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Abstract 

In the blocked cyclic naming task, native Mandarin speakers named pictures with disyllabic names in small 

sets and blocks, with the critical manipulation whether pictures within a block shared an atonal syllable or 

not. We found the expected facilitation when the overlapping portion of responses was in word-initial 

position, but we also replicated a recent observation that with ‘inconsistent’ overlap (shared syllables could 

be either in first or second word position), form overlap causes interference. Crucially, interference also 

occurred when phonologically unrelated filler trials or trials which required a nonlinguistic response were 

interleaved with the critical pictures. The same pattern was found with written responses and orthographic 

radical overlap. The results are best explained via “competitive incremental learning” between lexical and 

phonological representations. A computer simulation confirms that this principle generates interference, and 

that the result is unaffected by filler trials. We conclude that incremental learning constitutes a universal 

principle in the mapping from semantics to phonology in language production. 

Keywords: Word production; Speaking; Writing; Chinese; Incremental learning 
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1. Introduction 

Interference Effects of Phonological Similarity in Word Production Arise from Competitive Incremental 

Learning 

Language comprehension involves the mapping of spoken codes to meaning; language production engages 

the reverse pathway. A central assumption in psycholinguistics is that language processing involves the co-

activation of similar lexical items, with similarity being based either on semantic or on phonological 

relatedness. A second common assumption is that co-activated lexical items compete against each other, and 

hence that word selection is influenced not just by the activation level of the target candidate, but rather by 

the totality of concurrently active candidates. These two principles make specific and testable predictions. 

For instance, phonological neighbourhood effects are well-documented in spoken word comprehension, such 

that the presence/absence of partially overlapping spoken words influences a target’s detection time and/or 

accuracy (e.g., Dufour & Peereman, 2003; Goldinger, Luce, & Pisoni, 1989; Vitevitch & Luce, 1998). 

Neighbourhood effects in spoken comprehension are generally inhibitory (words with many neighbours are 

slower to detect than words with few or no neighbours), hence a plausible inference is that these effects 

reflect competition of co-activated similar items. Turning to language production, this domain is driven by 

semantic codes, and effects of concurrently active semantically related candidates have been reported which 

are mainly inhibitory (but see e.g., Alario, Segui, & Ferrand, 2000; Costa, Alario, & Caramazza, 2005 for 

semantic facilitation from non-categorical relationships or semantic associations; see Nozari & Pinet, 2020 for 

a comprehensive review of co-activation in language production). For instance, in the “picture-word 

interference” task, superimposition of a categorically related word over a target picture (e.g., a picture of a 

“zebra” presented with the word “horse”) tends to slow naming responses (e.g., Damian & Bowers, 2003; 

Lukper, 1979), and a plausible interpretation is that word production involves the co-activation of 

semantically related items which compete against one another for selection. This could occur via a lexical 

selection principle which for a given target node takes the activity level of co-activated nodes into account 

(e.g., Roelofs, 1992), or via lateral inhibition between co-activated items (e.g., Chen & Mirman, 2012). 

An extensive analysis of co-activation and competition effects in word comprehension and production was 

recently provided by Chen and Mirman (2012) via a computational model based on the classic Interactive 

Activation and Competition (IAC) model introduced by McClelland and Rumelhart (1981). The model 

consisted of a semantic, a lexical, and a phonological layer. Adjacent layers were bidirectionally connected, 

and competition at the lexical layer was implemented via lateral inhibition. By adding activation to the 

phonological level, the model simulated word comprehension, whereas by activating the semantic level, it 

simulated word production. The simulations added an important proviso to the prediction that co-activation 

and competition should result in inhibitory effects: co-activated similar items will slow down target selection, 

but only if competitors are strongly activated. By contrast, weakly activated candidates may not act as 

effective competitors to target selection and so their effect on target processing may be facilitatory. For 

instance, spoken word production is semantically driven, and hence co-active semantically similar 

competitors, as in the picture-word task (see above), may well slow down target selection. However, this 

pattern is not universal and depends on the exact circumstances. For instance, Mirman (2011) reported that 

in picture naming, speakers make more errors on pictures with many near semantic neighbours (i.e., an 

inhibitory effect of semantic neighbourhood) but fewer errors on pictures with many distant semantic 

neighbours (a facilitatory effect).  
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Persistent semantic effects in spoken word production 

In word production – the topic of the current article – two important observations have been reported. First, 

when pictures are repeatedly presented and named in small experimental sets, objects presented in the 

context of same-category candidates are named slower than the same pictures embedded within pictures 

from other categories (“cyclic semantic blocking”; e.g., Damian, Vigliocco & Levelt, 2001; Belke, Meyer & 

Damian, 2005). Second, in a series of successive picture naming trials, each successive item from a particular 

semantic category incurs a cost and is named slower than the previous one (“cumulative semantic 

inhibition”; e.g., Howard, Nickels, Coltheart & Cole-Virtue, 2006). The cyclic semantic blocking effect was 

originally explained via co-activation of semantically related items in related sets, followed by lexical 

competition (e.g., Damian et al., 2001). However, a subsequent study (Damian & Als, 2005) showed that the 

effect was essentially unchanged when several unrelated items intervened between critical naming 

responses. For the cumulative semantic inhibition effect, 10+ intervening items have been shown to leave 

the effect unchanged (Schnur, 2014). Hence, semantic effects of this type are reasonably long-lasting. 

Because spreading activation is generally assumed to be short-lived, co-activation of related items plus lexical 

competition is probably insufficient to provide a full account. For this reason, Damian and Als (2005) and 

Howard et al. (2006) suggested an alternative: engagement of the semantic-lexical pathway leads to 

“incremental learning”, i.e. a slight but persistent increment in the connection weights between the 

representational layers. This will increase efficiency when the same item is named again (“repetition 

priming”; e.g., Cave, 1997) but at the same time it will slightly slow down the naming of semantically related 

items. Howard et al. (2006) presented a computational model in which semantic features were connected to 

nodes within a lexical layer, and the latter inhibited each other. Slight increments in the connections 

simulated the cumulative semantic inhibition effect.  

Subsequently, Oppenheim, Dell and Schwartz (2010) provided an extensive computational simulation of 

these phenomena. They introduced a model in which semantic features were connected to lexical nodes, 

and semantic-to-lexical links were modified on each trial such that weights from semantically active features 

to target lexical nodes were increased, whereas weights to all other lexical nodes were decreased. This 

principle of “competitive learning” was able to generate both cumulative semantic inhibition and cyclic 

semantic blocking, but intriguingly, lexical competition was not necessary to do so. Figure 1 (top panel) 

demonstrates competitive learning in a mini-scenario with only two semantically related concepts. On a 

given trial (Trial N-1) a set of semantic features corresponding to the target concept (“cat”) is activated, and 

forwards its activation to a lexical level, activating the lexical node for “cat”. Via shared semantic features, a 

semantically related lexical nodes (such as “dog”) will be co-activated. Following the trial, all links between 

correctly activated nodes are strengthened (indicated by a “+”), and all links between incorrectly activated 

nodes are decremented (“-“). On a subsequent trial (Trial N), if a semantically related concept (such as “dog”) 

is to be named, some of the links between its semantic features and the correct lexical node will have been 

weakened on the previous trial, and so naming times and/or accuracy for a naming response to “dog” will be 

detrimentally affected. The authors concluded that “competition during lexical selection is not necessary for 

semantic interference if the learning process is itself competitive” (p. 227). The claim that language 

production does not involve competitive lexical selection also converges with more recent empirical evidence 

(e.g., Navarrete, Mahon & Caramazza, 2010; see Nozari & Hepner, 2019, for a theoretical framework of 

reconciling competitive and non-competitive selection). 
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Figure 1. Top panel: Model of semantics-to-lexicon mapping, adapted from Oppenheim et al. (2010). Middle 

panel: Model of lexicon-to-phonology mapping; feedforward only. Bottom panel: Model of lexicon-to-

phonology mapping with feedback. All three models implement incremental learning. 
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Effects of phonological overlap and co-activation in spoken word production.  

In contrast to semantic effects in word production such as those summarised above, manipulations of 

phonological overlap in word production paint a rather complex picture, but there is considerable evidence 

for facilitatory effects of form overlap. A wide array of results from the picture-word interference task 

suggests that generally, form-related distractor words speed up responses relative to a baseline condition 

with form-unrelated distractors (e.g., Rayner & Springer, 1986; Starreveld, 2000). Similarly, when speakers 

name coloured drawings of objects with adjective-noun phrases, responses are faster when adjective and 

noun share a word-initial phoneme (“green glove”; “red rope”) than when not (“red glove”; “green rope”; 

e.g., Damian & Dumay, 2009). However, some instances have been reported in which form overlap resulted 

in inhibition rather than facilitation, depending on the circumstances. For instance, Sevald and Dell (1994) 

asked speakers to produce CVC sequences as many times as possible within a given time period. Compared 

to an unrelated baseline condition, speakers produced more instances when the final consonants were 

repeated (e.g., PICK TUCK PUCK TICK) but fewer instances when only initial sounds were repeated (PICK PUN 

PUCK PIN). In the naming of a sequence of pictures, word-initial overlap between consecutive items has been 

shown to slow responses down (Sullivan & Riffel, 1999; Wheeldon, 2003); the pattern for non-initial overlap 

is less clear, with Sullivan and Riffel reporting reduced inhibition but Wheeldon suggesting a facilitatory 

effect. A particularly rich source of empirical information has been derived from a particular experimental 

task which is variously referred to as the “form preparation paradigm” (e.g., Damian & Bowers, 2003; Wang, 

Wong, Tsang & Chen, 2019), “implicit priming” (e.g., Chen, Chen & Dell, 2002), or “blocked cyclic naming” 

(Breining, Nozari & Rapp, 2016); we will here use the latter term. 

