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Abstract
Investigations of effects of semantic variables on picture naming have often been inconclusive, with some studies reporting significant and others non-significant effects. One potential explanation may relate to the specific naming tasks used: While most previous studies have used standard picture naming, others have used speeded naming that requires participants to prioritise naming speed over accuracy. Speeded naming has been suggested to cause enhanced effects of item-inherent word characteristics due to disruptions of cognitive control and resulting modulations of responsiveness to input. Consequently, this study investigated whether effects are stronger in speeded compared to standard picture naming, focusing on six feature-based semantic variables: number of semantic features, intercorrelational density, number of near semantic neighbours, semantic similarity, typicality, and distinctiveness. The results showed few differences in the variables’ effects between the two naming tasks: In the naming latency analysis, the inhibitory effect of distinctiveness was stronger in the speeded naming task, while in the accuracy analysis the effect of number of semantic features was stronger in the standard naming task. These findings cannot, therefore, be exclusively accounted for by increased responsiveness to input in speeded naming and we discuss possible underlying mechanisms. We conclude that, while some differences in effects of semantic variables between previous studies may have been caused by the specific naming task used, differences between studies more likely depend on statistical power and control of other influential variables in the experiment.



Introduction
To say a word, we must engage with different types of representations (semantic, lexical, and phonological) and go through a number of processing stages (e.g., Dell et al., 1997; Levelt et al., 1999). Processing at the different levels of word production is influenced by various psycholinguistic variables, like variables relating to the lexical representation of words (e.g., word frequency), the phonological representation (e.g., word length), or the semantic representation of words. Semantic variables capture aspects of the structure and complexity of the semantic representation of words. In spoken word production, these aspects can influence the activation environment of semantic and lexical processing. This enables researchers to use semantic variables to study the processes of word production, leading to recent increased interest in their effects (e.g., Bormann, 2011; Fieder et al., 2019; Hameau et al., 2019; Lampe, Hameau, & Nickels, 2021; Mirman, 2011; Rabovsky et al., 2016; Taylor et al., 2012). Such research can elucidate the flow of activation during word planning, illuminate opposing facilitatory and inhibitory effects of these variables, investigate the co-activation of and potential competition between semantically related neighbours at the lexical level and potentially resulting competition, and provide valuable information about influential variables that should be accounted for by future word production research. 
Importantly, research examining effects of the same semantic variable in simple picture naming has not always resulted in converging evidence, even within neurotypical participants. For example, increased semantic similarity, the average featural overlap between a target word and other words in the mental lexicon, has been reported to have both an inhibitory (Fieder et al., 2019) and no significant (Lampe, Hameau, & Nickels, 2021) effect. This same pattern has been found for number of near semantic neighbours, which are words that share semantic information with the target. Fieder et al. (2019) and Mirman (2011) reported inhibitory effects of number of near semantic neighbours, while other research (Bormann, 2011; Hameau et al., 2019; Lampe et al., 2017; Lampe, Hameau, & Nickels, 2021) found no significant effects of this variable. One systematic difference between the studies that yielded contrasting results is the specific experimental paradigm used. While all studies used simple picture naming tasks (i.e., picture naming of items in the absence of manipulation of the surrounding context or distractors, unlike the Blocked Cyclic Naming or Picture-Word Interference paradigms), those that yielded significant findings (Fieder et al., 2019; Mirman, 2011) used a speeded picture naming task, in which word planning is interfered with by enforcing a strict temporal cut-off to response initiation. 
Speeded picture naming requires participants to name pictures at an increased rate that is faster than they would normally respond. For example, there may be a deadline of 600ms post picture onset, limiting the time for processing given that non-speeded, standard picture naming latencies are often around 900ms on average (e.g., Lampe, Hameau, & Nickels, 2021). This leads to a decrease in naming latencies, which is often accompanied by an increase in naming errors compared to standard picture naming (i.e., speed-accuracy trade-off; e.g., Damian & Dumay, 2007, in picture naming using noun phrases (adj+noun); Kello & Plaut, 2000, in word reading). Naming errors observed in speeded naming are mostly semantically and visually related to the target word and resemble the naming errors made by participants with aphasia (e.g., Hodgson & Lambon Ralph, 2008; Mirman, 2011; Moses et al., 2004).
However, there is debate regarding how exactly the process of word planning is altered when participants are asked to name pictures quickly and disagreement about which processes or level(s) of word production might be affected. Vitkovitch and Humphreys (1991) found that picture naming errors in speeded participants were mostly semantically related to the target word and more frequently made on low compared to high frequency words, which they interpreted as an indicator of lexical processing being limited by the external time pressure (see Starreveld & La Heij, 1999, for similar findings and reasoning in a speeded Picture-Word Interference task, but note that effects of word frequency also arise in participants in standard naming, e.g., Alario et al., 2004; Lampe, Hameau, & Nickels, 2021; see Perret & Bonin, 2019, for a metaanalysis and review). Similarly, Moses et al. (2004) reported predominantly semantically related perseverative and non-perseverative errors in picture naming, which were interpreted as reflecting speed-evoked processing difficulties at the lexical semantic level. Lloyd-Jones and Nettlemill (2007) and Vitkovitch et al. (1993) also interpreted the different types of errors made in speeded picture naming (i.e., visual, semantic, and visual-semantic) as reflecting the processes being disrupted by the naming speed: visual and/or semantic processing. 
In contrast, Kello and colleagues associated the behaviour observed in speeded naming with changes to cognitive control. They used two different versions of speeded naming: speeded deadline (Kello et al., 2000) and tempo naming (Kello, 2004; Kello & Plaut, 2000, 2003) in reading aloud and Stroop colour naming. Both manipulations have also been used in picture naming: In speeded deadline naming participants are instructed to name the pictures before a certain response deadline (e.g., 500ms after picture onset; e.g., Damian & Dumay, 2007; Lloyd-Jones & Nettlemill, 2007; Moses et al., 2004; Vitkovitch et al., 1993; Vitkovitch & Humphreys, 1991). In contrast, in tempo naming, participants are asked to respond at a certain point in time after the onset of the picture on screen (e.g., Fieder et al., 2019; Mirman, 2011; Mirman, Kittredge, et al., 2010). Participants hear a series of three beeps, each, for example, 500ms apart, the appearance of the picture coincides with a fourth beep, and participants are instructed to keep the rhythm of the beeps by naming the picture in time with beep number five. Importantly, Kello and colleagues suggest that strategic control allowed for the compression of the processing trajectory for naming in both tasks. More specifically, they proposed that changes in cognitive control dynamics evoked by the task can modify the processing parameter input gain (e.g., Gotts & Plaut, 2002; Kello, 2004; Kello et al., 2000, 2005; Kello & Plaut, 2000, 2003). Input gain changes the systems’ sensitivity to new inputs and thus affects the processing units’ responsiveness to their input: When input gain is low, activation of a processing unit is relatively unaffected by any inputs, however, when input gain is high, inputs have much stronger effect on activation. A rise in input gain consequently accelerates processing as the processing unit’s activation reaches threshold much faster due to its amplified sensitivity to input. However, at high gain, processing is also less controlled, which results in decreased model precision and provokes processing errors (i.e., speed-accuracy trade-off). Therefore, this input gain proposal entails an alteration of the processing dynamics, such that the task requirements can be met. Alternatively, some authors have proposed a change in selection thresholds in speeded versus standard naming (e.g., Humphreys et al., 1995; Kello, 2004): In order to meet the task requirements, participants lower the threshold of activation required for information selection, which allows them to respond faster, however, at the expense of increased error rates due to incomplete processing (see also Coltheart et al., 2001). 
	Hodgson and Lambon Ralph (2008) directly compared the speeded deadline and tempo versions of speeded naming and proposed that both reduce the time for controlled semantic processing. Although both tasks resulted in many naming errors, there were significantly more errors in the tempo naming task (20% versus 18% in speeded deadline task). Hodgson and Lambon Ralph suggested that the dual-task requirement of the tempo naming task (i.e., naming pictures quickly while keeping the required tempo) resulted in a diversion of attention and executive resources from speech production and ultimately insufficient executive resources to be assigned to semantic cognition for successful picture naming.
[bookmark: _Hlk58419699]Also Mirman (2011) suggested a modulation of cognitive control as an explanation for his findings of significant effects of semantic neighbours on accuracy and the proportion of semantic errors in speeded naming. However, while he also used a tempo naming task (500ms tempo), he did not attribute his findings to dual-task requirements (cf. Hodgson & Lambon Ralph, 2008), but argued more generally for disrupted cognitive control of semantic processing resulting from the forced increase of processing speed in this task. In addition to effects of near semantic neighbours, Mirman also studied effects of distant semantic neighbours (i.e., words sharing only little semantic information with the target word, 0.25 < features vector cosine similarity > 0). While many near semantic neighbours had inhibitory effects on naming accuracy and led to an increase of semantic errors, many distant semantic neighbours facilitated processing and resulted in more accurate responses with marginally significantly fewer semantic errors. Please note thatImportantly, as we have argued elsewhere (Hameau et al., 2019; Lampe, Hameau, Fieder, et al., 2021), this effect of number of distant semantic neighbours is far from established in the literature. While Mirman reported effects in participants with and without aphasia, other work (Fieder et al., 2019; Hameau et al., 2019; Lampe, Hameau, Fieder, et al., 2021), partly using the same database of picture naming data of participants with aphasia as Mirman (i.e., MAPP Database, Mirman, Strauss, et al., 2010), failed to replicate the significant effects of number of distant semantic neighbours. However, a replication of this finding would be particularly important as Mirman’s item sets were subject to a number of shortcomings (i.e., small item sets that were insufficiently matched for some psycholinguistic variables with a non-unambiguous allocation of items into the sets of high vs low numbers of near/distant semantic neighbours). Given this lack of reliability of any effect of number of distant semantic neighbours on processing and additional negative consequences in terms of increased multicollinearity in the statistical models when including this measure (Lampe, Hameau, Fieder, et al., 2021), we did not include it as a semantic variable of interest in the analyses conducted here.	Comment by Leonie Lampe: These (this and the next big chunk of highlighted text) are footnotes that I moved into the main text 
Mirman (2011) explained his findings in the context of an attractor model of semantic cognition, in which attractors represent stable states of the model, corresponding to the target’s pattern of activation across all semantic features. He argued that while near semantic neighbours interfere with the system successfully settling into the target attractor, many distant semantic neighbours pull towards the target and thus facilitate settling. Mirman argued that any effects of these semantic variables on the attractor landscape are magnified in speeded naming (and in participants with aphasia) due to disruptions of cognitive control mechanisms. He stated that disruption of control related to competition between co-activated lexical alternatives, could not explain the facilitatory effects of number of distant semantic neighbours and that disrupted competitive lexical selection in speeded naming (or aphasia) was consequently unable to explain the opposite effects of near and distant semantic neighbours. Importantly, we (e.g., Lampe, Hameau, & Nickels, 2021) would argue that facilitatory and inhibitory effects of semantic variables in standard and speeded processing could indeed be explained by spreading activation dynamics at the semantic level in the context of competitive lexical selection in word production (see also e.g., Abdel Rahman & Melinger, 2019; Rabovsky et al., 2016). This interpretation may be more plausible compared to the cognitive control mechanism based interpretation provided by Mirman (2011), which is outlined below, as facilitatory and inhibitory effects of semantic variables have also been observed in standard picture naming in neurotypical participants (e.g., Lampe, Hameau, Fieder, et al., 2021; Rabovsky et al., 2016), thus in a context where responses were given at a normal pace, rendering involvement of a control mechanism to increase the naming rate unnecessary.
Instead, Mirman (2011) claimed that, under time pressure, the cognitive control mechanism increases the rate of processing such that participants can respond faster, which, however, comes at the cost of precision, leading to increased naming errors. More specifically, following the proposal of Kello and colleagues outlined above (e.g., Kello, 2004; Kello et al., 2000, 2005; Kello & Plaut, 2000, 2003), Mirman suggested that this change of cognitive control dynamics influenced input gain. He specified that the input gain parameter affects the processing units’ sensitivity to their input, be it excitatory or inhibitory in nature. Consequently, Mirman proposed that facilitatory and inhibitory effects of distant and near semantic neighbours would be amplified following modulations of the processing units’ responsiveness to input, such as in speeded naming. 
However, this has never been tested empirically with a direct comparison of effects of semantic variables on performance in standard and speeded picture naming. Indeed, to date, only a limited number of studies (Fieder et al., 2019; Lloyd-Jones & Nettlemill, 2007; Mirman, 2011; Mirman, Kittredge, et al., 2010; Vitkovitch et al., 1993; Vitkovitch & Humphreys, 1991) have investigated effects of any item-inherent variables on performance in either variant of the speeded naming task, and even fewer have compared effects of these variables between speeded and standard naming. In fact, very few studies have directly compared performance in the two tasks at all. In picture naming, as far as we are aware, only Lloyd-Jones and Nettlemill (2007) have looked at effects of psycholinguistic variables (i.e., complexity, decomposability, contour overlap, imageability, age of acquisition, frequency, animacy) in speeded deadline and standard naming. Importantly however, they examined effects on different dependent variables in the two tasks (i.e., naming latencies in standard naming and naming accuracy and error types in speeded deadline naming) and effect sizes were not directly compared between the tasks. To our knowledge, the only direct comparisons of effects of psycholinguistic variables in standard and speeded processing have been conducted in reading aloud: Gerhand and Barry (1999) found stronger effects of age of acquisition on latency in a speeded deadline compared to a standard word reading task, while the effect of word frequency was similar in the two tasks. In contrast, Kello and Plaut (2000) reported attenuated effects of word frequency and spelling-sound consistency on naming latency in tempo compared to standard reading. However, it is debateable how valid a latency measure is in the tempo task, given that in this task, in contrast to the speeded deadline task, participants aim to produce all responses at the same latency. 
