letter case on sen- 

tence-level processing actually predicted the opposite pattern, with 

stronger effects of letter case in the grammatical sequences. 

Experiments 2–4 provided a stronger focus on sentence-level proc- 

essing by using the grammatical decision task. This also allowed us to 

obtain measures of case effects in RTs that are more directly compara- 

ble to prior observations of effects in fixation durations in sentence 

reading and in single word lexical decision latencies. In Experiment 2, 

we used the same set of items as in Experiment 1 and we found a 

small but reliable advantage for lowercase compared with uppercase 

presentation together with substantially faster responses to grammati- 

cally correct sentences. Experiment 3 was designed to test whether an 

increased difficulty in making grammatical decisions, by using trans- 

posed-word ungrammatical sequences, would produce a larger lower- 

case case advantage. Results replicated the findings of Experiment 2 

but failed to show a notable increase in the size of the lowercase 

advantage. Expressed as a percentage of the average RT for grammat- 

ical and ungrammatical sequences, the lowercase advantage was 

3.07% in Experiment 2 and 3.68% in Experiment 3 for grammatical 

trials and 3.34% in Experiment 2 and 2.68% in Experiment 3 for 

ungrammatical trials. 

To examine whether the lowercase advantage in Experiment 3 

could have been attributable to the difficulty in processing the upper- 

case sentences intermixed in the same blocks as the lowercase sen- 

tences, in Experiment 4 the lowercase and uppercase sequences were 

presented in different, counterbalanced blocks. Results essentially 

mimicked those of Experiment 3, thus ruling out an explanation of 

the case effect seen in Experiment 3 as being driven by list composi- 

tion. In sum, all these experiments revealed a significant lowercase 

advantage in different tasks (word-in-sentence identification, gram- 

matical decision). Importantly, this effect was independent of the na- 

ture of the ungrammatical sequences (easy vs. difficult), the nature of 

the composition of the list (mixed list of lowercase and uppercase 

sentences vs. blocked lists), and the order of the blocks (uppercase 

before lowercase or vice versa). 

We therefore have clear evidence from four experiments for a 

lowercase advantage when processing sequences of written words. 

Crucially, our findings provide important information with respect 

to the locus of the lowercase advantage found in prior research in 

single word lexical decisions (Perea & Rosa, 2002; Vergara-Martínez 

et al., 2020) and with eye movement recordings during sentence 

reading (Perea et al., 2017). Prior results plus the present findings 

all point to individual word identification processes as the primary 

locus of the lowercase advantage in reading, with little or no role 

played by sentence-level processing. One particularly relevant 

prior study is that of Vergara-Martínez et al. (2020). In that study, 

letter case was manipulated in a lexical decision experiment with 

EEG recordings. The results revealed a significant impact of letter 

case for both words and nonwords in the N/P150 and N250 ERP 

components. This pattern suggests that letter case was affecting 

the early mapping of visual features onto abstract letter identities 

and the subsequent sublexical processing of orthographic informa- 

tion (see Grainger & Holcomb, 2009, for a discussion of the func- 

tional significance of the N/P150 and N250 components). 

Following Vergara-Martínez et al. (2020), we therefore propose that 

the lowercase advantage is mainly driven by early visuo-orthographic 

Lowercase 3.36 0.65 2.97 0.57 
Uppercase 3.75 0.73 3.99 0.59 
Case effect 0.39  1.02  

Ungrammatical     

Lowercase 12.53 0.67 11.84 0.67 
Uppercase 11.14 0.92 11.97 0.65 

Case effect -1.39  0.13  
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processing of fixated words during reading. This early processing 

essentially involves the mapping of visual features onto the abstract 

letter identities that, combined with letter-position information, form 

the core of sublexical orthographic processing. It is this processing 

that would be facilitated by the vastly greater exposure skilled read- 

ers have with lowercase text. The advantage remains relatively 

small, because in the Roman alphabet the majority of uppercase let- 

identification processes as the locus of the effect. Combined with 

prior findings, we would argue that letter case mainly affects early 

visuo-orthographic processing, and that abstract letter identities 

rapidly dominate the processing of case-independent word identi- 

ties which in turn dominate processing at the sentence-level, hence 

the rather small impact of letter case. 

ters share features with lowercase letters (b-B, c-C, etc.), and there-   
fore the expertise gained by exposure to lowercase text transfers, to 

a certain extent, to the processing of uppercase text. Our results also 

suggest that the rather small lowercase advantage that arises during 

single word processing does not accumulate across multiple words 

in a sentence.3 This could be attributable to the fact that sentence- 

level processing is mostly affected by the later stages of individual 

word processing that would be relatively insensitive to letter case 

(see Vergara-Martínez et al., 2020, for ERP evidence supporting this 

view). Evidence in support of this has also been found in masked pri- 

ming studies demonstrating that masked repetition priming effects for 

word stimuli do not depend on whether or not primes and targets are 

presented in the same case (e.g., table-TABLE vs. TABLE-TABLE; 

Jacobs et al., 1995; Perea et al., 2015). 

Taken together, these results suggest that some form of word- 

shape information (over and above word length information), that 

would only be available in lowercase format, is not having a signifi- 

cant impact on sentence-level processing. Moreover, the fact that we 

found effects in the range of those found in single word lexical deci- 

sion studies suggests that our results are not driven by the parafoveal 

processing of word-shape information. That is, our results pose prob- 

lems for the hypothesis that word-shape information would be mainly 

processed in the parafovea, where low-spatial frequency information 

would presumably have a greater impact on processing. Overall, our 

results fit best with models of reading in an alphabetic script that 

assign a key role for abstract letter identities in recognizing words 

(see McConkie & Zola, 1979; and Rayner et al., 1980; for early evi- 

dence using eye movements during reading), and a key role for word 

identification processes during sentence processing. 

Nevertheless, some key questions remain open concerning the 

impact of letter case on reading. Under the hypothesis that the low- 

ercase advantage is at least partly driven by a greater exposure to 

lowercase text, future studies could investigate the extent to which 

both word frequency (Perea & Rosa, 2002) and individual letter fre- 

quency (New & Grainger, 2011) modulate the lowercase advantage. 

The present study focused on the interplay between word identifica- 

tion and sentence reading. An interesting complementary line of 

research would be to focus on the interplay between letter identifi- 

cation and word recognition. New and Grainger (2011) found sig- 

nificant effects of letter frequency in an alphabetic decision task for 

both uppercase and lowercase isolated letters. Future research could 

therefore examine the extent to which the lowercase advantage for 

word recognition (Perea & Rosa, 2002; Vergara-Martínez et al., 

2020) is driven by frequency effects operating at the letter level. 

 

Conclusions 

In four experiments we found a small but significant effect of 

letter case (lowercase better than uppercase) when processing 

sequences of words. The overall pattern of effects as a function of 

the grammaticality of the sequence as well as the relatively small 

magnitude of the lowercase advantage all point to individual word 

3 We note nevertheless that the results of Perea et al. (2017) point to a 
cumulative effect driven by multiple fixations on a single word prior to 
leaving that word, hence leading to a greater effect in gaze durations. That 
is, although the lowercase advantage does not accumulate across different 
words, it can accumulate across multiple fixations within the same word. 
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