In the blocked cyclic naming task, participants generate spoken (or written) responses within a series of 

relatively short experimental blocks. Within each block, only a few possible responses occur, and each one is 

produced repeatedly in random order. Response words are often elicited in response to pre-memorised, 

highly associated “cue” words (iron-metal), but to the extent that suitable pictures are available, pictorial 

stimuli can also be used. The crucial manipulation concerns whether or not response words within a 

particular block overlap with regard to certain form properties (e.g., phonological segments, features, 

metrical structure, syllables, etc.). In so-called “homogeneous” blocks, responses share form properties; in 

“heterogeneous” blocks, the same words are produced but within sets which do not share the form 

properties. The central observation is that word-initial overlap facilitates responses and the size of this effect 

grows with increasing overlap (Meyer, 1990, 1991; Roelofs, 2006), whereas non-initial overlap does not yield 

a benefit. Since its inception, this task has been featured in an extensive literature in which a variety of 

aspects of language production have been explored (e.g., metrical properties; Roelofs & Meyer, 1998; 

morphology; Roelofs & Baayen, 2002; orthography; Damian & Bowers, 2003; bilingual production; Roelofs, 

2003) and it has been used in both the domain of spoken, and of written (e.g., Shen, Damian & Stadthagen-

Gonzalez, 2013) word production. The most explicit computational account of the effect (Roelofs, 1997) 

attributes this effect to partial planning of the response which is possible in homogeneous but not in 

heterogeneous blocks. According to this view, speakers (or writers) use the information available in 

homogeneous blocks to partially plan their response, suspend operation, and resume once the response has 

been disambiguated, resulting in a response time benefit. However, recently this account has been called 

into question by O’Séaghdha and Frazer (2014) who highlighted attentional influences on the effect which 

raise the possibility that the effect resides outside the language system proper.  

In a recent paper, Breining, Nozari and Rapp (2016) reported highly intriguing results obtained with the 
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blocked cyclic naming procedure which pose a further challenge with regard to how the effect informs us 

with regard to language production. As in numerous previous articles, they blocked response words within a 

set by form overlap (“homogeneous” vs. “heterogeneous”). However, contrary to previous studies, in the 

homogeneous blocks responses were chosen such that overlap was unpredictable (e.g., an example set 

consisted of the following six words: cat-mat-cot-cap-map-mop). The critical finding was that under these 

circumstances, compared to “heterogeneous” sets without phonological overlap, response latencies were 

slowed down. This “similarity-based interference” pattern was found both with spoken and written 

responses. Similar interference effects were obtained when word-form overlap occured at non-onset 

position, with interference being stronger for highly similar (e.g., hut, nut) compared to less similar word 

pairs (e.g., cup, map; Nozari, Freund, Breining, Rapp, & Gordon, 2016). Moreover, it has been demonstrated 

that word-form similarity interfered with the learning of novel words, reflected by the fact that naming of 

novel objects was less accurate and slower in the context of segmentally or semantically related items 

(Breining, Nozari, & Rapp, 2019).  

On a purely empirical level, the results of similarity-based interference are important because over the last 

few decades, a range of theoretical claims has been made based on the priming effects found in this task. 

Breining et al. argued that the conventionally obtained facilitatory effect of (predictable) form overlap in 

these tasks may or may not reside within the language system proper, but that “similarity-based 

interference” resulting from unpredictable overlap might be a more general property of the language 

production system. Seen from this perspective, semantic (as described above) and phonological effects might 

be driven by similar principles.  

To explain their findings, Breining et al. (2016) appealed to the same mechanism as the one outlined in the 

previous section on semantic effects: ‘competitive incremental learning’. The middle panel of Figure 1 

extends this principle to the mapping from the lexicon to sublexical phonological representations 

(phonemes, syllables, etc.). Interestingly, a purely feedforward network augmented by an incremental 

learning mechanism such as the one described by Oppenheim et al. (2010) would not predict form-related 

effects. This is because strengthening of the links between a lexical node and corresponding form properties 

on Trial N-1 will not affect the mappings from a form-related naming episode on Trial N. The bottom panel 

shows the outcome when feedback from the phonological to the lexical level is added: feedback leads to the 

co-activation of a form-related lexical node on Trial N-1 (i.e., naming “cat” co-activates “cap”), and 

incremental learning results in the weakening of some of the links from “cap” to the phonological level, and 

hence naming accuracy and/or latencies of “cap” on Trial N should be detrimentally affected. If so, the same 

mechanism, competitive incremental learning, would account for similarity-based interference both in the 

semantic (as in Oppenheim et al.) and the phonological domain. Breining et al. cautioned that their results 

should not necessarily be interpreted as evidence against competitive lexical section, and wrote that 

“Although our predictions were framed using Oppenheim et al.’s (2010) model, our data are equally 

consistent with an incremental learning account that relies on lateral inhibition rather than competitive 

learning (Howard et al., 2006)” (p. 505). Indeed, the model schematised in the bottom panel of Figure 1 does 

not require competitive lexical selection to generate inhibitory effects but it is nonetheless possible that co-

activated lexical nodes compete against each other.  

In subsequent work, Breining, Nozari and Rapp (2019) tested predictions derived from the incremental 

learning concept via word learning: participants were asked to associate pictures of unfamiliar objects with 

names as well as with semantic features, and pictures were presented in semantically related, form-related, 
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or unrelated blocks of items. Both semantic and form similarity interfered with word learning. However, 

semantic similarity facilitated learning distinctive (i.e., unique) semantic features whereas segmental overlap 

facilitated learning shared segmental features. These findings added further support to the notion of 

“incremental learning” as a universal principle in which learning consists of an interplay between 

strengthening associations between certain representations, and weakening others.  

For the current work, we returned to the findings reported in Breining et al. (2016): form overlap in the 

blocked cycling naming task induces an inhibitory effect, both with spoken and with written responses. Apart 

form an explanation in terms of incremental learning, there is an alternative explanation which could also 

account for the results. As summarised earlier, Chen and Mirman (2012) argued that in an interactive 

activation model in which lexical nodes compete with each other, strong co-activation of lexical competitors 

will result in interference, whereas weak activation will result in facilitation. Word production is semantically 

driven and therefore closely related semantic neighbours should be strongly co-activated. By contrast, form-

related neighbours can only be activated via cascading of activation from the lexical to the phonological level, 

plus feedback in the opposite direction. Hence phonological co-activation is typically predicted to be weak, 

and should result in facilitation. This line of reasoning predicts that in spoken word production, effects of 

phonological neighbourhood density should be facilitatory: words with many neighbours should be produced 

faster and more accurately than words with few or no neighbours, and Simulation 4 provided by Chen and 

Mirman indeed generates this pattern. However, empirically the impact of neighbourhood on word 

production is complex (see Vitevich & Luce, 2016, for a summary) and may under most circumstances be 

inhibitory (Sadat, Martin, Costa & Alario, 2014). In a blocked cyclic naming task, the same responses are 

being generated repeatedly in random order, and so it is plausible that this leads to strong co-activation of 

multiple lexical competitors which are form-related in homogeneous sets. Hence, the “similarity-based 

interference” effect reported by Breining et al. (2016) could also be explained by interactive activation which 

results in the co-activation of form-related nodes via feedback, and competitive lexical selection. Figure 2 

demonstrates this possibility: an interactive framework allows exchange of activation between the lexical and 

the phonological level, and lexical nodes compete against one another, in this case via lateral inhibition. On 

Trial N-1, naming a “cat” will coactivate, via feedback, a form-related lexical node such as “cap”. The correct 

response usually wins, and as a consequence, the form-related competitor “cap” is inhibited. If the inhibited 

lexical node is the target on the following Trial N, then accuracy and/or latencies could be detrimentally 

affected. As it stands, the array of results currently available does not allow us to distinguish between form-

based similarity generated by incremental learning (with or without competitive lexical selection), and co-

activation of form-related items and subsequent competitive lexical selection. 
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Figure 2. Model of lexicon-to-phonology mapping with feedback, but without incremental learning. 

 

The current study 

The aim of the current study was twofold. First, we attempted to replicate Breining et al.’s (2016) results, 

which were originally obtained with English speakers and materials, with Chinese stimuli and native speakers 

of Mandarin. Speakers of different languages (or language families) have recently been claimed to plan their 

spoken output in terms of different “proximate units”, i.e., primary phonological planning units below the 

word level (O’Séaghdha, 2015). For speakers of Western languages, these are most likely “phonemes”, 

whereas for speakers of Mandarin Chinese, syllables constitute proximate units (O’Séaghdha, Chen & Chen, 

2010). If similarity-based interference is a general observation (as claimed by Breining et al.) then response 

language should be largely irrelevant, and indeed we predict an inhibitory effect of form overlap when 

syllables within a response set are shared but are “position-inconsistent”. Moreover, we also included the 

standard “position-consistent” overlap condition in which previous studies conducted with Chinese 

participants (e.g., Chen, Chen & Dell, 2002) have reported faciliatory effects. As was the case in Breining’s 

article, we tested the spoken (Experiment 1) and written (Experiment 3) response modality. To anticipate the 

results, the critical “similarity-based interference” effect also emerged in our experiments. 

In Experiments 2 and 4 (for the spoken and written modality respectively), we conducted a critical test which 

allows us to distinguish between the two possible explanations sketched above (“competitive incremental 

learning” vs. “spreading activation with competitive lexical selection”). If the effect results from incremental 

learning, then the similarity-based interference effect should be (relatively) immune to manipulations of the 

time interval between successive trials. By contrast, lexical co-activation as such should be relatively transient 

and dissipate quickly. Hence, in our second and fourth experiment, critical trials were interleaved with “filler” 

picture naming trials which were always form-unrelated. In a final study with spoken responses (Experiment 

5), critical naming responses were spaced even further apart via two intervening trials on which participants 

carried out a nonlinguistic filler task (mental rotation). The incremental learning account predicts that 

production of unrelated “filler” trials should be of little relevance because the weight increments resulting 

from learning are stable, and in- and decrementing weights between nodes which are unrelated to the 

target ones should have no effect. By contrast, under the spreading activation account production of 
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unrelated filler responses should eliminate (or at least substantially reduce) the inhibitory effect of form 

overlap. To anticipate the results, independent of response modality (spoken or written; Experiments 2/5 

and 4) we still obtained similarity-based interference. In combination, these results lend support to the idea 

that incremental learning is a universal property of the language production system which can account for 

effects of semantic as well as phonological/orthographic overlap. 