Given the paucity of evidence, we aimed to assess Mirman's (2011) proposal that influences of (semantic) variables are stronger in speeded compared to standard picture naming. To facilitate comparability of our findings to previous work, we included the same six feature-based semantic variables that we have previously investigated (Lampe, Bürki, et al., 2021; Lampe, Hameau, & Nickels, 2021; Lampe, Hameau, Fieder, et al., 2021). These capture aspects of the degree of activation spread at the semantic level (e.g., number of semantic features, Lampe, Hameau, & Nickels, 2021; Rabovsky et al., 2016; Taylor et al., 2012) or the size and strength of activation of a co-activated lexical cohort (e.g., number of near semantic neighbours, Fieder et al., 2019; Hameau et al., 2019; Lampe, Hameau, & Nickels, 2021; Mirman, 2011). More specifically, these six variables are 1) number of semantic features: a count of semantic features associated with a concept (e.g., produces milk, eats grass, moos, is domestic, is a mammal, etc. for the concept ‘cow’), 2) intercorrelational density: the degree of intercorrelation of the features of a concept, which characterises clusters of closely related concepts (e.g., the features is round and is juicy or has peel and tastes sweet tend to occur together across many concepts, resulting in a high intercorrelational density value for the concept ‘orange’), 3) number of near semantic neighbours: the number of words that share a substantial part of their semantic information with the target (e.g., ‘cat’ and ‘dog’ are near semantic neighbours because they share many semantic features, such as has four legs, is a mammal, has fur, is a pet, has a tail), 4) semantic similarity: the average featural similarity of the target with all other words in the mental lexicon (e.g., the concept ‘goose’ is semantically similar to many concepts in the lexicon as it shares on average many features with these other concepts), 5) typicality: a concept’s representativeness of its semantic category (e.g., the concept ‘lettuce’ is a typical representative of the semantic category vegetables), and 6) distinctiveness: the average number of concepts the features of a concept are shared with (e.g., the concept ‘otter’ has low distinctiveness as all its features are also shared by many other concepts). 
This paper does not aim to provide a comprehensive review of the effects of these variables in previous research as such a review can be found in Lampe, Hameau, and Nickels (2021). However, we briefly summarise the previous findings concerning the effects of the six semantic variables on (standard or speeded) picture naming in neurotypical participants. 
· Increased values of number of semantic features were found to lead to faster and/or more accurate responses in standard picture naming (Lampe, Hameau, & Nickels, 2021; Rabovsky et al., 2016, 2021; Taylor et al., 2012). 
· Higher intercorrelational density was reported to inhibit standard picture naming performance (i.e., slower and/or more inaccurate responses; Lampe, Hameau, & Nickels, 2021; Rabovsky et al., 2016, 2021) or to have no influence (Taylor et al., 2012). 
· A higher number of near semantic neighbours was reported by some authors to inhibit speeded picture naming (Fieder et al., 2019; Mirman, 2011), while others found no significant effects of this variable on standard picture naming (Bormann, 2011; Hameau et al., 2019; Lampe et al., 2017; Lampe, Hameau, & Nickels, 2021). 
· Higher semantic similarity was previously found to inhibit speeded naming accuracy (Fieder et al., 2019) or to have no effect on standard picture naming performance (Lampe, Hameau, & Nickels, 2021). 
· Higher typicality was mostly reported to facilitate standard and speeded naming (Dell’Acqua et al., 2000; Fieder et al., 2019; Grossman et al., 1998; Holmes & Ellis, 2006; Jolicoeur et al., 1984). However, there were also reports of non-significant (Lampe, Hameau, & Nickels, 2021; Morrison et al., 1992; Woollams, 2012) and inhibitory effects on standard naming (Rogers et al., 2015). 
· Higher distinctiveness was sometimes reported to be facilitatory on standard naming (Humphreys et al., 1988; Rabovsky et al., 2016; Taylor et al., 2012), but was non-significant (Miozzo et al., 2015) or inhibitory (Lampe, Hameau, & Nickels, 2021) in other investigations. 
In the studies that have outlined the mechanisms underlying these effects, facilitatory effects have often been explained by semantic variables causing enhanced activation spread at the semantic level, while inhibitory effects are generally explained in the context of competition at the lexical level (but note Mirman’s (2011) explanation in the context of an attractor account as outlined earlier). 
Our aim was to test Mirman’s (2011) suggestion that facilitatory and inhibitory effects of semantic variables would be amplified in the speeded naming task due to modulations of the processing units’ responsiveness to input. To that end, we directly compared, for the first time, effects of semantic variables on performance in standard and speeded picture naming. Following Mirman, under the input gain account, processing units would be more sensitive to their inputs in the speeded naming task, while processing in the absence of time pressure, such as in the standard naming task, would not require any modification of the input gain parameter. Thus, under this account, we would expect effects of semantic variables to increase in speeded naming compared to standard naming. While Mirman reported effects of semantic variables on measures of naming accuracy and the proportion of semantic errors, he did not find effects on naming latency. However, in our previous investigation into effects of semantic variables on neurotypical participants (Lampe, Hameau, & Nickels, 2021), we showed that also naming latency is sensitive to effects of semantic variables. As previous work has reported a speed-accuracy trade-off in speeded processing (e.g., Damian & Dumay, 2007), under the input gain account, we expect the effect of semantic variables in speeded naming to be stronger compared to standard naming in both naming accuracy and latency. 
Thus, this paper aims to make a methodological contribution to the field of picture naming by providing a controlled comparison of effects of psycholinguistic variables across different testing conditions. Moreover, it provides a theoretical contribution by testing the prediction of the input gain account and by further analysing effects of semantic variables in the context of current word production theories.
Importantly, as noted above, while the tempo naming task provides useful data on accuracy, we believe that naming latency data from this task is not appropriate for uncovering processes during word production (cf. Fieder et al., 2019 and Mirman, 2011) as the participants are presented with explicit and precise cues for when to initiate their response. In contrast, in the speeded deadline naming task, participants are required to respond before a specific deadline, thus giving them more flexibility in their actual response speed. Consequently, we used a speeded deadline naming task following the procedure suggested by Damian and Dumay (2007), in which the pictures in the speeded deadline task remained on the screen for the same duration (i.e., 2000ms) as in the standard naming task, but participants were informed on their performance in terms of naming speed with feedback that was presented after the picture offset (see also Kello et al., 2000, for a similar approach). 
Methods
Participants
Eighty-three English native speakers were recruited from Macquarie University’s Psychology participant pool. They provided written informed consent to participate in this study and received course credit or monetary compensation (AUD15 per hour) for their participation. Participants had to be right-handed, 17–35 years old, and had to have normal or corrected vision. Moreover, they had to be without a history of speech and language, neurological, or cognitive impairments. 
All 83 participants first named the pictures in a standard naming task (analysed and reported in Lampe, Hameau, & Nickels, 2021; Lampe, Hameau, Bürki, et al., 2021). Subsequently, all participants named the pictures again: 42 of these participants this time named the pictures in a speeded naming task, while the other 41 participants completed another round of standard naming. Three of the tested participants had to be excluded because they did not fulfil the inclusion criteria, did not follow the task instructions, or were outliers in terms of naming accuracy (more detail provided below). Consequently, the data analysed was from 39 participants (M = 20.04 years old, range = 17–26 years, SD = 1.98, 35 females, 4 males) on the speeded naming task and data from 41 participants (M = 20.18 years old, range = 17–33 years, SD = 2.66, 29 females, 12 males) on the (second) standard naming task. 
Stimuli
Colour photographs of 297 items from the McRae et al. (2005) feature database that had high name agreement in Australian English (> 75%; Lampe, Hameau, & Nickels, 2021) were used as stimuli. They were divided into four blocks (Block 1 n = 35 items, Blocks 2 and 3 n = 87, Block 4 n = 88 items) and for each block we created three pseudorandomised orders with a minimum of two items from different semantic categories being presented between two items of the same category. The blocks were then arranged in different orders to create 6 experimental lists (e.g., Block 2 was presented in one pseudorandom order at the second position in List 1 but in a different pseudorandom order at the third position in List 5; in each of the lists, Block 1 always appeared first). 
For all 297 items, information on six semantic and further psycholinguistic control variables (Perret & Bonin, 2019) was available. The semantic variables were derived from, or calculated based on, information given in the McRae et al. (2005) feature database. Number of semantic features was a count of semantic features generated for a target word (e.g., Rabovsky et al., 2016). Intercorrelational density indicated the summed shared variance of a concept’s correlated feature pairs (e.g., Rabovsky et al., 2016). Number of near semantic neighbours was a count of the concepts in the McRae et al. database that had a cosine feature vector similarity of at least .4 with the target (e.g., Hameau et al., 2019; Mirman, 2011; Mirman & Graziano, 2013). Semantic similarity was the average similarity between the feature vectors of the target and all other words in the database (Mirman & Magnuson, 2008). Typicality was based on Rosch and Mervis' (1975) family resemblance score and was calculated by summing, for each concept, the values that reflect, for each of the concept’s features, the prevalence of that feature in the target’s semantic category as well as its production frequency and the number of items in the target’s category. Finally, distinctiveness was the average of the inverse number of concepts in which the features of a target occurred across the database (note that this was calculated not across concepts within a semantic category, but across the entire database; e.g., Rabovsky et al., 2016). Lampe, Hameau, and Nickels (2021) and Lampe, Hameau, Fieder, et al. (2021) provide more detailed descriptions of the calculation of the semantic variables. 
The psycholinguistic control variables were derived from different sources: name agreement, image agreement, imageability, age of acquisition, and familiarity were rated (Lampe, Hameau, & Nickels, 2021), (spoken word) frequency was based on television subtitles (SUBTLEX-UK; van Heuven et al., 2014), and two further control variables were retrieved from the experimental lists: ordinal category position indicated the number of previously seen items of the same semantic category (to account for the cumulative semantic interference effect; Howard et al., 2006; 35 semantic categories were included that contained on average 8.5 items), and trial order indexed the rank-order of an item in the experiment (to control for habituation to the experiment or fatigue; Baayen & Milin, 2017). Pearson’s correlations between the semantic and the control variables are summarised in Appendix A.  
Procedure
This study was part of a larger investigation for which all participants completed three picture naming tasks. The same 297 stimuli were presented in all three tasks, but participants saw a different experimental list in each naming task. The first task was standard picture naming, which was analysed in Lampe, Hameau, and Nickels (2021) and Lampe, Hameau, Bürki, et al. (2021) and will not be considered here. Participants were not informed on the accuracy of their responses in the first standard naming task. We hoped that this approach where the participants named the stimuli in the first standard naming task would decrease any difficulties related to stimulus identification that could otherwise disproportionally affect performance on the speeded picture naming task due to the reduced processing time available (some of the previous speeded naming studies also provided a ‘practice’ naming round and/or familiarised their participants with the pictures and target names before the experiment; e.g., Damian & Dumay, 2007). 
Subsequently, all participants performed the speeded deadline and (second) standard naming tasks analysed here. The order of administration of these tasks was counterbalanced across participants with one half of the participants completing the speeded naming task and then (the second) standard naming and the other half completing the (second) standard naming task and then speeded naming. We had originally intended to assess the effect of naming task in within-participants analyses, including data of all participants for both the speeded and (second) standard naming task (i.e., naming rounds 2 and 3). However, effects of order of task administration interacted with various control and semantic variables and we therefore only used half of the available data and analysed only the data of the second naming round from all participants, irrespective of the order of task administration they had completed. This , which was speeded naming for one half of the participants (task administration order: standard naming, speeded naming, standard naming) and standard naming for the other half (task administration order: standard naming, standard naming, speeded naming). In sum, the data analysed here is from either standard or speeded picture naming after a single first round of standard picture naming. See Appendix B for a demonstration that there was little influence of the first standard naming task (naming round 1) on the effects of semantic variables in the second standard naming task (naming round 2). 
Picture presentation and trial-sequence in all three tasks were controlled by Presentation® (Version 20.0, Neurobehavioral Systems, Inc., Berkeley, CA, www.neurobs.com), which also recorded verbal responses and naming latencies using a voice trigger with the help of a Behringer preamplifier (Tube Ultragain Mic100) and a Rode NTG1 shotgun microphone. All tasks were presented on an AOC FreeSync LED monitor with a Dell Precision tower 3620 running Windows 10. The keyboard was used to navigate through the tasks.
In addition to naming latency and accuracy, a continuous electroencephalography (EEG) signal was recorded in all three naming tasks using a 64 channels ActiveTwo BioSemi system (BioSemi, Amsterdam, The Netherlands). These data are not reported here. The study procedures, but not the analyses conducted here, were preregistered on the Open Science Framework (Lampe et al., 2019; https://osf.io/yw6ma/). The data and all analysis scripts of this study are available under https://osf.io/5r8fp/. 
Standard naming task 
Trial sequence in the standard naming task was as follows (see Figure 1, Panel A): A fixation cross was presented for a random duration between 500 and 1000ms in the middle of the screen. Then, a picture was displayed for 2000ms on white background. The participants were instructed to name the picture as quickly and accurately as possible, using a single word only, and that they would receive feedback regarding whether they had named the pictures fast enough. After the picture offset, feedback was presented for 400ms: If the participant had responded within 1500ms after onset of the picture on the screen, this feedback was positive, irrespective of response accuracy (i.e., “Good!” in green ink), else the feedback was negative (“Too slow!” in red ink). Then, the screen was blank for 1000ms before the next trial started. The feedback was presented to keep the trial sequence of the standard and speeded naming tasks as comparable as possible (see also Speeded naming task section below) and the 1500ms deadline was chosen expecting that participants would usually not have difficulties adhering to it, given that mean naming latency in the first standard picture naming round was 900ms, and therefore would not put the participants under pressure.  
[bookmark: _Ref57447901]
[bookmark: _Ref57447890]Figure 1
Trial sequence in standard (Panel A) and speeded naming task (practice trials in Panel B, experimental trials in Panel C)
[image: ]
Note. RT = Response time 