2. Experiment 1 

In the first experiment, we aimed at replicating the inhibitory effect of form overlap reported by Breining et 

al. (2016), with native Mandarin speakers, and spoken responses. Breining et al. used pictures with 

monosyllabic names and manipulated form overlap in terms of shared phonemes (cat, mat, cot, cap, map, 

mop). By contrast, in our Experiment 1, pictures had disyllabic names. In a “position-consistent” condition, all 

words within a set shared the initial syllable (but not its tone), and hence this corresponds to the typical 

“homogeneous” condition in blocked cyclic naming tasks. For instance, Chen et al. (2002) showed a 

facilitatory effect of atonal syllabic word-initial overlap, compared to a baseline condition, and hence we also 

expected significant facilitation compared to a baseline condition of picture names without form overlap. 

More importantly, the “position-inconsistent” condition consisted of picture name combinations in which 

again all items shared an (atonal) syllable, but for half of the items the critical syllable was in first position 

whereas for the other half, it was in second position. Based on Breining et al.’s findings, we predicted an 

inhibitory effect for the “position-inconsistent” condition, and combined with the “position-consistent” 

condition, the suggested outcome would result in a cross-over interaction between context and position of 

overlap. We manipulated the “position overlap” factor between-participants, because otherwise the 

experiment would have grown to be excessively long.  

2.1. Method 

2.1.1. Participants. Seventy-two native Mandarin Chinese speakers were recruited from Beijing Forest 

University and China Agricultural University and were paid for their participation. 36 participants were 

randomly assigned to the “position-consistent” syllable overlap condition, and the others to the “position-

inconsistent” overlap condition. This study was approved by the Ethics Committee of the Institute of 

Psychology, Chinese Academy of Sciences, and the informed consent was obtained from all participants.  

2.1.2. Materials and Design. For the “position-consistent” condition, 36 line drawings of common objects 

were arranged in a matrix of 6 × 6 items such that items in rows formed form-overlapping sets 

(homogeneous) whereas items in columns did not (heterogeneous). In the homogeneous sets, object names 

shared the initial atonal syllable (e.g., 书包, /shu1bao1/, “schoolbag”; 鼠标, /shu3biao1/, “mouse”; 梳子, 

/shu1zi/, “comb”; 竖琴, /shu4qin2/, “harp”; 树叶, /shu4ye4/, “leaf”; 书架, /shu1jia4/, “bookshelf”); in the 

heterogeneous sets there was no such syllabic overlap. For the “position-inconsistent” condition, another set 

of 36 objects were chosen such that in homogeneous sets, all six items shared an atonal syllable but for three 

items the overlapping syllable was in first position whereas for the other three it was in second position (e.g., 

书包, /shu1bao1/, “schoolbag”; 鼠标, /shu3biao1/, “mouse”; 梳子, /shu1zi/, “comb”; 袋鼠, /dai4shu3/, 

“kangaroo”; 大树, /da4shu4/, “tree”; 别墅, /bie2shu4/, “villa”). For the corresponding heterogeneous sets 

there was no syllabic overlap. In this way, homogeneous sets in both “position-consistent” and “position-

inconsistent” sets overlapped to the same degree, but in the former the position of overlap was predictable 

whereas in the latter it was unpredictable. Profiting from the large dissociation between phonology and 

orthography, orthographic overlap between items was entirely avoided. Appendix A provides a full list of the 

materials. 
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For each participant, the twelve experimental blocks were presented in an alternating sequence of 

homogeneous and heterogeneous blocks. Half of the participants received homogeneous blocks first 

followed by heterogeneous blocks; the remaining half received the opposite order. The order of the six 

blocks was determined by a Latin Square design. Within each block, each item was presented for four 

“cycles”, resulting in 24 trials in each block, in a pseudo-random order such items never repeated on adjacent 

trials. For each participant, the entire testing session included 288 trials (24 trials in each of 12 blocks). Thus, 

“context” (homogeneous vs. heterogeneous) and “cycle” were within-participant and within-items factors. 

“Position type” (position-consistent vs. position-inconsistent overlap) was a between-participants and 

between-items factor. 

2.1.3. Procedure. The experiment was run using DMDX (Forster & Forster, 2003), and vocal responses were 

recorded using a microphone connected to the computer. Participants were first instructed that they would 

see single objects presented on the computer screen and their task was to name them as fast and accurately 

as possible. In each block, participants were first asked to familiarise themselves with the experimental 

stimuli by viewing six objects, with the corresponding names printed underneath each object. Subsequently, 

each trial started with a fixation (500 ms) and then a blank screen (500 ms) followed by an object (2,000 ms) 

in the center of the screen against a white background. The interval between two successive trials was 1,000 

ms. Participants received a practice block comprising six filler objects, followed by the 12 experimental 

blocks. The experiment lasted approximately 35 minutes per participant. 

2.2. Results 

Data from trials with incorrect responses (1.4%) and with responses beyond 2.5 standard deviations from a 

participant’s mean (2.3%) were excluded from the response time analysis. Table 1 presents mean response 

times (RT) and error rates per condition. Relative to the baseline condition, “position-consistent” overlap 

between items resulted in a facilitatory effect in response times, whereas “position-inconsistent” overlap 

generated an inhibitory pattern. Table 1 and Figure 3 also show the response time results split up by cycle (1-

4), and the effect of overlap appears largely consistent across the four cycles.  

A linear mixed-effects model analysis (Baayen, Davidson, & Bates, 2008; Bates, 2005) was conducted on the 

response latencies, with context (homogeneous vs. heterogeneous), position type (position-consistent vs. 

position-inconsistent), and cycle1 as fixed factors and by-participant and by-item random intercepts and 

random slopes for context.2 Contrast coding for fixed-effect factors were used. The anova() function from 

package lmerTest (Kuznetsova, Brockhoff & Christensen, 2017) was implemented with the Satterthwaite 

approximation for the degree of freedom. The anova function performs F test on fixed effects, and gives 

estimated df and p values. β, SE and t values were retrieved from the summary() function. We obtained a 

highly significant cross-over interaction between position type and context (β = 31.9, SE = 9.2, F (1, 89) = 11.98, 

p < .001). Simple-effect analysis showed that the facilitatory effect of context in the position-consistent 

condition was significant (β = -20.1, SE = 7.1, F (1, 39) = 7.96, p < .01), as was the inhibitory effect of context in 

the position-inconsistent condition (β = 11.8, SE = 5.8, F (1, 51) = 4.11, p < .05). As shown in Figure 1, the effect 

of overlap appears relatively consistent across cycles, and this was supported by null effect of interactions 

 
1 Following previous studies (e.g., Belke, Meyer, & Damian, 2005; Breining, et al., 2016), only cycles 2–4 were considered for RT 
analysis, as studies had indicated that context effects typically emerged or remained stable only after the first cycle. 
2 Because position type was manipulated between-participants and between-items, slope adjustments were not specified for this 
factor. In cases in which the maximal model failed to converge, we sequentially simplified the item and subject random slopes until 
convergence was achieved. See Appendix C for the complete summary of fixed effect and random effects.  
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between Cycle and Context in each of the two position types (position-consistent: F (2, 7312) = 0.74, p = .477; 

position-inconsistent: F (2, 7321) = 0.71, p = .493). A mixed-effects logistic regression analysis (glmer with 

binomial family) conducted on errors showed no significant effects of position type, context, or cycle, nor 

their interactions (all ps > .3). 

2.3. Discussion 

These results replicated previously reported findings. The “position-consistent” overlap, consisting of items 

within homogeneous sets sharing the initial atonal syllable, resulted in significant facilitation (18 ms) 

compared to the heterogeneous condition. Similar effects have been previously reported with Mandarin 

speakers. For instance, Chen et al. (2002) reported a priming effect of 12 ms in their Experiment 2 (“syllable-

alone” condition; much larger priming effects of approximately 50 ms were obtained when overlapping 

syllables additionally shared tone). More importantly, the inhibitory effect of “position-inconsistent” form 

overlap first reported by Breining et al. (2016) also emerged in our results, but with Chinese speakers and 

syllable overlap compared to their English speakers and segmental overlap. The size of the inhibitory effect 

(10 ms) was modest but statistically reliable. For comparison, Breining et al. reported 18 ms in their first 

experiment on spoken production. Importantly, the overall analysis resulted in a highly significant cross-over 

interaction between context and overlap position. This finding further highlights  

 

Table 1 

Experiment 1: Mean response latencies (in milliseconds, with standard deviations in parentheses) and error 

percentages per overlap position (position-consistent vs. position-inconsistent), context (heterogeneous vs. 

homogeneous), and cycle (1-4). 

        

 Cycle    
  1 2 3 4   Overall  Effect 

Response latencies       
 position-consistent       
  heterogeneous 557 (114) 559 (109) 563 (114) 559 (116)  559 (113)  
  homogeneous 545 (105) 539 (102) 539 (99) 541 (99)  541 (102) -18 

        
 position-inconsistent       
  heterogeneous 582 (118) 568 (103) 565 (100) 567 (107)  571 (107)  
  homogeneous 591 (118) 582 (112) 576 (110) 576 (115)  581 (114) 10 

        
Error percentages        
 position-consistent       
  heterogeneous 1.4 1.1 0.9 1.6  1.3  
  homogeneous 1.4 1.5 1.0 1.4  1.3 0.0 

        
 position-inconsistent       
  heterogeneous 2.1 1.3 1.1 1.9  1.6  
  homogeneous 1.5 1.2 1.7 1.2   1.4 0.2 
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Figure 3. Mean response times and standard errors per condition of Experiment 1. 

 

 

Breining et al.’s conjecture that predictability of form overlap with regard to position within response words 

is of major importance in the context of form overlap in spoken word production: when overlap is 

predictable, overlap between words is facilitatory but when overlap is unpredictable, similarity-based 

interference is found. 

3. Experiment 2 

The goal of Experiment 2 was to investigate whether the similarity-based interference effect which emerged 

in the “position-inconsistent” condition would still be found if the critical trials were interleaved with 

phonologically unrelated filler trials. If so, the result would support the view that the effect arises due to an 

underlying long-lasting mechanism, such as “competitive incremental learning”. If the effect disappears with 

filler trials, the results would support a short-acting explanation such as spreading activation in conjunction 

with competitive lexical selection.  

3.1. Method 

3.1.1. Participants. Thirty-six new participants from the same pool as in Experiment 1 took part and were 

paid.  

3.1.2. Materials, Design and Procedure. The same set of 36 critical objects from the “position-inconsistent” 

condition of Experiment 1 was adopted in Experiment 2. The critical trials were interleaved with 

phonologically unrelated filler objects. Specific care was taken to avoid semantic or word-form relationship 

between filler and critical objects. Within each block, each of 12 items was presented three times3, 

constituting 36 trials in each block, in a pseudo-random order so that targets and fillers alternated. All other 

aspects of design, procedure and time structure within each trial were identical to those of Experiment 1. 

However, the time interval of the onsets of successive critical objects was exactly 8 sec. The entire 

 
3 We reduced the times of repetitions per block from four (in Experiment 1) to three, in order to keep the length of the experiment 
manageable. 
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experiment included 432 trials (12 items × 3 cycles × 12 blocks), and lasted roughly 55 minutes. 

3.2. Results and Discussion 

The same criteria for data exclusion were applied, resulting in the deletion of 0.9% of the data through errors 

and 2.8% trials with responses classified as outliers. Table 2 shows mean RT and error rates per condition 

and cycle, and Figure 4 shows the latency effect across cycles. RTs in the homogeneous condition were 

significantly slower than those of the heterogeneous condition (β = 19.83, SE = 9.45, F (1, 35) = 4.41, p < .05) 

but the interaction between context and cycle did not reach significance (β = -0.28, SE = 5.04, F (1, 4895) = 

0.003, p = .95), indicating the magnitude of the interference effect was stable across cycles. Error analysis 

showed that the only significant effect was a main effect of context (β = 3.07, SE = 1.18, z = 2.61, p < .01), 

with more errors in the homogeneous than the heterogeneous condition.  

To directly compare the context effect in Experiment 1 and Experiment 2, we conducted a joint analysis on 

the data from both experiments and performed the linear mixed model analysis with experiment (i.e., the 

factor ‘lag’) and context as fixed factors. Results showed that there were significant main effects of lag (F (1,70) 

= 18.17, p < .001) and context (F (1,92) = 5.90, p < .017). By contrast, the interaction between experiment and 

context did not reach significance (F (1,69) = 0.60, p = .442), demonstrating that the similarity-based 

interference effect was unaffected by the presence or absence of intervening filler trials. 

Table 2 

Experiment 2: Mean response latencies (in milliseconds, with standard deviations in parentheses) and error 

percentages per context (heterogeneous vs. homogeneous) and cycle (1-3). 

 Cycle    

  1 2 3   Overall  Effect 

Response latencies       

  heterogeneous 648 (120) 639 (122) 637 (126)  641 (123)  
  homogeneous 663 (127) 660 (130) 658 (129)  661 (129) 20 

       

Error percentages       

  heterogeneous 0.9 0.4 0.5  0.6  
  homogeneous 1.6 1.5 0.8   1.3 0.7 

 

  

Figure 4. Mean response times and standard errors in each condition of Experiment 2 
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In summary, the similarity-based interference effect with position-inconsistent form overlap appears immune 

to the temporal delay introduced by the filler trials and hence short-lived accounts of this effect, such as 

feedback from phonological to lexical representations and competitive lexical selection, can be ruled out.  

4. Experiment 3  

According to Breining et al. (2016), the similarity-based interference effect is not specific to the spoken 

production modality but emerges similarly with spoken and written responses. To further assess this claim, 

the next two experiments replicated the general design of the first two, but used written rather than spoken 

responses. Because in Chinese, spelling and sound are almost entirely dissociated, in Experiment 3 and 4 

form overlap was defined in terms of an overlapping orthographic “radical”.4  

4.1. Method 

4.1.1. Participants. Seventy-two students were recruited from the same pool as in Experiment 1 and 2, with 

36 participants randomly assigned to either the “position-consistent” or the “position-inconsistent” overlap 

condition.  

4.1.2. Materials, Design and Procedure. In the “position-consistent” condition, 36 objects formed six 

homogeneous lists in which object names shared an orthographic radical in word-initial position (钻石, 

/zuan4shi2/, “diamond”; 钥匙, /yao3shi/, “key”; 针管, /zhen1guan3/, “needle”; 铃铛, /ling2dang/, “bell”; 

钢琴, /gang1qin2/, “piano”; 钱包, /qian2bao1/, “purse”). In the “position-inconsistent” condition, another 

set of 36 objects formed six homogeneous lists in which the shared radical was distributed at various 

constituent characters within a word: in half of items of a block, the radical occupied the initial character 

while in the other half, the radical was located in the final character. Both conditions were equated in terms 

of the degree of orthographic overlap. See Appendix B for a list of the materials. 

The Design was identical, and the Procedure was similar, to Experiment 1. The difference in procedure 

between Experiment 1 and 3 concerned the modality of responses. Participants were asked to write down 

responses on an Intuos4 graphic tablet with an inking pen (Wacom, Kazo-shi, Japan). Participants wrote their 

responses on an A4 sheet of paper attached to the tablet. Response latencies were measured from object 

onset to the initial contact of the pen with the tablet. A timeout period of 4,500 ms was used, and the 

experiment lasted approximately 60 minutes per participant. 

4.2. Results and Discussion 

The same criteria for data exclusion were applied, resulting in the deletion of 1.2% of the data through errors 

and 2.8% trials due to outliers. Table 3 shows mean RT and error rates per condition and cycle, and Figure 5 

shows the latency effect across cycles. There was a significant crossover interaction between position type 

and context (β = 64.99, SE = 17.34, F (1, 79) = 14.05, p < .001): in the position-consistent condition, RTs in the 

homogeneous condition were significantly faster than in the heterogeneous (β = -40.33, SE = 12.70, F(1, 41) = 

10.08, p < .01); in the position-inconsistent condition, RTs in the homogenous condition were significantly 

slower than in the heterogeneous condition (β = 24.64, SE = 11.8, F (1, 38) = 2.09, p < .05). The magnitude of 

the facilitation and the interference effect was similar across the cycles, as shown by null effects of 

interactions between Cycle and Context (position-consistent: F (2, 7343) = 0.31, p = .736; position-inconsistent: F 

 
4 Chinese orthography is organized according to a stroke-radical-character hierarchy. Chinese characters are automatically 
decomposed into sub-character components, and reading or writing Chinese characters involves independent radical processing (e.g., 
Qu & Damian, 2020; Qu, Damian, & Li, 2016; Qu, Damian, Zhang, & Zhu, 2011). 
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(2, 7345) = 2.10, p = .123). Error analysis showed that none of the effects involving position type and context 

were significant (all ps > .2). In short, overall results are similar to those obtained in the first experiment. This 

similarity lends support to Breining et al.’s (2016) claim that the similarity-based interference effect is not 

dependent on a specific aspect of a particular response modality but rather reveals a general principle of 

language production.  

Effects of word-initial radical overlap in written word production have been reported before, but the size of 

the effect appears to vary somewhat. In our current experiment, the size of the position-consistent 

facilitation effect (46 ms) was somewhat larger than a parallel effect previously reported by Chen and 

Cherng (2013; 19 ms in their Experiment 3) but it was smaller compared to our own previously reported 

findings (Damian & Qu, 2019, found a 69 ms priming effect in their Experiment 1). Such fluctuation may 

further indicate that the effect resides outside the language production system proper, and perhaps 

depends on attentional and strategic factors, as suggested by O’Séaghdha and Frazer (2014). The size of our 

“position-independent” priming effect (22 ms) was somewhat larger than the comparable effect reported 

earlier by Breining et al. (2016; 12 ms in their experiment with written responses) but of course response 

language and orthography differed between the two experiments.  

 

Table 3 

Experiment 3: Mean response latencies (in milliseconds, with standard deviations in parentheses) and error 

percentages per overlap position (position-consistent vs. position-inconsistent), context (heterogeneous vs. 

homogeneous), and cycle (1-4). 

 Cycle    
  1 2 3 4   Overall  Effect 

Response latencies        
 position-consistent        
  heterogeneous 712 (176) 677 (164) 650 (150) 651 (150)  673 (163)  
  homogeneous 668 (200) 635 (184) 610 (177) 611 (183)  630 (187) -43 

        
 position-inconsistent        
  heterogeneous 775 (154) 737 (145) 708 (129) 702 (126)  730 (142)  
  homogeneous 789 (160) 754 (155) 735 (143) 731 (142)  752 (152) 22 

        
Error percentages        
 position-consistent        
  heterogeneous 2.5 1.2 1.4 0.7  1.4  
  homogeneous 2.2 0.8 1 1.5  1.4 0.0 

        
 position-inconsistent        
  heterogeneous 1.5 0.7 0.6 0.8  0.9  
  homogeneous 1.5 0.7 0.8 0.8   0.9 0.0 
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Figure 5. Mean response times and standard errors in each condition of Experiment 3. 