The task began with 4 practice trials in which participants named pictures that were not part of the 297 experimental stimuli and came from different semantic categories to the experimental stimuli. There was a break after the practice phase and after each experimental block for the participants to ask questions and to rest. The first item after each break was another practice item. Altogether, this task lasted about 30 minutes. 
Speeded deadline naming task
In the speeded naming task, the trial sequence differed between the practice (Figure 1, Panel B) and experimental trials (Figure 1, Panel C). The task began with 5 practice trials to familiarise participants with the naming speed expected in this task. In the practice trials, a fixation cross was presented for a random duration between 500 and 1000ms in the middle of the screen. Subsequently, a picture was displayed for 600ms on a white background in the centre the screen. Then, participants heard a beep and the picture disappeared from the screen. They were instructed to name the picture as quickly as possible, ideally while it was still on the screen, and to “beat the beep”, prioritising naming speed over accuracy (i.e., speeded deadline naming, see also e.g., Moses et al., 2004; Vitkovitch & Humphreys, 1991). It was also explained to the participants, that any sounds, not only verbal responses, would be recorded and evaluated as to whether they had “beaten the beep”. The participants were thus encouraged to minimise any sounds other than verbal responses (e.g., coughs, lip smacks) whenever possible. After the picture offset, feedback was presented for 400ms: If the participant had started to respond within 600ms after picture onset, this feedback was positive (i.e., “Good!” in green ink), else the feedback was negative (“Too slow!” in red ink). Subsequently, the screen was blank for 1000ms before the next trial started. 
In contrast to the practice trials, in the experimental trials of the speeded naming task, the pictures were displayed for 2000ms and no beep was played (see Damian & Dumay, 2007, for a similar procedure). However, the participants were instructed to name the pictures like in the practice trials and as if there was a beep. Feedback after picture offset informed the participants on whether they had managed to initiate their response within the aspired 600ms (Figure 1, Panel C).
A break separated the experimental blocks. After each break, the participants were presented with 5 different practice items following the trial sequence of the practice items to remind them of the necessary naming speed. Each experimental block started with a sixth practice item that was presented according to the experimental trial sequence. All 24 practice items were not part of the experimental stimuli and came from different semantic categories. This task also lasted about 30 minutes.
Data analysis
After the experiment, responses from both tasks were transcribed and checked for naming accuracy. The first response that consisted of at least one English syllable was coded for accuracy. Correct responses consisted of (only) the correctly named target word and these responses were analysed in the naming latency analysis. For the naming accuracy analysis, responses were also coded as correct if they were correct responses that were preceded by a determiner (e.g., a box), a hesitation (e.g., umm, box), or an elaboration (e.g., cardboard box for box), or contained a dysfluency on the initial phoneme of the target (e.g., b..box). Abbreviations, synonyms or acceptable alternative responses, and trials where a response from the previous trial intruded into the current trial (but where the target item was subsequently named correctly) were not analysed (NA). All other response types (dysfluencies with production of a non-target phoneme (e.g., st raspberry), incomplete (i.e., responses that were not legal English syllables: a single consonant or short vowel, or CV responses of consonants followed by a short vowel), incorrect responses, and omissions) were coded as naming errors. 
The recorded naming latency was manually adjusted through visual and auditory inspection of the waveform and the voice recording using Praat (Version 6.0.49; Boersma & Weenink, 2019) to derive maximally accurate naming latencies. All statistical analyses were conducted in R Studio (Version 1.3.959; RStudio Team, 2020). We ran (Generalised) Linear Mixed Effect Models on the naming latency and the naming accuracy data using the lme4-package (Version 1.1.25; Bates, Mächler, et al., 2015), with p-values being derived using lmerTest (Version 3.1.3; Kuznetsova et al., 2017). For the random effects structure we considered random by-participant slopes for the six semantic variables and followed Bates, Kliegl, et al. (2015) for the specification of a simplified random effects structure. Model fit was compared using likelihood ratio tests (stats package, Version 4.0.2; R Core Team, 2020). Interactions were plotted using the package sjPlot (Version 2.8.6, Lüdecke, 2020).
All semantic and psycholinguistic control variables were standardised using a z-transformation. Based on the output of the boxcox function (EnvStats package, Version 2.4.0; Millard, 2013), naming latency was transformed to approximate a normal distribution (negative reciprocal transformation, which preserves order among values of the same sign, note that with this transformation our findings represent effects on response speed rather than response time). 
Naming accuracy outliers for the two tasks separately were identified based on visual inspection of boxplots. In the standard naming task, data of one participant who performed considerably less accurately than the other participants (68% mean naming accuracy versus mean accuracy of 91% in the remaining participants, range = 78–99%, SD = 5%) was excluded. No participant had to be removed from the speeded naming data (M = 76% naming accuracy, range = 59–91%, SD = 7%). Moreover, 18 items (i.e., crane (machine), basement, crowbar, jeep, canoe, swan, mug, goose, plug (electric), raft, spear, pony, ashtray, shed, board (wood), goldfish, peach, and rocket) were outliers in terms of naming accuracy in the standard naming task with an average accuracy of 60% (range = 49–68%, SD = 6%), in contrast to an average naming accuracy of 93% for the remaining items (range = 70–100%, SD = 8%). However, the data points associated with these items were part of the tail of the distribution and their removal comes at the cost of statistical power. We consequently tested if their exclusion changed the findings compared to analyses conducted on all items. As the findings were mostly comparable, with no changes in the interactions between semantic variables and task in either of the analyses, we focus on the analyses performed on all 297 items. However, the findings of the analyses conducted after removing these items are reported in Appendix C. 
For the naming accuracy analysis, to be confident that any naming errors were not caused by a misidentification of or unfamiliarity with the depicted object, we tested whether the findings differed when including only trials that were named correctly by the participant in the first (standard) naming round that was reported in Lampe, Hameau, and Nickels (2021) (i.e., items where familiarity with and successful identification of the depicted object under normal processing conditions can be guaranteed). However, given the low number of errors in the standard naming task when focusing on trials that were named accurately in the first naming round (n = 254 naming errors from 10,461 data points), we were only able to test for such differences in the speeded naming task (n = 1,451 naming errors from 9,480 data points for items that were named correctly in the first standard naming task). No differences in the effects of semantic variables were found between Linear Mixed Effect Models on naming latency in speeded picture naming including or excluding trials depending on their naming accuracy in the first standard naming round. Consequently, we performed the analysis of naming accuracy on all trials, irrespective of their accuracy in the first naming round.
The naming latency analysis was conducted on correctly named items, irrespective of their actual naming latency (i.e., we did not exclude trials with naming latencies > 600ms in the speeded naming task or trials with naming latencies > 1500ms in the standard naming task), resulting in 19,519 data points from 297 items and 80 participants, which consisted of 10,864 data points from standard naming and 8,655 data points from speeded naming. The naming accuracy analysis was conducted on all items, except for those coded ‘NA’ for naming accuracy, resulting in 23,608 data points from 297 items and 80 participants (n = 3,820 naming errors), consisting of 12,100 data points from the standard naming task (n = 1,097 naming errors) and 11,508 data points from the speeded naming task (n = 2,723 naming errors). Following Mirman (2011), we also conducted an analysis that contrasted the proportion of semantic errors and correct responses. The findings were comparable to the naming accuracy analysis and can be found in Appendix D.
To test whether effects of the six semantic and eight psycholinguistic control variables were larger in the speeded than in the standard naming task, we combined the data from the two tasks and tested for significant interactions between task and these variables. Subsequently, the significant interactions were unpacked in planned comparisons using the emtrends function of the R package emmeans (Version 1.5.2-1, Lenth, 2020) to investigate the significance of the effect in the two tasks separately and to determine whether the effects were indeed stronger in the speeded naming task. Task was effect coded (speeded as 0.5 and standard as -0.5). 
Results
	There were main effects of task in the naming latency and accuracy analyses (Table 1 and Table 2, respectively), indicating that the speeded deadline naming procedure yielded the desired effect and caused a speed-accuracy trade-off with faster but less accurate naming compared to the standard naming task. More specifically, participant mean naming latency in the speeded naming task was 609ms (range = 506–718ms, SD = 56ms) and 760ms in the standard naming task (range = 650–916ms, SD = 68ms), and naming accuracy in the speeded naming task was 76% (range = 59–91%, SD = 7%) and 91% in the standard naming task (range = 78–99%, SD = 5%). We will now address the findings of the naming latency and accuracy analyses. 
Naming latency 
The findings of the naming latency analysis are summarised in Table 1. In the naming latency analysis, significant inhibitory effects (positive estimates) indicate that naming was slower the higher the value of a particular variable, while facilitatory effects (negative estimates) indicate that participants named the pictures faster the higher the value of a variable. The only semantic variable that significantly interacted with naming task was distinctiveness. Analysis of this interaction confirmed that the effect was significant and inhibitory in both naming tasks with a stronger effect in speeded naming (Figure 2, Panel A). Moreover, all control variables, except for ordinal category position, significantly interacted with task. The effects were stronger in the speeded naming task than in the standard naming task for name agreement (facilitatory in both tasks, Figure 2, Panel B), age of acquisition (inhibitory only in speeded naming, Figure 2, Panel C), image agreement (facilitatory in both tasks, Figure 2, Panel E), frequency (facilitatory only in speeded naming, Figure 2, Panel F), familiarity (facilitatory in both tasks, Figure 2, Panel G), and trial order (facilitatory only in speeded naming, Figure 2, Panel H). In contrast, the effect of imageability was stronger in the standard naming task (Figure 2, Panel D), however, this facilitatory effect was non-significant in both tasks in the follow-up analysis. This could suggest that the significant interaction was a Type 1 error, a false positive finding, and that there was, in reality, no difference between the two simple effects. Alternatively, this could be indicative of a Type 2 error, a false negative finding, incorrectly stating the absence of simple effects in one or both tasks. Given that we statistically controlled for Type 1 errors reasonably well (i.e., our significance level of .05 allowed for a 5% probability of incorrectly rejecting the null hypothesis that there is no difference in the effect of imageability between the two tasks), the most likely scenario is that we made a Type 2 error due to insufficient statistical power. However, our data are unable to differentiate between these options and further research is needed to do so.
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[bookmark: _Ref55913601]In addition, some of the main effects of semantic and control variables were significant: Combined across tasks, responses were slower the higher the number of near semantic neighbours, the greater the distinctiveness, and the higher the age of acquisition of the target. Moreover, responses were faster the higher the name agreement, image agreement, and familiarity of the target, and the later in the experiment a trial occurred.
[bookmark: _Ref57112720]Table 1
Naming latency: summarised output of Linear Mixed Model analysis for task comparison and simple effects 
	Model structure 
	lmer(RT ~ (NameAgr + AoA + Imageability + ImageAgr + Frequency + Familiarity + Order + OrdCatPos + NoFeats + IntercorrDens +  NearSemNeigh + SemSim + Typicality + Distinctiveness) * Task + (1 | Item) + (NearSemNeigh + SemSim || Participant), data, REML = TRUE)
	