 

5. Experiment 4 

In analog to Experiment 2, Experiment 4 tested whether the similarity-based interference effect in the 

“position-inconsistent” condition is affected by interleaved filler trials. 

5.1. Method 

5.1.1. Participants. Thirty-six new participants from the same population took part and were paid.  

5.1.2. Materials, Design and Procedure. The “position-inconsistent” trials of Experiment 3 were interleaved 

with 36 filler objects. Specific care was taken to avoid semantic, phonological, or orthographic relationship 

between the filler and critical objects. Due to the longer timeout used for written responses, the time 

interval between the onsets of successive critical objects was 13 sec, and the entire experiment lasted 

roughly 80 minutes. Other aspects of design and procedure were identical to that of Experiment 3.  

5.2. Results and Discussion 

The same criteria for data exclusion were applied, resulting in the deletion of 2.0% of the data through errors 

and 2.8% as outliers. Table 4 shows mean RT and error rates per condition and cycle, and Figure 6 shows the 

latency effect across cycles. There was a significant main effect of context (β = 29.23, SE = 12.74, F (1, 37) = 

5.27, p < .05; See Figure 4) which did not interact with cycle (F (1, 4805) = 0.07, p = .80). Error analysis showed 

that error rates in the heterogeneous condition was significantly higher than the homogeneous condition (β 

= 0.75, SE = 0.26, z = 2.93, p < .01).  

We additionally conducted a joint analysis on the data from Experiments 3 and 4 and performed the linear 

mixed model analysis with experiment and context as fixed factors. Results showed that there was a 

significant main effect of context (F (1,78) = 9.38, p = .003). The main effect of experiment (F (1,70) = 0.45, p 

= .505), as well as the interaction between experiment and context did not reach significance (F (1,70) = 0.07, p 

= .788), suggesting that the interference effect is not attenuated or eliminated when filler items intervene 

between critical objects. 
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Table 4 

Experiment 4: Mean response latencies (in milliseconds, with standard deviations in parentheses) and error 

percentages per context (heterogeneous vs. homogeneous) and cycle (1-3). 

  Cycle    

  1 2 3   Overall  Effect 

Response latencies       

  heterogeneous 786 (202) 707 (165) 686 (152)  726 (179)  
  homogeneous 802 (209) 736 (185) 716 (180)  751 (195) 25 

       

Error percentages       

  heterogeneous 3.4 1.9 2.1  2.4  
  homogeneous 1.7 1.5 1.8   1.6 -0.8 

  

 

  

Figure 6. Mean response times and standard errors in each condition of Experiment 4. 

 

In summary, Experiment 2 (with spoken responses) and Experiment 4 (with written responses) converge on 

the conclusion that the similarity-based interference effect which emerges when position of overlap is 

unpredictable is largely immune to the temporal delay introduced by the interleaved filler between 

successive naming episodes. 

6. Experiment 5 

In the final experiment, critical picture naming responses were spaced even further apart via filler trials on 

which participants carried out a non-linguistic activity (mental rotation) and each critical picture naming trial was 

preceded by two filler trials. Such considerable gap between critical trials (12 sec) should eliminate or at least 

dramatically reduce potential spreading activation; by contrast, if the effect is based on a relatively long-

lasting mechanism, it should be largely unaffected by the filler manipulation. We conducted the study with 

spoken responses, mainly because each experimental session took close to 2 hrs to complete and the slower 

pace of experiments with written responses would have rendered the study excessively long. 

6.1. Method 

6.1.1. Participants. Twenty-eight new participants from the same pool took part and were paid.  
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6.1.2. Materials, Design and Procedure. The same set of 36 critical objects from the “position-inconsistent” 

condition of Experiment 1 and 2 were used. Critical object naming trials were interleaved with two nonverbal 

trials. For the nonverbal trials, we adapted a simplified version of the mental rotation task introduced by 

Shepard and Metzler (1971, cf. Damian & Als, 2005). Two letters R were presented side by side in 48 bold 

font, each one rotated clockwise by either 45°, 135°, 225°, or 315° from their upright positions and with 

either none, one, or both of the letters being mirror reversed. Participants were asked to judge by pressing 

one of two buttons whether or not both letters were identical when rotated into the same orientation. This 

task required a mental rotation of either 0°, 45°, or 90° to bring one of the letters into alignment with the 

other. Mental rotation trials were arranged such that the same target display never occurred on consecutive 

manual trials. On each mental rotation trial, a fixation cross was presented for 500 ms. After a blank period 

of 500 ms, the R letters were shown for 1500 ms. All other aspects of design, procedure and time structure 

within each trial were identical to those of Experiment 1 and 2. However, due the presence of two filler trials 

between critical picture naming trials, the time interval between successive target onsets was exactly 12 sec. 

The entire experiment included 864 trials (critical: 6 items × 4 cycles × 12 blocks; filler: 12 items × 4 cycles × 

12 blocks) and lasted roughly 120 minutes. 

6.2. Results and Discussion  

For the naming trials, the same criteria for data exclusion as in the previous experiments were applied, 

resulting in the deletion of 0.32% of the data through errors and 2.59% trials with responses classified as 

outliers. Table 5 shows mean RT and error rates per condition and cycle, and Figure 7 shows the effects 

across cycles.  

For the object-naming trials, RTs in the homogeneous condition were 32 ms slower than those in the 

heterogeneous condition (β = 34.12, SE = 15.46, F (1, 36) = 4.87, p = 0.034). The interaction between context 

and cycle did not reach significance (F (2, 5481) = 0.17, p = 0.845), indicating that the magnitude of the 

interference effect was stable across cycles. The error rate was too low (0.32%) to allow for a meaningful 

statistical analysis. 

In the present experiment with nonverbal filler tasks, the interference effect (32 ms) was numerically larger 

than what we found without fillers in Experiment 1 (10 ms). To directly compare the context effect in 

Experiment 1 and Experiment 5, we conducted a joint analysis on the data from both experiments and 

performed the linear mixed model analysis with experiment, context, cycle and interactions as fixed factors. 

Results showed that there were significant main effects of experiment (F (1, 62) = 30.2, p < .001) and context (F 

(1, 84) = 7.98, p < .01). By contrast, the interaction between experiment and context did not reach statistical 

significance (F (1, 62) = 2.57, p = .11), although the interference effect was numerically larger with the presence 

of intervening nonverbal fillers.  

In summary, the similarity-based interference effect with position-inconsistent form overlap persists with two 

nonverbal trials between subsequent object naming. This finding suggests a relatively long-lasting 

mechanism underlying the effect.  
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Table 5 

Experiment 5: Mean response latencies (in milliseconds, with standard deviations in parentheses) and error 

percentages per context (heterogeneous vs. homogeneous) and cycle (1-4). 

 Cycle     
  1 2 3 4  Overall Effect 

Response latencies       
  heterogeneous 698 (223) 691 (195) 690 (198) 679 

(212) 

689(207)  
  homogeneous 725 (212) 726 (207) 721 (212) 710 

(206) 

721(209) 32 

       
Error percentages       
  heterogeneous 0.59 0.20 0.20 0.20 0.30  
  homogeneous 0.40 0.30 0.20 0.50 0.35    0.05 

 

 

  

Figure 7. Mean response times and standard errors in each condition of Experiment 5 

7. Computational simulations 

In the following, we present a computational model which simulates the form overlap in the blocked cyclic 

paradigm. The aim is to confirm that a model which implements ‘competitive incremental learning’, in 

combination with feedback from the phonological to the lexical level, but crucially without competitive 

lexical selection, is able to generate the pattern reported by Breining et al. (2016) and by our own 

experiments. The model is not intended to provide a close quantitative fit, but rather serves as a ‘proof of 

concept’ for the claim that a model which employs the principles above is able to generate the correct 

directionality of effects evoked by form overlap.5  

The model follows the general principles schematised in Figure 1 (bottom panel) and is shown in Figure 8. It 

consists of four lexical nodes, as well as eight phonological nodes. The two layers are bidirectionally 

 
5 All data and the MATLAB code used for computational simulations are publicly available at 
https://doi.org/10.6084/m9.figshare.12630665 

620

660

700

740

780

820

1 2 3 4

R
es

p
o

n
se

 T
im

e 
(m

s)

Cycle

Homogeneous Heterogeneous



Form overlap effects in spoken and written word production 21 
 

 

connected, but there is no lateral inhibition at the lexical or phonological layer. At the beginning of each 

simulated trial, one of the four lexical nodes receives input, presumably arising from the semantic layer 

(which is not implemented). The activation of this lexical node will propagate to its connected sub-lexical 

nodes across a number of cycles. Through bidirectional connections, other lexical nodes which have 

connections with these sub-lexical nodes will be activated. Each lexical or phoneme node receives input from 

all nodes to which it is connected; the target lexical node additionally receives external input. Each 

connection has a weight specifying its strength. Therefore, the total input which node i receives is: 

neti = external input + ∑ajwij                                                                                      (1) 

aj represents the activation level of node j. wij represents the connection strengthen from node i to node j. 

The activation of a specific node is updated according to the classical rule described by McClelland and 

Rumelhart (1981): 

If neti > 0: (2) 

ai(t+1) = ai(t) + (max – ai(t))neti – decay(ai(t) – rest) 

if neti ≤ 0: 

ai(t+1) = ai(t) + (ai(t) - min))neti – decay(ai(t) – rest) 

In this way, activation is bounded by variables max and min, each node has a resting level, and activation 

undergoes decay on each time step.  

 

 

Figure 8. Structure of the computational model. Top panel: heterogeneous condition (all four lexical nodes 

have two unique form/syllable nodes); bottom panel: homogeneous condition (all four lexical nodes share 

one form/syllable node). 
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The simulation performs a number of cycles/updates until both target phoneme nodes have crossed a 

critical threshold, with the number of cycles required to reach this criterion constituting the dependent 

variable. Critically, the threshold is absolute, i.e., the activation levels of other, concurrently active nodes 

does not affect selection time. Following the selection of target segments, the connection weights from the 

word node to the corresponding segment nodes are adjusted through an error-driven learning process, i.e., 

the delta rule (Oppenheim et al., 2010; Widrow & Hoff, 1960) according to the equation below: 

Δwij = η(ai(1 − ai)(di − ai))aj                                                                (3) 

In this way, the strengthening and weakening of connection weights depends on the activity of the 

corresponding nodes, as well as the discrepancy between the actual activation level of node i, ai, and its 

desired activation, di. η is the learning rate which adjusts the speed of weight change. Model parameters are 

shown in Table 6. The learning algorithm increases the connection weights from the target word to 

segments, and decreases weights from other words to these segments.  

The simulation mirrors the procedure of the blocked cyclic naming paradigm: 24 participants named 4 

pictures with disyllabic names across four cycles per block. In heterogeneous blocks, all four lexical nodes 

have unique phonological properties associated with them (there is no form overlap); in homogeneous 

blocks, all four nodes share a single phonological unit, and the other is unique. The average number of cycles 

that it takes for both correct phonological target nodes to reach the absolute threshold under a 

heterogeneous and a homogenous context is shown in Figure 9 (top panel). As can be seen, the 

directionality of the effect of context mirrors the results reported by Breining et al. (2016) and our own: form 

overlap slows down the process of the phonological nodes reaching the absolute threshold.  

Figure 9 (middle panel) shows results from an additional model which attempts to simulate our Experiments 

2 and 4, in which critical trials are interleaved with form-unrelated filler trials. In this model, there are eight 

lexical nodes (four target, and four filler, units) connected to 16 phonological nodes. All filler nodes are 

connected to two unique phonological nodes. As in the first simulation, in heterogeneous blocks all four 

lexical nodes have unique phonological properties associated with them; in homogeneous blocks, all four 

nodes share a single phonological unit, and the other is unique. Performance is measured only for the target 

trials. Predictably, the results closely replicate those from the simulation without fillers (top panel). Because 

the inhibitory effect of form overlap arises from incremental learning rather than competitive lexical 

selection, it is immune to the passing of time, and so is not affected by the naming of interleaved filler items, 

as long as these are form-unrelated. 

Additional simulations were conducted to explore whether feedback is necessary to generate the inhibitory 

effect of phonological similarity. Theoretically, via feedback from segmental to word nodes, phonologically 

similar words would be activated via the shared segment, whereas in the absence of feedback, the shared 

segment activated by the target word node would not spread activation to other form-related word nodes. 

Hence the connection from the phonologically similar word and its corresponding segments would not be 

weakened, resulting in its segmental selection in close parallel to that of unrelated words and the prediction 

that no interference effect should be found. Indeed, as predicted the results of our simulation showed that 

without feedback, the interference effect disappeared across all cycles (Figure 9, bottom panel), 

demonstrating that feedback activation flow is necessary to produce form similarity-based interference.  
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Table 6. Model parameters. 

Parameter Value 

Max 1.0 
Min 0.0 

Resting level 0 

Decay 0.001 

η 0.4 

External input 0.005 

Target selection threshold 0.6 

 

 

Figure 9. Computational simulations mirror human participants’ naming latency patterns without fillers (Top 

panel), and with interleaved fillers (Middle panel), and no feedback (Bottom panel).  
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7. General Discussion 

In four experiments which employed the blocked cyclic naming task, native Mandarin speakers named 

pictures with disyllabic names in small sets/blocks, with the critical manipulation whether pictures within a 

block shared form properties (“homogeneous”) or not (“heterogeneous”). Experiments 1 and 2 asked 

participants  to name target pictures orally; in Experiments 3 and 4 they provided a written response on a 

graphic tablet. In Experiment 1 (with spoken responses) and Experiment 3 (with written responses), we 

replicated a finding with a long-standing history in the psychology of word production: if the overlap in a 

homogeneous blocks occurs in word-initial position and hence overlap is ‘consistent’, pictures are named 

faster when compared to a heterogeneous block in which responses do not overlap. By contrast and more 

importantly, in Experiment 1 and 3 we replicated a finding only relatively recently highlighted by Breining et 

al. (2016): when overlap in homogeneous blocks is ‘inconsistent’ (the shared portion could be in either first 

or second position), the effect reverses and turns into interference. Hence, we replicated for Mandarin 

speakers and writers the results previously reported by Breining et al. for English participants. Crucially, 

Experiments 2 (spoken responses) and 4 (written responses) additionally showed interference from 

inconsistent position overlap when phonologically unrelated filler trials were interleaved with the critical 

pictures. Experiment 5 (spoken responses) demonstrated phonological similarity-based effects in the 

presence of two nonverbal filler trials interleaved with the critical naming trials. These findings suggest that 

the effect is best explained by a mechanism which allows for persistent modification of linguistic 

representations or connections between them. A computer simulation which was based on previous work by 

Oppenheim et al. (2010), but now applied to the lexicon-to-phonology mapping, showed that “competitive 

incremental learning” between lexical and phonological representations is able to account for the 

directionality of the findings.  

Overall, the findings previously reported by Breining et al. (2016, 2019) and our own point towards a unified 

principle of “competitive incremental learning” which underlies both the mapping from semantics to the 

lexical, and from the lexicon to phonology. As described in the Introduction, a group of inhibitory semantic 

effects arising in spoken word production had previously been reported which were immune to intervening 

trials between critical responses and were therefore attributed to a persistent mechanism (Damian & Als, 

2005; Howard et al., 2006). Effects of this type were subsequently modelled by Oppenheim et al. (2010) in a 

computational model which incorporated incremental learning as the underlying mechanism. The same 

principle was suggested by Breining et al. to underpin form-based interference in their experiments, which 

we replicated in the current work. Our own results, particularly those from the experiments with interleaved 

filler trials, show that competitive incremental learning provides a better account of interference effects in 

cyclic naming than short-lived co-activation of competing lexical nodes does. This inference converges with 

the one made by Breining et al. (2019) based on a word learning task in which the consequences of 

strengthening and weakening links on word production could be tested more directly.   

Oppenheim et al.’s (2010) simulations model did not require competitive lexical selection to account for the 

behavioural effects, and did so exclusively via ‘competitive learning’. Breining et al. (2016) endorsed the same 

principle to account for their form similarity effects but were keen to caution that their data did not speak 

directly to whether or not lexical selection in word production is competitive. Likewise, we believe that our 

results, particularly those from Experiments 2, 4 and 5, are best accounted for by competitive learning, but 

there is nothing in our data which would exclude the possibility that co-activated lexical nodes compete 

against one another. It is therefore advisable to step back from the specific experimental task and to take a 
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larger view at the issue of form-related as well as semantically based effects in spoken or written word 

production. 

Regarding semantic effects, as briefly alluded to in the Introduction, a voluminous literature has documented 

semantic interference effects in picture-word tasks (e.g., Damian & Bowers, 2003; Lupker, 1979). These 

effects were long held to arise from competitive selection among co-activated lexical nodes (e.g, Roelofs, 

1992) but this assumption has been challenged over the last two decades. The “response exclusion 

hypothesis” (Mahon et al., 2007) does away with competitive selection and accounts for semantic effects via 

a conflict in a “response buffer”. This controversy is far from resolved (see Spalek, Damian & Bölte, 2013, for 

an overview) but at present it is probably wise not to interpret semantic effects in picture-word tasks as 

direct evidence for competitive selection. As highlighted above, results from ‘cyclic blocked naming’ and 

‘cumulative semantic inhibition’ can in principle be accounted for without competition either (e.g., 

Navarrete, Del Prato, Peressotti, & Mahon, 2014; Navarrete, Mahon & Caramazza, 2010). On the other hand, 

a number of findings in the literature are difficult to account for without the assumption of competitive 

lexical selection. These include the finding that semantic neighbours— concepts that share many semantic 

features—inhibit picture naming performance (Mirman, 2011), as well as reports of selection demand when 

there are multiple correct responses (Britt, Ferrara & Mirman, 2016) in object naming; see also the verb 

generation tasks in Snyder, Banich and Munakata (2011) and Snyder Hutchison, Nyhus et al. (2010).  

Regarding phonological effects in language production, as reviewed in the Introduction, the bulk of the 

reported effects of form similarity tend to be facilitatory (with a few exceptions, such as the study described 

by Sevald & Dell, 1994), and so lend little support to the notion of competitive lexical selection. Phonological 

neighbourhood effects are likely to take on a prominent role in this discussion. If the speed or accuracy of a 

spoken word is influenced by whether it has few or many form-related neighbours, this is likely to reflect 

“online” co-activation of overlapping items (unless it is assumed that neighbourhood effects come about due 

to “monitoring” via the speech comprehension system; e.g., Levelt, Roelofs & Meyer, 1999). If so, the 

directionality of these effects would appear to be crucial: if N effects are inhibitory rather than facilitatory, 

this could be taken as evidence for competitive lexical selection. Unfortunately, the empirical evidence 

concerning N effects in language production is inconsistent and highly complex, no doubt attributable to the 

fact that N is confounded with various other factors which could also affect word production and it is very 

difficult to hold these other factors constant while varying N. In an article which involved several multiple 

regression analyses on picture naming data sets, Sadat, Martin, Costa and Alario (2014) argued that at least 

in efficient naming by young adults, N has an inhibitory force. Vitevich and Luce (2016) recently 

comprehensively reviewed the literature on N effects and took a more skeptical stance by concluding that 

“…it is not clear what factor (or factors) determines whether phonological neighbors facilitate the retrieval of 

or compete with a phonological word form during speech production.” (p. 86).  

In the context of the debate outlined above, it is worth reiterating that although our current findings 

underscore the notion of “incremental learning” as a universal principle of language production (in line with 

previous claims made by, e.g, Breining et al., 2016, 2019; Damian & Als, 2015; Howard et al., 2006; 

Oppenheim et al., 2010), they do not provide directly relevant evidence regarding whether competitive 

lexical selection is required in language production.  