	
	
	
	
	
	
	

	Random effect
	Variance
	SD
	
	
	
	
	
	
	
	
	
	
	
	

	Item (Intercept)
	0.01
	0.12
	
	
	
	
	
	
	
	
	
	
	
	

	Participant (Intercept)
	0.02
	0.13
	
	
	
	
	
	
	
	
	
	
	
	

	Participant | NrSemNeigh 
	0.00
	0.02
	
	
	
	
	
	
	
	
	
	
	
	

	Participant | SemSim 
	0.00
	0.01
	
	
	
	
	
	
	
	
	
	
	
	

	Residuals
	0.06
	0.24
	
	
	
	
	
	
	
	
	
	
	
	

	Fixed effects
	Estimate
	SE
	CI
	t-
value
	p-value
	VIF
	
	
	
	
	
	
	
	

	(Intercept)
	-1.54
	0.02
	-1.58 – -1.51
	-95.53
	<.001
	
	
	
	
	
	
	
	
	

	NameAgr
	-0.05
	0.01
	-0.06 – -0.03
	-6.59
	<.001
	1.11
	
	
	
	
	
	
	
	

	AoA
	0.02
	0.01
	0.00 – 0.04
	2.01
	.045
	2.45
	
	
	
	
	
	
	
	

	Imageability
	-0.01
	0.01
	-0.03 – 0.01
	-1.14
	.254
	1.88
	
	
	
	
	
	
	
	

	ImageAgr
	-0.03
	0.01
	-0.05 – -0.02
	-4.34
	<.001
	1.25
	
	
	
	
	
	
	
	

	Frequency
	-0.01
	0.01
	-0.03 – 0.01
	-1.18
	.239
	1.61
	
	
	
	
	
	
	
	

	Familiarity
	-0.03
	0.01
	-0.05 – -0.02
	-3.60
	<.001
	1.74
	
	
	
	
	
	
	
	

	Order
	-0.01
	0.00
	-0.02 – -0.00
	-2.15
	.032
	3.07
	
	
	
	
	
	
	
	

	OrdCatPos
	0.00
	0.00
	-0.01 – 0.01
	0.63
	.531
	3.14
	
	
	
	
	
	
	
	

	NoFeats
	-0.00
	0.01
	-0.02 – 0.01
	-0.41
	.681
	1.57
	
	
	
	
	
	
	
	

	IntercorrDens
	0.02
	0.01
	-0.00 – 0.04
	1.64
	.101
	2.23
	
	
	
	
	
	
	
	

	NearSemNeigh
	0.02
	0.01
	0.00 – 0.05
	2.26
	.024
	2.37
	
	
	
	
	
	
	
	

	SemSim
	0.01
	0.01
	-0.01 – 0.03
	0.84
	.404
	2.40
	
	
	
	
	
	
	
	

	Typicality
	-0.00
	0.01
	-0.02 – 0.01
	-0.37
	.711
	1.44
	Simple effects of variables in significant interactions

	Distinctiveness
	0.03
	0.01
	0.01 – 0.05
	3.11
	.002
	2.01
	Speeded naming
	Standard naming

	Task
	-0.32
	0.03
	-0.38 – -0.26
	-10.95
	<.001
	1.00
	Estimate
	SE
	z-value
	p-value
	Estimate
	SE
	z-value
	p-value

	NameAgr * Task
	-0.01
	0.00
	-0.02 – -0.01
	-3.46
	.001
	1.11
	-0.05
	0.01
	-7.18
	<.001
	-0.04
	0.01
	-5.56
	<.001

	AoA * Task
	0.01
	0.01
	0.00 – 0.02
	2.24
	.025
	2.38
	0.03
	0.01
	2.47
	.013
	0.02
	0.01
	1.41
	.157

	Imageability * Task
	0.01
	0.00
	0.00 – 0.02
	2.63
	.009
	1.85
	-0.00
	0.01
	-0.46
	.649
	-0.02
	0.01
	-1.77
	.077

	ImageAgr * Task
	-0.01
	0.00
	-0.02 – -0.00
	-2.14
	.032
	1.20
	-0.04
	0.01
	-4.69
	<.001
	-0.03
	0.01
	-3.71
	<.001

	Frequency * Task
	-0.03
	0.00
	-0.04 – -0.02
	-7.29
	<.001
	1.55
	-0.03
	0.01
	-2.90
	.004
	0.01
	0.01
	0.65
	.515

	Familiarity * Task
	-0.01
	0.00
	-0.02 – -0.01
	-3.08
	.002
	1.63
	-0.04
	0.01
	-4.21
	<.001
	-0.03
	0.01
	-2.76
	.006

	Order * Task
	-0.03
	0.01
	-0.04 – -0.02
	-5.74
	<.001
	2.24
	-0.02
	0.00
	-4.85
	<.001
	0.01
	0.00
	1.63
	.103

	OrdCatPos * Task
	-0.01
	0.01
	-0.02 – 0.00
	-1.17
	.241
	2.68
	
	
	
	
	
	
	
	

	NoFeats * Task
	-0.01
	0.00
	-0.01 – 0.00
	-1.37
	.172
	1.64
	
	
	
	
	
	
	
	

	IntercorrDens * Task
	-0.00
	0.01
	-0.01 – 0.01
	-0.20
	.845
	2.04
	
	
	
	
	
	
	
	

	NearSemNeigh * Task
	0.01
	0.01
	-0.01 – 0.02
	1.09
	.274
	1.59
	
	
	
	
	
	
	
	

	SemSim * Task
	0.01
	0.01
	-0.00 – 0.02
	1.45
	.148
	1.70
	
	
	
	
	
	
	
	

	Typicality * Task
	-0.00
	0.00
	-0.01 – 0.01
	-0.38
	.701
	1.48
	
	
	
	
	
	
	
	

	Distinctiveness * Task
	0.02
	0.01
	0.01 – 0.03
	3.92
	<.001
	1.67
	0.04
	0.01
	3.95
	<.001
	0.02
	0.01
	2.08
	.037

	Observations: 19,519
	
	
	
	
	
	
	
	

	Marginal R2 / Conditional R2: 0.287 / 0.531
	
	
	
	
	
	
	
	

	Note. Participant | X = random slope of X by participants, VIF = Variance Inflation Factor, NameAgr = Name agreement, AoA = Age of acquisition, ImageAgr = Image agreement, Order = Trial order, OrdCatPos = Ordinal category position, NoFeats = Number of semantic features, IntercorrDens = Intercorrelational Density, NearSemNeigh = Number of near semantic neighbours, SemSim = Semantic similarity;
values for significant effects (p < .05) are printed in bold; in the simple effects, the variable with the stronger effect within significant interactions is highlighted in grey. 




[bookmark: _Ref55983122]Figure 2
Significant interactions between semantic or control variables and task in the naming latency analysis  
[image: ]
Note. Naming latency was negative reciprocally transformed; all variables were standardised. 

Naming accuracy  
In the naming accuracy analyses, significant inhibitory effects (negative estimates) indicate that naming was less accurate (i.e., more error prone) the higher the value of a particular variable, while facilitatory effects (positive estimates) indicate that participants named the pictures more accurately the higher the value of a variable. The only semantic variable that significantly interacted with naming task in the accuracy analysis was number of semantic features (see Table 2). The planned follow-up analysis revealed that the facilitatory effect was stronger in the standard naming task (Figure 3, Panel A) and non-significant in speeded naming. Moreover, some control variables significantly interacted with task: The effects were stronger in the standard naming task for name agreement (facilitatory in both tasks, Figure 3, Panel B) and image agreement (facilitatory in both tasks, Figure 3, Panel C). In contrast, effects were stronger in the speeded naming task for familiarity (facilitatory only in speeded naming, Figure 3, Panel D) and trial order (inhibitory only in speeded naming, Figure 3, Panel E).
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When the data were combined across both tasks, responses were less accurate for words with higher intercorrelational density and words that are acquired later in life. In contrast, responses were more accurate for words with higher name agreement, imageability, image agreement, and frequency.
[bookmark: _Ref55921794]Table 2
Naming accuracy: summarised output of Generalised Linear Mixed Model analysis for task comparison and simple effects
	Model structure 
	glmer(ACC ~ (NameAgr + AoA + Imageability + ImageAgr + Frequency + Familiarity + Order + CatPos + NoFeats + IntercorrDens + NearSemNeigh + SemSim + Typicality + Distinctiveness)*Task + (1 | Item) + (NearSemNeigh | Participant), data, family = binomial())
	
	
	
	
	
	
	
	

	Random effect
	Variance
	SD
	Correlation
	
	
	
	
	
	
	
	
	
	
	

	Item (Intercept)
	0.89
	0.94
	
	
	
	
	
	
	
	
	
	
	
	

	Participant (Intercept)
	0.34
	0.58
	
	
	
	
	
	
	
	
	
	
	
	

	Participant | NearSemNeigh 
	0.02
	0.14
	0.76
	
	
	
	
	
	
	
	
	
	
	

	Fixed effects
	Estimate
	SE
	CI
	z-
value
	p-value
	VIF
	
	
	
	
	
	
	
	

	(Intercept)
	2.39
	0.09
	2.21 – 2.56
	26.21
	<.001
	
	
	
	
	
	
	
	
	

	NameAgr
	0.59
	0.06
	0.46 – 0.71
	9.41
	<.001
	1.11
	
	
	
	
	
	
	
	

	AoA
	-0.21
	0.10
	-0.40 – -0.03
	-2.24
	.025
	2.55
	
	
	
	
	
	
	
	

	Imageability
	0.20
	0.08
	0.04 – 0.37
	2.46
	.014
	1.93
	
	
	