For blocked cyclic naming tasks in which semantic (rather than form) overlap was manipulated, Belke (2008; 

Belke & Stielov, 2013) has highlighted a potential role of working memory. According to this argument, in 

cyclic naming the number of items per experimental blocks is so small (typically, only 4-6 instances) that 
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speakers will maintain them in working memory as a “task set”, which curtails accumulating semantic 

interference and renders it ‘non-cumulative’ (stable across cycles of a block). This contrasts with the 

“continuous” version of the task (e.g., Howard et al., 2006) in which no such formation of a task set is 

possible and semantic interference accumulates with each additional retrieval instance from a given 

semantic category. Could the formation of task sets and top-down biasing of lexical items also have played a 

role in our and Breining et al.’s (2016) results? According to this account, participants hold the responses for 

a given experimental block in short-term storage, and form overlap between items slows down retrieval, 

perhaps akin to a “phonological similarity” effect well-documented in serial recall (e.g., Baddeley & Ecob, 

1970; Nairne & Kelley, 1999). However, the absence of a statistical interaction in the joint analysis of 

Experiment 1 and 2, and of Experiment 3 and 4, despite the variation in the number or responses per set (4 

vs. 8) speaks against such an explanation. Also note that the experiments with filler items had eight 

responses per block, which by most accounts is beyond the expected capacity of mental storage (e.g., 

Cowan, 2001). It is acknowledged that it would be desirable to be able to directly test the impact of working 

memory in our task. A “continuous” version of the form overlap task, in which prime and target responses 

are related across various intervening lags of unrelated responses (as pioneered by Howard et al. for 

semantic overlap) would not be subject to potential task set effects as each word is only produced once. 

Unfortunately, the phonological properties of Indo-European languages make it challenging to design such a 

study because it will be difficult to avoid repetition of phonological elements across multiple items. One 

solution is to conduct a “continuous” naming task with the form-overlap manipulation in Chinese which has a 

certain number of distinct syllables.  

Throughout this article, we have interpreted the similarity effects which emerged in our experiments as 

“persistent” or “long-lasting”. This interpretation is based on the assumption that lexical activation dissipates 

relatively quickly over time, and indeed (see Introduction) there are some semantic and form-based effects 

in the literature on single word production which are eliminated or at least strongly modified via insertion of 

just a single filler trial between successive critical responses (e.g., Damian & Als, 2005; Wheeldon, 2003). 

However, we acknowledge that in the literature on “syntactic priming”, a central finding is that priming 

effects are enhanced when the lexical head is repeated (“lexical boost”). This effect is well-documented (e.g., 

Hartsuiker, Bernolet, Schoonbaert et al., 2008) and can persist lags of one and perhaps even two sentences 

(see Mahowald, James, Futrell & Gibson, 2016, for meta-analysis). These findings suggest that in sentence 

production, lexical activation may persist over much longer time delays than suggested by the literature on 

single word production (see above). Hence it would clearly be desirable to explore the durability of the form-

based similarity effects in the blocked cyclic naming task across even longer time intervals than we were able 

to in the current article. Overall, although we believe that an explanation of these effects in terms of 

“incremental learning” is the most plausible account, an alternative explanation in terms of persistent lexical 

activation cannot be fully excluded based on our results and further research is clearly needed.  

In conclusion, interference effects of word-form similarity are best explained via “competitive incremental 

learning” between lexical and word-form representations. A computer simulation confirms that this principle 

generates interference, and that the result is unaffected by filler trials. We conclude that incremental 

learning constitutes a universal principle in the mapping from semantics to phonology in language 

production. 
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Appendix A 

Materials used in Experiments 1, 2 and 5. The overlapping portion in homogeneous lists is underlined. 

 

“Position-inconsistent” condition  

 

 Heterogeneous Lists 

Homogeneous 

Lists 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

书包 

(shu1bao1)  

(schoolbag) 

鼠标  

(shu3biao1) 

(mouse) 

梳子 

(shu1zi0) 

(comb) 

袋鼠 

(dai4shu3) 

(kangaroo) 

大树 

(da4shu4) 

(tree) 

别墅 

(bie2shu4) 

(villa) 
      

香蕉  

(xiang1jiao1) 

(banana) 

项链 

(xiang4lian4)  

(necklace) 

橡皮 

(xiang4pi2)  

(eraser) 

雕像 

(diao1xiang4)  

(statue) 

冰箱 

(bing1xiang1) 

(refrigerator) 

大象 

(da4xiang4) 

(elephant) 
      

胡子  

(hu2zi0) 

(mustache) 

护士 

(hu4shi0)  

(nurse) 

蝴蝶 

(hu2die2) 

(butterfly) 

喷壶 

(pen1hu2) 

(watering can) 

老虎 

(lao3hu3) 

(tiger) 

窗户 

(chuang1hu0) 

(window) 
      

骆驼  

(luo4tuo0) 

(camel) 

萝卜 

(luo2bo0)  

(radish) 

螺丝 

(luo2si1)  

(screw) 

陀螺 

(tuo2luo2) 

(spinning-top) 

菠萝 

(bo1luo2) 

(pineapple) 

海螺 

(hai3luo2) 

(conch) 
      

警察  

(jing3cha2) 

(police) 

鲸鱼 

(jing1yu2) 

(whale) 

镜子 

(jing4zi0)  

(mirror) 

水井 

(shui3jing3) 

(well) 

圣经 

(sheng4jing1) 

(Bible) 

眼睛 

(yan3jing1) 

(eye) 
      

食指  

(shi2zhi3) 

(index finger) 

狮子 

(shi1zi0) 

(lion) 

试管 

(shi4guan3) 

(test tube) 

厨师 

(chu2shi1) 

(chef) 

电视 

(dian4shi4) 

(television) 

钥匙 

(yao4shi0) 

(key) 
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Appendix A continued 

 

“Position-consistent” condition  

 

 Heterogeneous Lists 

Homogeneous 

Lists 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

书包 

(shu1bao1)  

(schoolbag) 

鼠标  

(shu3biao1) 

(mouse) 

梳子 

(shu1zi0) 

(comb) 

竖琴 

(shu4qin2) 

(harp) 

树叶 

(shu4ye4) 

(leaf) 

书架 

(shu1jia4) 

(bookshelf) 
      

香蕉  

(xiang1jiao1) 

(banana) 

项链 

(xiang4lian4)  

(necklace) 

橡皮 

(xiang4pi2)  

(eraser) 

相机 

(xiang4ji1)  

(camera) 

箱子 

(xiang1zi0) 

(box) 

香烟 

(xiang1yan1) 

(cigarette) 
      

胡子  

(hu2zi0) 

(mustache) 

护士 

(hu4shi0)  

(nurse) 

蝴蝶 

(hu2die2) 

(butterfly) 

狐狸 

(hu2li0) 

(fox) 

湖泊 

(hu2po1) 

(lake) 

葫芦 

(hu2lu0) 

(gourd) 
      

骆驼  

(luo4tuo0) 

(camel) 

萝卜 

(luo2bo0)  

(radish) 

螺丝 

(luo2si1)  

(screw) 

罗盘 

(luo2pan2) 

(compass) 

罗汉 

(luo2han4) 

(arhat) 

落日 

(luo4ri4) 

(sunset) 
      

警察  

(jing3cha2) 

(police) 

鲸鱼 

(jing1yu2) 

(whale) 

精灵 

(jing1ling2)  

(fairy) 

静脉 

(jing4mai4) 

(vein) 

镜子 

(jing4zi0) 

(mirror) 

井盖 

(jing3gai4) 

(well cover) 
      

食指  

(shi2zhi3) 

(index finger) 

柿子 

(shi4zi0) 

(persimmon) 

试管 

(shi4guan3) 

(test tube) 

士兵 

(shi4bing1) 

(soldier) 

石头 

(shi2tou0) 

(stone) 

狮子 

(shi1zi0) 

(lion) 

 

Note: The number denotes the tone for the preceding syllable. There are four tones in Mandarin. The 

number 0 represents a neutral tone.  
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Appendix B 

Materials used in Experiments 3 and 4. The overlapping portion in homogeneous lists is underlined. 

 

“Position-inconsistent” condition  

 

 Heterogeneous Lists 

Homogeneous 

Lists 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

手枪 

(shou3qiang1)  

(gun) 

水桶  

(shui3tong3) 

(bucket) 

飞机 

(fei1ji1) 

(plane) 

杯子 

(bei1zi0) 

(cup) 

杠铃 

(gang4ling2) 

(barbell) 

树叶 

(shu4ye4) 

(leaf) 
      

别针  

(bie2zhen1) 

(pin) 

电钻 

(dian4zuan4)  

(electric drill) 

闹钟 

(nao4zhong1)  

(alarm clock) 

钥匙 

(yao4shi0)  

(key) 

钱包 

(qian2bao1) 

(wallet) 

钢琴 

(gang1qin2) 

(piano) 
      

竹排  

(zhu2pai2) 

(bamboo raft) 

手指 

(shou3zhi3)  

(finger) 

扁担 

(bian3dan4) 

(shoulder pole) 

扑克 

(pu2ke4) 

(poker) 

插头 

(cha1tou2) 

(plug) 

护士 

(hu4shi0) 

(nurse) 
      

沙发  

(sha1fa1) 

(sofa) 

汉堡 

(han4bao3)  

(hamburger) 

海马 

(hai3ma3)  

(seahorse) 

水池 

(shui3chi2) 

(pool) 

啤酒 

(pi2jiu3) 

(beer) 

气泡 

(qi4pao4) 

(bubble) 
      

烤箱  

(kao3xiang1) 

(oven) 

灶台 

(zao4tai2) 

(stove) 

烧杯 

(shao1bei1)  

(beaker) 

台灯 

(tai2deng1) 

(lamp) 

大炮 

(da4pao4) 