	
	
	
	
	

	ImageAgr
	0.26
	0.07
	0.12 – 0.39
	3.75
	<.001
	1.29
	
	
	
	
	
	
	
	

	Frequency
	0.17
	0.08
	0.02 – 0.32
	2.22
	.026
	1.63
	
	
	
	
	
	
	
	

	Familiarity
	0.13
	0.08
	-0.03 – 0.29
	1.64
	.101
	1.80
	
	
	
	
	
	
	
	

	Order
	-0.07
	0.04
	-0.16 – 0.01
	-1.70
	.089
	3.18
	
	
	
	
	
	
	
	

	OrdCatPos
	-0.01
	0.05
	-0.11 – 0.09
	-0.25
	.803
	3.38
	
	
	
	
	
	
	
	

	NoFeats
	0.11
	0.08
	-0.04 – 0.26
	1.47
	.141
	1.61
	
	
	
	
	
	
	
	

	IntercorrDens
	-0.20
	0.09
	-0.37 – -0.02
	-2.17
	.030
	2.27
	
	
	
	
	
	
	
	

	NearSemNeigh
	-0.11
	0.10
	-0.29 – 0.08
	-1.09
	.274
	2.47
	
	
	
	
	
	
	
	

	SemSim
	-0.07
	0.10
	-0.26 – 0.12
	-0.77
	.443
	2.52
	
	
	
	
	
	
	
	

	Typicality
	0.05
	0.08
	-0.10 – 0.20
	0.69
	.491
	1.52
	Simple effects of variables in significant interactions

	Distinctiveness
	-0.08
	0.09
	-0.25 – 0.09
	-0.92
	.357
	2.07
	Speeded naming
	Standard naming

	Task
	-1.56
	0.14
	-1.84 – -1.29
	-11.07
	<.001
	1.26
	Estimate
	SE
	z-value
	p-value
	Estimate
	SE
	z-value
	p-value

	NameAgr * Task
	-0.23
	0.04
	-0.31 – -0.14
	-5.44
	<.001
	1.10
	0.47
	0.06
	7.45
	<.001
	0.70
	0.07
	10.31
	<.001

	AoA * Task
	0.12
	0.07
	-0.02 – 0.25
	1.69
	.092
	2.72
	
	
	
	
	
	
	
	

	Imageability * Task
	-0.01
	0.06
	-0.12 – 0.10
	-0.21
	.830
	1.98
	
	
	
	
	
	
	
	

	ImageAgr * Task
	-0.17
	0.05
	-0.27 – -0.08
	-3.67
	<.001
	1.34
	0.17
	0.07
	2.44
	.015
	0.34
	0.07
	4.58
	<.001

	Frequency * Task
	0.10
	0.05
	-0.01 – 0.20
	1.77
	.078
	1.60
	
	
	
	
	
	
	
	

	Familiarity * Task
	0.23
	0.06
	0.11 – 0.35
	3.78
	<.001
	1.90
	0.25
	0.08
	3.02
	.003
	0.02
	0.09
	0.21
	.835

	Order * Task
	-0.19
	0.06
	-0.32 – -0.07
	-3.01
	.003
	2.36
	-0.17
	0.05
	-3.59
	<.001
	0.02
	0.06
	0.38
	.705

	OrdCatPos * Task
	0.02
	0.07
	-0.12 – 0.16
	0.22
	.825
	2.93
	
	
	
	
	
	
	
	

	NoFeats * Task
	-0.17
	0.06
	-0.28 – -0.06
	-2.97
	.003
	1.72
	0.03
	0.08
	0.36
	.718
	0.20
	0.09
	2.31
	.021

	IntercorrDens * Task
	0.10
	0.06
	-0.03 – 0.22
	1.53
	.127
	2.28
	
	
	
	
	
	
	
	

	NearSemNeigh * Task
	0.02
	0.07
	-0.13 – 0.16
	0.25
	.805
	2.60
	
	
	
	
	
	
	
	

	SemSim * Task
	-0.02
	0.07
	-0.16 – 0.13
	-0.22
	.825
	2.59
	
	
	
	
	
	
	
	

	Typicality * Task
	0.01
	0.06
	-0.11 – 0.12
	0.12
	.904
	1.78
	
	
	
	
	
	
	
	

	Distinctiveness * Task
	0.06
	0.06
	0.07 – 0.18
	0.89
	.374
	2.12
	
	
	
	
	
	
	
	

	Observations: 23,608
	
	
	
	
	
	
	
	

	Marginal R2 / Conditional R2: 0.261 / 0.465
	
	
	
	
	
	
	
	

	Note. Participant | X = random slope of X by participants, VIF = Variance Inflation Factor, NameAgr = Name agreement, AoA = Age of acquisition, ImageAgr = Image agreement, Order = Trial order, OrdCatPos = Ordinal category position, NoFeats = Number of semantic features, IntercorrDens = Intercorrelational Density, NearSemNeigh = Number of near semantic neighbours, SemSim = Semantic similarity;
values for significant effects (p < .05) are printed in bold; in the simple effects, the variable with the stronger effect within significant interactions is highlighted in grey.




[bookmark: _Ref55984701]Figure 3
Significant interactions between semantic or control variables and task in the naming accuracy analysis  
[image: ]
Note. All variables were standardised. 

[bookmark: _Hlk74210579]Discussion
[bookmark: _Ref56175293][bookmark: _Ref56765328]This research aimed to test the hypothesis that effects of semantic variables are stronger in a speeded deadline naming task compared to a standard picture naming task. This followed a suggestion by Mirman (2011) that greater responsiveness to input, due to higher input gain in the speeded naming task, may cause stronger inhibitory and facilitatory influences of item-inherent variables. We focused on six feature-based semantic variables (i.e., number of semantic features, intercorrelational density, number of near semantic neighbours, semantic similarity, typicality, and distinctiveness) and compared their effects in two groups of participants naming pictures either in non-speeded standard picture naming or in a speeded naming task where they had to prioritise naming speed over accuracy and aim to initiate their response within 600ms of picture presentation. Consistent with the aim of this research, in this Discussion, we focus on the interactions between naming tasks and the effects of the semantic variables. Yet, given the small number of significant interactions between semantic variables and task, it is relevant to also consider the interactions between the psycholinguistic control variables and task.

Table 3
Summary of the results of all naming latency and accuracy analyses
	 
	Naming latency
	
	Naming accuracy

	 
	
	Simple effects
	
	
	Simple effects

	Variable
	Interaction
	Speeded
	Standard
	
	Interaction
	Speeded
	Standard

	Name agreement
	✓
	↗
	↗
	
	✓
	↗
	↗

	Age of acquisition
	✓
	↙
	Ø
	
	Ø
	
	

	Imageability
	✓
	Ø
	Ø
	
	Ø
	
	

	Image agreement
	✓
	↗
	↗
	
	✓
	↗
	↗

	Frequency
	✓
	↗
	Ø
	
	Ø
	
	

	Familiarity
	✓
	↗
	↗
	
	✓
	↗
	Ø

	Trial order
	✓
	↗
	Ø
	
	✓
	↙
	Ø

	Ordinal category position
	Ø
	
	
	
	Ø
	
	

	# sem. features
	Ø
	
	
	
	✓
	Ø
	↗

	Intercorrelational density
	Ø
	
	
	
	Ø
	
	

	# near sem. neighbours 
	Ø
	
	
	
	Ø
	
	

	Semantic similarity
	Ø
	
	
	
	Ø
	
	

	Typicality
	Ø
	
	
	
	Ø
	
	

	Distinctiveness
	✓
	↙
	↙
	
	Ø
	
	

	Note. # = number of, ✓ = significant interaction of variable and task, the simple effect of the task with the stronger effects is highlighted in grey, Ø = non-significant interaction or simple effect, ↙ = significantly poorer performance (slower responses and decreased accuracy with higher values of the measure), ↗ = significantly improved performance (faster responses with increased accuracy and higher accuracy with higher values of the variable).



As is clear from Table 3, few interactions between semantic variables and task were significant. In the naming latency analysis, the only significant interaction was with distinctiveness: While the effect of distinctiveness was significant and inhibitory in both tasks, it was stronger in the speeded naming task. In the naming accuracy analysis, the only significant interaction between task and a semantic variable was with number of semantic features. The facilitatory effect of number of semantic features was significant in standard picture naming, with a non-significant effect in speeded naming. 
Importantly, in the naming latency analysis, in contrast to accuracy, when we found differences between speeded and standard naming, effects of item-inherent variables (semantic and control variables, see discussion of control variables further below) were stronger overall in the speeded naming task, thus largely confirming the input gain account’s hypothesis. However, while the difference between the tasks were as predicted for latency, can Mirman’s (2011) input gain account explain the stronger effect of distinctiveness in the speeded naming task? 
We also reported an inhibitory effect of distinctiveness on naming latency in Lampe, Hameau, and Nickels (2021), where we investigated semantic variables using the data from the first standard naming task collected before the two tasks analysed in this study. This finding was in contrast to previous work that had used the same distinctiveness variable based on McRae et al.’s (2005) database and had reported a facilitatory effect of distinctiveness on picture naming (Rabovsky et al., 2016; Taylor et al., 2012), which was argued to be due to preferential processing of distinctive features at the semantic level (see also Humphreys et al., 1988, for a similar finding using a different operationalisation that asked control participants to rate the experimental stimuli in terms of their features in common with other exemplars of its semantic category). 
By definition, words with higher distinctiveness have more unique semantic features and thus share their features with fewer other concepts. This causes fewer semantically related lexical representations to be co-activated during processing of such words and therefore suggests that the negative effect of distinctiveness cannot be due to enhanced lexical competition from many co-activated lexical representations (Lampe, Hameau, & Nickels, 2021). However, we (Lampe, Hameau, & Nickels, 2021) discussed the possibility of the inhibitory effect of distinctiveness arising due to a small number of closely related competitors (e.g., ‘kangaroo’) being co-activated during lexical selection (e.g., of the target ‘wallaby’): These co-activated representations may share many of the relatively unique features of the target concept, thus acting as strong competitors for lexical selection, and consequently resulting in the observed inhibitory effect. Hence, it is possible that, while Mirman (2011) proposed the input gain mechanism for semantic processing in word production, the account may (also) be applied to lexical processing[footnoteRef:1]. Under the input gain account, the target’s lexical representation could be more sensitive to this competition from these semantically related and co-activated representations due to enhanced responsiveness to input following disruptions of cognitive control in the speeded picture naming task. Importantly, in our analyses this effect is not confounded with the number of near semantic neighbours and semantic similarity as these two measures are controlled in our statistical models. However, further research into the effect of distinctiveness is needed to understand the mechanisms underlying its effects before the sensibility of our hypothesis for stronger effects in speeded naming can be assessed.  [1:  We believe that even Mirman’s (2011) findings of facilitatory and inhibitory effects of distant and near semantic neighbours, respectively, could be explained by enhanced sensitivity to input at the lexical level rather than, as Mirman argues, at the semantic level. Specifically, the semantic representation of a target with many distant semantic neighbours may receive converging activation following activation spread between the target and its many distant semantic neighbours. This may cause its lexical representation to be strongly activated, while, importantly, none of the distant semantic neighbours is semantically close enough to compete with the target for selection at the lexical level. In contrast, while the lexical representation of a target with many near semantic neighbours may also be facilitated following spreading activation at the semantic level, it is also subject to enhanced lexical competition from its co-activated near semantic neighbours. Consequently, if the lexical processing units are more sensitive to their inputs in speeded naming, both facilitatory and inhibitory effects may be localised at the lexical level, even though they originate at the semantic level.  ] 

Similarly, the inhibitory effect of distinctiveness could also be explained in the context of an attractor model of semantic cognition (e.g., Cree et al., 1999; Rogers et al., 2004): While a more distinctive concept would generally be further from other concepts, there may be some concepts that share the target’s unique features and these concepts’ attractors could therefore interfere when the model is settling into the target attractor (similar to the argument for near semantic neighbours provided by Mirman, 2011; but note that we also controlled for number of semantic neighbours and semantic similarity). 
Number of semantic features was the only semantic variable that interacted with task in the naming accuracy analysis, with a stronger effect in the standard naming task and no evidence for a significant effect in speeded naming. The facilitatory effect of more semantic features in standard naming is in line with previous research on naming speed and accuracy (Lampe, Hameau, & Nickels, 2021; Rabovsky et al., 2016, 2021; Taylor et al., 2012). It has been attributed to the increased activation of the target’s lexical representation following enhanced semantic activation, due to the many active semantic features (see Rabovsky & McRae, 2014, for a simulation). Alternatively, in attractor models, it has been proposed that they can settle faster and more accurately for words with many semantic features because they are represented by stronger attractor basins, which facilitate the system’s ability to settle into a stable pattern of activation (Plaut & Shallice, 1993; see also Pexman et al., 2007). 
Under the input gain account, it would be expected that the facilitation of a target’s lexical selection would be stronger or settlement into its attractor faster in speeded naming. However, we found the reverse, and, in fact, there was no evidence that processing in the speeded naming task was affected at all by the number of semantic features in this (accuracy) analysis. In sum, it certainly was not the case that semantic and/or lexical processing exhibited increased sensitivity to the activation of many semantic features in the speeded naming task. An alternative possibility is that, in speeded naming, selection thresholds for processing to continue are lowered in order that the system can generate a response quickly (threshold account, e.g., Kello, 2004), which may result in incomplete processing. Thus, due to the time pressure, processing in speeded naming would not benefit from the activation of many semantic features associated with concepts with a higher number of semantic features (resulting in no significant effects). In contrast, in standard naming, where there is ample time to process all the available information, all semantic features are activated, facilitating performance (see also Kello & Plaut, 2000, for an argument that effects of variables would be predicted to be reduced in speeded reading). 
In addition to semantic variables, there were also differences in effects of some control variables between naming tasks. In the naming latency analysis, effects of all the control variables that interacted with task (i.e., name agreement, age of acquisition, image agreement, frequency, familiarity, and trial order) were stronger in the speeded naming task, except for imageability (although there was no evidence for a significant effect of imageability in either task separately). In contrast, in the naming accuracy analysis, effects of name agreement and image agreement were stronger in the standard naming task and familiarity and trial order were stronger predictors in the speeded naming task. Interestingly, the effect of trial order was significant only in the speeded naming task in both analyses. It showed that participants got faster, but less accurate throughout the speeded naming experiment, which most likely indicates that participants needed time to get used to the task requirements.
The variables with stronger effects on naming latency in speeded naming are associated with many different stages of word production (e.g., image agreement with visual processing, name agreement with link between semantic to lexical processing, frequency with lexical processing, and age of acquisition with phonological processing, e.g., Alario et al., 2004), with the exception of the semantic level. This suggests that the requirement to name pictures quickly may modulate processing dynamics at several stages of word production. In speeded naming, processing units at all these levels may become more sensitive to their inputs, leading to stronger effects. However, given that the mechanisms causing effects of many of the control variables are not fully understood, further research is needed to understand how exactly the stronger effects of these variables could be a product of enhanced sensitivity to input at any stage of the model (e.g., How exactly does age of acquisition affect processing to result in an inhibitory effect and can enhanced sensitivity to input explain the stronger effect in speeded naming?). 
However, it is also possible that the enhanced effects of the control variables in speeded naming are caused by a mechanism other than changes in input gain. For the enhanced effect of number of semantic features on standard naming, we suggested (above) that a lowered selection threshold in speeded naming may result in incomplete processing of the available information, causing the observed reduction of the effect. But could the threshold account also explain findings in the opposite direction: stronger effects of the control variables in speeded naming? With a lowered selection threshold (e.g., Coltheart et al., 2001; Humphreys et al., 1995; Kello, 2004; or selection after fewer time steps, e.g., Dell, 1986; Dell et al., 1997), participants would be able to generate a response faster, but at increased error rates, which is the case in speeded naming. However, this mechanism would cause faster processing of all experimental items regardless of their item characteristics (e.g., word frequency). Whether or not the size of effects of these item-inherent variables would remain comparable or change in speeded naming would depend on the precise mechanism by which these variables are implemented. For example, if frequency is implemented as a difference in resting levels of activation (e.g., Morton, 1969, 1970) or the equivalent (e.g., Coltheart et al., 2001) the effects would remain comparable across tasks. However, if the effects are multiplicative, for example, through a frequency weighting on connections, the fewer processing cycles that there are before a response, the smaller the effect of the variable. A reduction in the size of the effects would also be the case if effects were driven by feedback, like number of semantic features, as described above. It is hard, however, to conceptualise a mechanism that would result in larger effects of a variable within a threshold account. Nevertheless, this is the result we observed: a bigger difference in naming latency between, for example, words of lower and higher frequency in speeded than in standard naming. Hence, the threshold account is an unlikely candidate to explain these findings. To better understand the mechanism underlying effects of semantic and other psycholinguistic variables and their modulations in the speeded naming task, further investigations in combination with computational simulations of the findings (following e.g., Humphreys et al.,1995; Kello & Plaut, 2003) are necessary. 
Critically, taken together, the data presented here does not provide evidence for systematically stronger effects of semantic variables in speeded compared to standard picture naming and while there were more control variables that differed in the strength of their effects between standard and speeded naming, the picture is not clear for these control variables either. In addition, even when there was a stronger effect in speeded naming, e.g., for distinctiveness or age of acquisition, incomplete understanding of exactly how these variables affect processing impedes assessment of whether enhanced responsiveness to inputs following disruptions of cognitive control in speeded naming is a plausible explanation for the observed difference in effects. Hence, differences in the specific naming task used are unlikely to be the exclusive source of contrasting effects of semantic variables in the literature, even for number of near semantic neighbours and semantic similarity for which previous significant effects were only found using a speeded naming task. 
In contrast, differences between studies in the effects of semantic variables are more likely related to other factors. It seems that even when significant, effects of the semantic variables on processing are relatively small. They also show some variability between participants as demonstrated by the significant by-participant random slopes for number of near semantic neighbours and semantic similarity in our analyses (see also Hameau et al., 2019; Lampe, Hameau, & Nickels, 2021, for discussion of between participants variability in the effects of semantic variables). It is particularly important to account for such variability when studying relatively small effects. This also highlights the importance of strongly powered investigations and adequate control of effects of other psycholinguistic variables in the statistical analyses. A lack of appropriate previous research prevented us from conducting an a-priori power analysis and a-posteriori power analyses have been argued to not contribute to the estimation of the Type 2 error rate of a study (e.g., Dienes, 2014). Consequently, we were unable to precisely determine statistical power of the present study. However, in contrast to previous investigations, our study contained a dramatically increased number of data points (roughly 10,000 data points for each task entered the analyses), which will likely have led to increased statistical power compared to previous investigations into effects of semantic variables that contained fewer data points (e.g., Mirman (2011) analysed 1,995 data points and Fieder et al. (2019) investigated 4,320 data points).  Moreover, we controlled for all those variables suggested by Perret and Bonin (2019), but many previous studies did not (see Appendix F in Lampe, Hameau, Fieder, et al., 2021), which may have caused false positive effects of semantic variables. Most importantly though, the observed failures to replicate effects of semantic variables indicate that further work is necessary to fully establish the robustness of the effects (Bishop, 2018).
In sum, the results reported here tested the hypothesis that effects of item-inherent semantic variables are amplified in speeded deadline naming compared to simple picture naming due to increased sensitivity to inputs (i.e., higher input gain) following speed-induced disruptions of cognitive control (Mirman, 2011). Few effects of semantic variables differed between the two tasks, and while the effect of distinctiveness (and other psycholinguistic control variables) was stronger in speeded than in standard naming when analysing naming latencies, the effect of number of semantic features was stronger in the standard naming task in the naming accuracy analysis. Therefore, the speeded naming task is unlikely to be the sole reason for significant effects being reported in some previous investigations of semantic variables and not in others that used standard picture naming. 
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Appendix A 
Pearson’s correlations between semantic and control variables
	
	Name
Agr
	AoA
	Image-
ability
	Image
Agr
	Frequen-cy
	Familia-rity
	Order
	OrdCat
Pos
	NoFeats
	IntercorrDens
	NearSemNeigh
	SemSim
	Typical-ity

	AoA
	-0.18**
	
	
	
	
	
	
	
	
	
	
	
	

	Imageability
	0.19**
	-0.65***
	
	
	
	
	
	
	
	
	
	
	

	ImageAgr
	0.11*
	0.1
	0.05
	
	
	
	
	
	
	
	
	
	

	Frequency
	0.16**
	-0.49***
	0.31***
	-0.26***
	
	
	
	
	
	
	
	
	

	Familiarity
	0.18**
	-0.48***
	0.25***
	-0.16**
	0.44***
	
	
	
	
	
	
	
	

	Order
	0.07
	-0.1
	0.02
	-0.03
	0.08
	0.02
	
	
	
	
	
	
	

	OrdCatPos
	0.04
	-0.05
	0.07
	0.14*
	0.00
	-0.20***
	0.68***
	
	
	
	
	
	

	NoFeats
	-0.01
	-0.20***
	0.24***
	0.04
	0.24***
	0.15*
	0.12*
	0.20***
	
	
	
	
	

	IntercorrDens
	-0.07
	-0.19***
	0.16**
	0.13*
	0.09
	0.05
	0.01
	0.14*
	0.40***
	
	
	
	

	NearSemNeigh
	-0.07
	0.05
	-0.05
	0.30***
	-0.22***
	-0.27***
	-0.04
	0.15**
	-0.08
	0.42***
	
	
	

	SemSim
	-0.04
	0.04
	-0.08
	0.23***
	-0.11
	-0.37***
	0.07
	0.26***
	-0.01
	0.07
	0.58***
	
	

	Typicality
	-0.05
	-0.14*
	0.12*
	0.04
	0.03
	0.12*
	-0.06
	-0.17**
	0.25***
	0.44***
	0.37***
	0.14*
	

	Distinctiveness
	0.04
	0.09
	-0.02
	-0.20***
	0.09
	0.20***
	-0.1
	-0.24***
	0.03
	-0.41***
	-0.51***
	-0.58***
	-0.25***

	Note. NameAgr = Name agreement, AoA = Age of acquisition, ImageAgr = Image agreement, Order = Trial order, OrdCatPos = Ordinal category position, NoFeats = Number of semantic features, IntercorrDens = Intercorrelational Density, NearSemNeigh = Number of near semantic neighbours, SemSim = Semantic similarity.
*** p < .001, ** p < .01, * p < .05