(cannon) 

香烟 

(xiang1yan1) 

(cigarette) 
      

纽扣  

(niu3kou4) 

(button) 

绵羊 

(mian2yang2) 

(sheep) 

绷带 

(beng1dai4) 

(bandage) 

天线 

(tian1xian4) 

(aerial) 

口红 

(kou3hong2) 

(lipstick) 

圣经 

(sheng4jing1) 

(Bible) 
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Appendix B continued 

 

 “Position-consistent” condition 

 

 Heterogeneous Lists 

Homogeneous 

Lists 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

桥梁 

(qiao2liang2)  

(bridge) 

杯子  

(bei1zi0) 

(cup) 

杠铃 

(gang4ling2) 

(barbell) 

树叶 

(shu4ye4) 

(leaf) 

相机 

(xiang4ji1) 

(camera) 

板车 

(ban3che1) 

(handcart) 
      

钻石  

(zuan4shi2) 

(diamond) 

钥匙 

(yao4shi0)  

(key) 

针管 

(zhen1guan3)  

(needle tubing) 

铃铛 

(ling2dang0)  

(bell) 

钢琴 

(gang1qin2) 

(piano) 

钱包 

(qian2bao1) 

(wallet) 
      

扑克  

(pu2ke4) 

(poker) 

插头 

(cha1tou2)  

(plug) 

扳手 

(ban1shou3) 

(wrench) 

护士 

(hu4shi0) 

(nurse) 

拐杖 

(guai3zhang4) 

(crutch) 

拇指 

(mu3zhi3) 

(thumb) 
      

沙发  

(sha1fa1) 

(sofa) 

湖泊 

(hu2po1)  

(lake) 

酒瓶 

(jiu3ping2)  

(bottle) 

汽车 

(qi4che1) 

(car) 

汉堡 

(han4bao3) 

(hamburger) 

海马 

(hai3ma3) 

(seahorse) 
      

烟斗  

(yan1dou3) 

(pipe) 

炸弹 

(zha4dan4) 

(bomb) 

灯泡 

(deng1pao4)  

(bulb) 

烤箱 

(kao3xiang1) 

(oven) 

灶台 

(zao4tai2) 

(stove) 

烧杯 

(shao1bei1) 

(beaker) 
      

线轴  

(xian4zhou2) 

(reel) 

绵羊 

(mian2yang2) 

(sheep) 

纽扣 

(niu3kou4) 

(button) 

绳子 

(sheng2zi0) 

(rope) 

纺车 

(fang3che1) 

(spinning wheel) 

绷带 

(beng1dai4) 

(bandage) 

 

Note: The number denotes the tone for the preceding syllable. There are four tones in Mandarin. The 

number 0 represents a neutral tone. 
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Appendix C-1 

 

Results of the linear mixed model for response time in Experiment 1 – by anova() 

 

  Sum Sq Mean Sq NumDF DenDF F value Pr(>F) 

positiontype 7276 7276 1 84.70  1.46  0.230  

context 4073 4073 1 88.60  0.82  0.368  

cycle 7818 3909 2 14699.30  0.79  0.456  

positiontype:context 59571 59571 1 88.60  11.98  0.001  

positiontype:cycle 29613 14806 2 14699.30  2.98  0.051  

context:cycle 4511 2255 2 14699.90  0.45  0.635  

positiontype:context:cycle 9797 4899 2 14699.90  0.99  0.373  

 

 

Summary of the linear mixed model for response time in Experiment 1 

Fixed effects Estimate SE t Pr(>|t|) 

intercept 561.3 9.41 59.63     <2e-16*** 

positiontype2 22.78 18.83 1.21 0.23 

context2 -4.17 4.61 -0.91 0.368 

cycle2 -1.19 1.41 -0.85 0.398 

cycle3 -1.73 1.41 -1.23 0.221 

positiontype2×context2 31.9 9.21 3.46    0.001*** 

positiontype2×cycle2 -6.89 2.82 -2.44  0.015* 

positiontype2×cycle3 -3.43 2.82 -1.22 0.224 

context2×cycle2 -2.68 2.82 -0.95 0.343 

context2×cycle3 -1.55 2.82 -0.55 0.584 

positiontype2×context2×cycle2 -0.72 5.64 -0.13 0.898 

positiontype2×context2×cycle3 -7.19 5.64 -1.28 0.202 

Random effects Variance SD Correlation 

subject intercept  5743.3 75.78  

context|subject slope  1228.7 35.05 -0.14 

item intercept  613.4 24.77  

context|item slope  203.6 14.27 0.08 

residual    4970.8 70.5   

 

Note. Linear mixed model fit by REML. t-tests use Satterthwaite's method ['lmerModLmerTest'] 

  



Form overlap effects in spoken and written word production 39 
 

 

Appendix C-2 

 

Results of the linear mixed model for response time in Experiment 2 – by anova() 

 

  Sum Sq Mean Sq NumDF DenDF F value Pr(>F) 

context 34954 34954 1 35.00  4.41  0.043  

cycle 12086 12086 1 4895.20  1.52  0.217  

context:cycle 26 26 1 4895.20  0.00  0.955  

 

 

Summary of the linear mixed model for response time in Experiment 2 

Fixed effects  Estimate SE t Pr(>|t|) 

intercept  648.31 14.56 44.53 <2e-16*** 

context2  19.83 9.45 2.1 0.043* 

cycle2  -3.11 2.52 -1.23 0.217 

context2×cycle2  -0.29 5.04 -0.06 0.955 

Random effects Variance SD Correlation  

subject intercept   6022 77.6  

context2|subject slope   2984 54.63 0.05 

item intercept   1550 39.38  

residual      7934 89.07   

 

Note. Linear mixed model fit by REML. t-tests use Satterthwaite's method ['lmerModLmerTest']  
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Appendix C-3 

 

Results of the linear mixed model for response time in Experiment 3 – by anova() 

 

  Sum Sq Mean Sq NumDF DenDF F value  Pr(>F) 

positiontype 105794  105794  1  74.10  10.72   0.002  

context 8051  8051  1  78.80  0.82   0.369  

cycle 2313650  1156825  2  14687.80  117.25   <0.001 

positiontype: context 138606  138606  1  78.80  14.05   <0.001  

positiontype: cycle 17615  8808  2  14687.80  0.89   0.410  

context: cycle 40469  20235  2  14687.90  2.05   0.129  

positiontype: context: cycle 9753  4876  2  14687.90  0.49   0.610  

 

 

 

Summary of the linear mixed model for response time in Experiment 3 

Fixed effects  Estimate SE t Pr(>|t|) 

intercept  684.12 13.65 50.12   <2e-16*** 

positiontype2  89.40 27.3 3.28    0.002** 

context2  -7.83 8.67 -0.90 0.37 

cycle2  -25.35 1.99 -12.75    <.001*** 

cycle3  -27.27 1.99 -13.72    <.001*** 

positiontype2×context2  64.99 17.34 3.75    <.001*** 

positiontype2×cycle2  1.32 3.98 0.33 0.741 

positiontype2×cycle3  -3.80 3.98 -0.96 0.339 

context2×cycle2  6.09 3.98 1.53 0.126 

context2×cycle3  7.61 3.98 1.91 0.056 

positiontype2×context2×cycle2  6.81 7.95 0.86 0.392 

positiontype2×context2×cycle3  6.88 7.95 0.87 0.387 

Random effects  Variance SD   Correlation 

subject intercept   12986.1 113.94  

context2|subject slope   4880.4 69.87 0.18 

item intercept   382.9 19.57  

context2|item slope   341.1 18.47 0.33 

residual     9866.3 99.33        

 

Note. Linear mixed model fit by REML. t-tests use Satterthwaite's method ['lmerModLmerTest'] 
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Appendix C-4 

 

Results of the linear mixed model for response time in Experiment 4 – by anova() 

 

  Sum Sq Mean Sq NumDF DenDF F value Pr(>F) 

context 59140 59140 1 36.80  5.27  0.028  

cycle 533854 533854 1 4805.30  47.56  <0.001 

context:cycle 730 730 1 4805.70  0.07  0.800  

 

 

 

Summary of the linear mixed model for response time in Experiment 4 

Fixed effects  Estimate SE t Pr(>|t|) 

intercept  711.31  21.92  32.45  <2e-16 

context2  29.23  12.74  2.30   0.028*  

cycle2  -20.78  3.01 -6.90     <0.001***  

context2×cycle2  1.54  6.03  0.26   0.800  

Random effects  Variance  SD              Correlation  

subject intercept   16622.7  128.32  

context2|subject slope   5347.3  73.12 0.43 

item intercept   590.1  24.29  

context2|item slope   164.50  12.83 0.57 

residual     11224.5  105.95   

 

Note. Linear mixed model fit by REML. t-tests use Satterthwaite's method ['lmerModLmerTest'] 
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Appendix C-5 

 

Results of the linear mixed model for response time in Experiment 5 – by anova() 

 

  Sum Sq Mean Sq NumDF DenDF F value Pr(>F) 

context 130447 130447 1 35.80  4.87  0.034  

cycle 210716 105358 2 5480.90  3.93  0.020  

context:cycle 9018 4509 2 5480.70  0.17  0.845  

 

Summary of the linear mixed model for response time in Experiment 5 

Fixed effects  Estimate SE t Pr(>|t|) 

intercept  700.53 22.38 31.30 <2e-16 

context2  34.12 15.46 2.21 0.034 

cycle2  -2.06 5.35 -0.39 0.699 

cycle3  -13.94 5.37 -2.60 0.009 

context2×cycle2  -4.89 10.70 -0.46 0.648 

context2×cycle3  -5.78 10.73 -0.54 0.590 

Random effects Variance SD Correlation 

subject intercept   12702 112.7  

context2|subject slope   5116 71.53 0.11 

item intercept   1529 39.1  

context2|item slope   1335 36.54 0.27 

residual     26779 163.64  

 