Appendix B
Influences of repeating the standard naming task: Comparing effects of semantic variables in standard naming round 1 and standard naming round 2 
As described in the Methods section, all study participants had completed one round of standard picture naming before doing the (second) standard naming task and the speeded naming task which were analysed here. Thus, it is possible that the data analysed in this study were influenced by the completion of the first standard naming round. 
Importantly, all participants completed a standard naming task as the first task in our broader experiment and only the order of tasks 2 and 3 was counterbalanced. Therefore, this first naming round can be treated as similar to a familiarisation phase (although no feedback on accuracy of performance was provided, data from this task is published in Lampe, Hameau, & Nickels, 2021). There is some previous work into effects of semantic variables that used a familiarisation procedure (Rabovsky et al., 2016) or presented the experimental items twice to increase the number of items for the analyses (Rabovsky et al., 2021). These authors reported some influence of these practices on effects of semantic variables: The effect of number of semantic features on naming latency was weaker for participants who had been familiarised and the effect of intercorrelational density on naming latency was only significant when items had already, previously, been named. 
It is therefore important to determine the degree of influence the first naming round had on processing in the second naming round in our experiment. To quantify the magnitude of the influence of the first standard naming round on subsequent performance, we conducted a supplementary follow-up analysis in which we compared the first and second standard naming rounds in the 41 participants for whom the second standard naming was the second task (i.e., the participants that were included in this study with their standard naming data). We ran (Generalised) Linear Mixed Effect Models (lme4; Bates, Mächler, et al., 2015) on naming latency and naming accuracy for the 291 items included in Lampe, Hameau, and Nickels (2021) (note that as reported in that paper, 6 items were excluded from the first standard naming round). The models included the same fixed effects that were considered in the analyses reported in the body of this paper with additional interactions between repetition and all semantic and control variables. Naming round was effect coded (first presentation as -0.5 and second as 0.5) and follow-up analyses for significant interaction were conducted using the emtrends function (Lenth, 2020). 
The findings of this analysis for the response latency data are presented in Table B.1 and for the naming accuracy data in Table B.2. Unsurprisingly, responses were faster and more accurate in the second compared to the first standard naming round. In the naming latency analysis, we found a significant interaction between repetition and number of semantic features with an attenuated effect of this variable in the second standard naming round compared to the first exposure to the items. This weaker effect of number of semantic features in the second naming round resembles the attenuated effect of number of semantic features on naming latency in participants that had been familiarised with the materials in Rabovsky et al. (2016). The magnitude of the effect did not differ between the two rounds of standard naming for any of the other semantic variables. In addition, the effects of some of the control variables (i.e., name agreement, image agreement, frequency, familiarity, and ordinal category position) were somewhat weaker in the second standard naming round (Table B.1). Importantly, all effects in the second standard naming round were consistent with the first naming round, although some were weaker, and we did not detect any reversal of the direction of effects in the second standard naming round. 
In the naming accuracy analysis, no semantic variable interacted with naming round, which resembles the non-significant interactions between number of semantic neighbours or intercorrelational density and familiarisation or task repetition in Rabovsky et al. (2016) and Rabovsky et al. (2021), respectively. Moreover, none of the effects of the control variables on accuracy differed between the two naming rounds (Table B.2).
These findings indicate that the effects of semantic variables were largely robust over time and naming repetitions in standard naming across naming rounds 1 and 2. This suggests that our study design where we presented the second standard and the speeded naming tasks after the participants had already completed a first standard naming task does not limit our ability to generalise our findings to a context in which no first standard naming round was administered. However, and as discussed in the body of the manuscript, we believe that the use of the first standard naming task was important to prevent a disadvantage for the speeded naming task, where stimulus identification could have otherwise been disproportionally affected due to the reduced processing time available in contrast to standard naming. 	
Given our experimental design where speeded naming was never the first task that participants completed in this study, we have no way of testing how far standard naming influenced speeded naming as a second task. This is a question future research could address. However, when we examined influences of the second naming round on the third round, we found three-way interactions between task, semantic/control variables, and task administration order. These suggest that naming round 2 influenced performance on naming round 3, which lead us to drop the third naming round for the analyses reported here. Nevertheless, this does not allow us to identify if performing speeded naming task after standard naming is any different from doing speeded naming as a first task. Moreover, with our experimental design we are unable to determine if there are differences in effects of semantic variables between two rounds of speeded picture naming as participants completed only one round of speeded naming and there were no participants with speeded naming as a baseline task. Thus, we could also not investigate whether the completion of the first “familiarisation” block may have influenced effects in subsequent speeded and standard naming differently.  
By excluding all data from the third naming round and concentrating on the second naming round we made sure that such influences, which would potentially vary between participants given the counter-balanced order of task administration, did not affect our findings. As noted, the first naming task could be understood to be equivalent to a familiarisation phase before the second standard and the speeded naming tasks. As this was administered across participants, irrespective of the order of naming rounds 2 and 3, we guaranteed that any influence of such a familiarisation with the materials, which is an experimental design feature used in many production studies, influenced all task administration orders equally. 
Table B.1 
Naming latency: summarised output of Linear Mixed Model analysis comparing first and second rounds of standard naming in 41 participants
	Model structure 
	lmer(RT ~ (NameAgr + AoA + Imageability + ImageAgr + Frequency + Familiarity + Order + OrdCatPos + NoFeats + IntercorrDens + NearSemNeigh + SemSim + Typicality + Distinctiveness) * Repetition + (1 | Item) + (NearSemNeigh + SemSim || Participant), data, REML = TRUE)
	
	
	
	
	
	
	
	

	Random effect
	Variance
	SD
	
	
	
	
	
	
	
	
	
	
	
	

	Item (Intercept)
	0.01
	0.11
	
	
	
	
	
	
	
	
	
	
	
	

	Participant (Intercept)
	0.01
	0.11
	
	
	
	
	
	
	
	
	
	
	
	

	Participant | NearSemNeigh 
	0.00
	0.02
	
	
	
	
	
	
	
	
	
	
	
	

	Participant | SemSim 
	0.00
	0.01
	
	
	
	
	
	
	
	
	
	
	
	

	Residuals
	0.05
	0.23
	
	
	
	
	
	
	
	
	
	
	
	

	Fixed effects
	Estimate
	SE
	CI
	t-
value
	p-value
	VIF
	
	
	
	
	
	
	
	

	(Intercept)
	-1.29
	0.02
	-1.32 – -1.25
	-69.76
	<.001
	
	
	
	
	
	
	
	
	

	NameAgr
	-0.05
	0.01
	-0.06 – -0.03
	-6.61
	<.001
	1.10
	
	
	
	
	
	
	
	

	AoA
	0.02
	0.01
	-0.00 – 0.04
	1.62
	.106
	2.42
	
	
	
	
	
	
	
	

	Imageability
	-0.02
	0.01
	-0.04 – -0.00
	-2.18
	.029
	1.86
	
	
	
	
	
	
	
	

	ImageAgr
	-0.04
	0.01
	-0.05 – -0.02
	-4.98
	<.001
	1.25
	
	
	
	
	
	
	
	

	Frequency
	-0.01
	0.01
	-0.02 – 0.01
	-0.78
	.433
	1.57
	
	
	
	
	
	
	
	

	Familiarity
	-0.03
	0.01
	-0.05 – -0.02
	-3.70
	<.001
	1.72
	
	
	
	
	
	
	
	

	Order
	0.00
	0.00
	-0.00 – 0.01
	0.72
	.470
	3.11
	
	
	
	
	
	
	
	

	OrdCatPos
	0.00
	0.00
	-0.01 – 0.01
	-0.53
	.597
	3.18
	
	
	
	
	
	
	
	

	NoFeats
	-0.01
	0.01
	-0.02 – 0.01
	-0.69
	.492
	1.57
	
	
	
	
	
	
	
	

	IntercorrDens
	0.02
	0.01
	0.00 – 0.04
	2.13
	.033
	2.18
	
	
	
	
	
	
	
	

	NearSemNeigh
	0.02
	0.01
	-0.00 – 0.04
	1.57
	.117
	2.27
	
	
	
	
	
	
	
	

	SemSim
	0.01
	0.01
	-0.01 – 0.03
	0.65
	.515
	2.33
	
	
	
	
	
	
	
	

	Typicality
	0.00
	0.01
	-0.02 – 0.01
	-0.52
	.601
	1.43
	Simple effects of variables in significant interactions

	Distinctiveness
	0.02
	0.01
	0.00 – 0.04
	2.28
	.023
	1.97
	First standard naming
	Second standard naming

	Repetition
	-0.19
	0.00
	-0.20 – -0.19
	-60.61
	<.001
	1.00
	Estimate
	SE
	z-value
	p-value
	Estimate
	SE
	z-value
	p-value

	NameAgr * Repetition
	0.01
	0.00
	0.00 – 0.02
	2.67
	.008
	1.10
	-0.05
	0.01
	-7.03
	<.001
	-0.04
	0.01
	-5.81
	<.001

	AoA * Repetition
	-0.01
	0.00
	-0.02 – 0.00
	-1.77
	.077
	2.39
	
	
	
	
	
	
	
	

	Imageability * Repetition
	0.00
	0.00
	-0.01 – 0.01
	0.59
	.555
	1.86
	
	
	
	
	
	
	
	

	ImageAgr * Repetition
	0.02
	0.00
	0.02 – 0.03
	6.79
	<.001
	1.26
	-0.05
	0.01
	-6.38
	<.001
	-0.03
	0.01
	-3.32
	.001

	Frequency * Repetition
	0.02
	0.00
	0.02 – 0.03
	5.78
	<.001
	1.57
	-0.02
	0.01
	-2.07
	.039
	0.01
	0.01
	0.543
	.587

	Familiarity * Repetition
	0.01
	0.00
	0.01 – 0.02
	3.23
	.001
	1.76
	-0.04
	0.01
	-4.33
	<.001
	-0.03
	0.01
	-2.87
	.004

	Order * Repetition
	0.01
	0.00
	-0.00 – 0.02
	1.36
	.175
	2.21
	
	
	
	
	
	
	
	

	OrdCatPos * Repetition
	0.01
	0.01
	0.00 – 0.02
	2.68
	.007
	2.74
	-0.01
	0.00
	-1.88
	.060
	0.01
	0.01
	1.02
	.308

	NoFeats * Repetition
	0.01
	0.00
	0.00 – 0.02
	2.57
	.010
	1.64
	-0.01
	0.01
	-1.26
	.207
	-0.00
	0.01
	-0.07
	.942

	IntercorrDens * Repetition
	-0.01
	0.00
	-0.01 – 0.00
	-1.07
	.287
	2.21
	
	
	
	
	
	
	
	

	NearSemNeigh * Repetition
	0.01
	0.00
	-0.00 – 0.02
	1.86
	.063
	2.44
	
	
	
	
	
	
	
	

	SemSim * Repetition
	-0.01
	0.01
	-0.02 – 0.00
	-1.85
	.065
	2.50
	
	
	
	
	
	
	
	

	Typicality * Repetition
	0.00
	0.00
	-0.01 – 0.01
	0.64
	.520
	1.60
	
	
	
	
	
	
	
	

	Distinctiveness * Repetition
	-0.01
	0.00
	-0.01 – 0.00
	-1.11
	.265
	2.10
	
	
	
	
	
	
	
	

	Observations: 20,932
	
	
	
	
	
	
	
	

	Marginal R2 / Conditional R2: 0.189 / 0.449
	
	
	
	
	
	
	
	

	Note. Participant | X = random slope of X by participants, VIF = Variance Inflation Factor, NameAgr = Name agreement, AoA = Age of acquisition, ImageAgr = Image agreement, Order = Trial order, OrdCatPos = Ordinal category position, NoFeats = Number of semantic features, IntercorrDens = Intercorrelational Density, NearSemNeigh = Number of near semantic neighbours, SemSim = Semantic similarity;
values for significant effects (p < .05) are printed in bold; in the simple effects, the variable with the stronger effect within significant interactions is highlighted in grey.




Table B.2
Naming accuracy: summarised output of Generalised Linear Mixed Model analysis comparing first and second rounds of standard naming in 41 participants
	Model structure 
	glmer(ACC ~ (NameAgr + AoA + Imageability + ImageAgr + Frequency + Familiarity + Order + CatPos + NoFeats + IntercorrDens + NearSemNeigh + SemSim + Typicality + Distinctiveness) * Repetition + (1 | Item) + (NearSemNeigh + Typicality + IntercorrDens | Participant), data, family = binomial()

	Random effect
	Variance
	SD
	Correlation
	
	
	

	Item (Intercept)
	1.44
	1.20
	
	
	
	

	Participant (Intercept)
	0.41
	0.64
	
	
	
	

	Participant | NearSemNeigh 
	0.03
	0.18
	0.63
	
	
	

	Participant | Typicality 
	0.04
	0.20
	-0.02
	-0.41
	
	

	Participant | IntercorrDens 
	0.03
	0.16
	-0.24
	0.09
	-0.61
	

	Fixed effects
	Estimate
	SE
	CI
	z-value
	p-value
	VIF

	(Intercept)
	3.13
	0.13
	2.88 – 3.39
	24.03
	<.001
	

	NameAgr
	0.74
	0.08
	0.58 – 0.90
	9.20
	<.001
	1.08

	AoA
	-0.18
	0.12
	-0.42 – 0.06
	-1.46
	.146
	2.47

	Imageability
	0.36
	0.11
	0.15 – 0.57
	3.32
	.001
	1.84

	ImageAgr
	0.29
	0.09
	0.12 – 0.47
	3.30
	.001
	1.28

	Frequency
	0.21
	0.10
	0.02 – 0.40
	2.14
	.033
	1.57

	Familiarity
	0.07
	0.11
	-0.14 – 0.28
	0.68
	.500
	1.76

	Order
	-0.05
	0.05
	-0.15 – 0.05
	-1.04
	.300
	3.07

	OrdCatPos
	0.06
	0.06
	-0.06 – 0.17
	0.93
	.355
	3.16

	NoFeats
	0.18
	0.10
	-0.02 – 0.37
	1.77
	.078
	1.55

	IntercorrDens
	-0.26
	0.12
	-0.50 – -0.03
	-2.23
	.026
	2.19

	NearSemNeigh
	-0.09
	0.13
	-0.34 – 0.16
	-0.71
	.479
	2.40

	SemSim
	-0.06
	0.13
	-0.30 – 0.19
	-0.45
	.654
	2.46

	Typicality
	0.03
	0.10
	-0.17 – 0.23
	0.31
	.759
	1.53

	Distinctiveness
	-0.14
	0.11
	-0.37 – 0.08
	-1.26
	.207
	2.00

	Repetition
	0.52
	0.06
	0.41 – 0.63
	9.28
	<.001
	1.40

	NameAgr * Repetition
	-0.02
	0.04
	-0.11 – 0.06
	-0.53
	.594
	1.30

	AoA * Repetition
	-0.01
	0.08
	-0.16 – 0.13
	-0.18
	.855
	2.91

	Imageability * Repetition
	-0.02
	0.06
	-0.14 – 0.10
	-0.32
	.747
	2.06

	ImageAgr * Repetition
	-0.01
	0.05
	-0.11 – 0.09
	-0.17
	.867
	1.41

	Frequency * Repetition
	-0.06
	0.06
	-0.17 – 0.05
	-1.02
	.306
	1.65

	Familiarity * Repetition
	-0.06
	0.07
	-0.19 – 0.07
	-0.97
	.330
	2.08

	Order * Repetition
	-0.02
	0.07
	-0.16 – 0.11
	-0.34
	.732
	2.19

	OrdCatPos * Repetition
	0.00
	0.08
	-0.16 – 0.15
	-0.04
	.972
	2.73

	NoFeats * Repetition
	0.03
	0.06
	-0.09 – 0.14
	0.42
	.673
	1.73

	IntercorrDens * Repetition
	-0.05
	0.07
	-0.18 – 0.09
	-0.68
	.494
	2.43

	NearSemNeigh * Repetition
	-0.04
	0.07
	-0.18 – 0.10
	-0.52
	.602
	2.94

	SemSim * Repetition
	0.00
	0.08
	-0.16 – 0.15
	-0.06
	.956
	2.91

	Typicality * Repetition
	0.05
	0.06
	-0.07 – 0.18
	0.83
	.409
	1.91

	Distinctiveness * Repetition
	0.01
	0.07
	-0.13 – 0.14
	0.08
	.939
	2.25

	Observations: 23,706

	Marginal R2 / Conditional R2: 0.216 / 0.505

	Note. Participant | X = random slope of X by participants, VIF = Variance Inflation Factor, NameAgr = Name agreement, AoA = Age of acquisition, ImageAgr = Image agreement, Order = Trial order, OrdCatPos = Ordinal category position, NoFeats = Number of semantic features, IntercorrDens = Intercorrelational Density, NearSemNeigh = Number of near semantic neighbours, SemSim = Semantic similarity;
values for significant effects (p < .05) are printed in bold.





Appendix C
Analyses after removal of items with lower average naming accuracy 
Removal of 18 items with lower average naming accuracy led to analysis of data from 279 items and 80 participants. The naming latency analysis included 18,831 data points (standard naming: 10,443 data points, speeded naming: 8,388 data points) and the naming accuracy analysis included 22,168 data points (3,104 naming errors) (standard naming: 11,362 data points with 806 naming errors, speeded naming: 10,806 data points with 2,298 naming errors).
	The findings were largely comparable to the analyses conducted on all 297 items. Importantly, the removal of items with lower naming accuracy items caused no differences in interactions between semantic variables and naming task compared to the analyses on all items, thus highlighting the appropriateness of including all items in the analyses reported in the main text of this paper. All differences compared to the analyses conducted on all items are reported below. 
Naming latency
In the latency analysis excluding items that had relatively low overall naming accuracy (n = 18), the same semantic and control variables as reported in Table 1 (for all items) interacted with task, except for age of acquisition, which was non-significant in this analysis (Table C.1). 
Moreover, the main effects of age of acquisition and trial order were no longer significant compared to the analysis on all items. The remaining significant main effects were in the same directions as in the analysis including all items.
In the follow-up analysis, the simple effect of distinctiveness was non-significant in standard naming, in contrast to the analysis including all items. All other simple effects were comparable to the analysis on all items. 
Table C.1
Naming latency: summarised output of Linear Mixed Model analysis for task comparison and simple effects after removal of items with lower naming accuracy
	Model structure 
	lmer(RT ~ (NameAgr + AoA + Imageability + ImageAgr + Frequency + Familiarity + Order + OrdCatPos + NoFeats + IntercorrDens +  NearSemNeigh + SemSim + Typicality + Distinctiveness) * Task + (1 | Item) + (NearSemNeigh + SemSim || Participant), data, REML = TRUE)
	
	
	
	
	
	
	
	

	Random effect
	Variance
	SD
	
	
	
	
	
	
	
	
	
	
	
	

	Item (Intercept)
	0.01
	0.12
	
	
	
	
	
	
	
	
	
	
	
	

	Participant (Intercept)
	0.02
	0.13
	
	
	
	
	
	
	
	
	
	
	
	

	Participant | NrSemNeigh 
	0.00
	0.02
	
	
	
	
	
	
	
	
	
	
	
	

	Participant | SemSim 
	0.00
	0.01
	
	
	
	
	
	
	
	
	
	
	
	

	Residuals
	0.06
	0.24
	
	
	
	
	
	
	
	
	
	
	
	

	Fixed effects
	Estimate
	SE
	CI
	t-
value
	p-value
	VIF
	
	
	
	
	
	
	
	

	(Intercept)
	-1.55
	0.02
	-1.58 – -1.52
	-95.26
	<.001
	
	
	
	
	
	
	
	
	

	NameAgr
	-0.04
	0.01
	-0.05 – -0.03
	-5.37
	<.001
	1.10
	
	
	
	
	
	
	
	

	AoA
	0.02
	0.01
	-0.00 – 0.04
	1.52
	.128
	2.45
	
	
	
	
	
	
	
	

	Imageability
	-0.01
	0.01
	-0.03 – 0.01
	-1.12
	.263
	1.91
	
	
	
	
	
	
	
	

	ImageAgr
	-0.03
	0.01
	-0.05 – -0.02
	-3.97
	<.001
	1.26
	
	
	
	
	
	
	
	

	Frequency
	-0.01
	0.01
	-0.03 – 0.01
	-0.95
	.344
	1.57
	
	
	
	
	
	
	
	

	Familiarity
	-0.04
	0.01
	-0.05 – -0.02
	-3.78
	<.001
	1.73
	
	
	
	
	
	
	
	

	Order
	-0.01
	0.00
	-0.01 – 0.00
	-1.88
	.060
	3.07
	
	
	
	
	
	
	
	

	OrdCatPos
	0.00
	0.00
	-0.01 – 0.01
	0.23
	.817
	3.14
	
	
	
	
	
	
	
	

	NoFeats
	-0.01
	0.01
	-0.02 – 0.01
	-0.66
	.513
	1.60
	
	
	
	
	
	
	
	

	IntercorrDens
	0.02
	0.01
	-0.00 – 0.04
	1.71
	.087
	2.18
	
	
	
	
	
	
	
	

	NearSemNeigh
	0.02
	0.01
	0.00 – 0.05
	2.22
	.026
	2.31
	
	
	
	
	
	
	
	

	SemSim
	0.01
	0.01
	-0.01 – 0.03
	0.90
	.367
	2.40
	
	
	
	
	
	
	
	

	Typicality
	-0.01
	0.01
	-0.02 – 0.01
	-0.69
	.490
	1.41
	Simple effects of variables in significant interactions

	Distinctiveness
	0.03
	0.01
	0.01 – 0.05
	2.88
	.004
	2.02
	Speeded naming
	Standard naming

	Task
	-0.32
	0.03
	-0.38 – -0.26
	-10.96
	<.001
	1.00
	Estimate
	SE
	z-value
	p-value
	Estimate
	SE
	z-value
	p-value

	NameAgr * Task
	-0.01
	0.00
	-0.02 – -0.01
	-3.33
	.001
	1.09
	-0.05
	0.01
	-5.97
	<.001
	-0.03
	0.01
	-4.42
	<.001

	AoA * Task
	0.01
	0.01
	-0.00 – 0.02
	1.76
	.079
	2.36
	
	
	
	
	
	
	
	

	Imageability * Task
	0.01
	0.00
	0.00 – 0.02
	2.23
	.025
	1.86
	-0.01
	0.01
	-0.55
	.584
	-0.02
	0.01
	-1.64
	.102

	ImageAgr * Task
	-0.01
	0.00
	-0.02 – -0.00
	-2.32
	.020
	1.19
	-0.04
	0.01
	-4.38
	<.001
	-0.03
	0.01
	-3.32
	.001

	Frequency * Task
	-0.03
	0.00
	-0.04 – -0.02
	-6.67
	<.001
	1.53
	-0.02
	0.01
	-2.52
	.012
	0.01
	0.01
	0.705
	.481

	Familiarity * Task
	-0.02
	0.00
	-0.03 – -0.01
	-3.33
	.001
	1.63
	-0.04
	0.01
	-4.44
	<.001
	-0.03
	0.01
	-2.88
	.004

	Order * Task
	-0.03
	0.01
	-0.04 – -0.02
	-5.49
	<.001
	2.24
	-0.02
	0.00
	-4.51
	<.001
	0.01
	0.00
	1.70
	.089

	OrdCatPos * Task
	-0.01
	0.01
	-0.02 – 0.00
	-1.47
	.142
	2.70
	
	
	
	
	
	
	
	

	NoFeats * Task
	-0.01
	0.00
	-0.02 – 0.00
	-1.60
	.109
	1.65
	
	
	
	
	
	
	
	

	IntercorrDens * Task
	0.00
	0.01
	-0.01 – 0.01
	0.51
	.609
	2.02
	
	
	
	
	
	
	
	

	NearSemNeigh * Task
	0.01
	0.01
	-0.00 – 0.02
	1.49
	.137
	1.55
	
	
	
	
	
	
	
	

	SemSim * Task
	0.01
	0.01
	-0.00 – 0.02
	1.86
	.062
	1.70
	
	
	
	
	
	
	
	

	Typicality * Task
	-0.00
	0.00
	-0.01 – 0.01
	-0.83
	.405
	1.46
	
	
	
	
	
	
	
	

	Distinctiveness * Task
	0.02
	0.01
	0.01 – 0.03
	4.20
	<.001
	1.67
	0.41
	0.01
	3.78
	<.001
	0.02
	0.01
	1.80
	.072

	Observations: 18,831
	
	
	
	
	
	
	
	

	Marginal R2 / Conditional R2: 0.280 / 0.527
	
	
	
	
	
	
	
	

	Note. Participant | X = random slope of X by participants, VIF = Variance Inflation Factor, NameAgr = Name agreement, AoA = Age of acquisition, ImageAgr = Image agreement, Order = Trial order, OrdCatPos = Ordinal category position, NoFeats = Number of semantic features, IntercorrDens = Intercorrelational Density, NearSemNeigh = Number of near semantic neighbours, SemSim = Semantic similarity;
values for significant effects (p < .05) are printed in bold; in the simple effects, the variable with the stronger effect within significant interactions is highlighted in grey. 



Naming accuracy
The same variables as reported in Table 2 (for all items) interacted with task in the accuracy analysis (Table C.2). In addition, the interaction between frequency and task reached significance, with a stronger effect of frequency in the speeded naming task. 
Moreover, there were some changes to the main effects: the effects of age of acquisition, frequency, and intercorrelational density were no longer significant compared to the analysis on all items. Instead, effects of familiarity and number of near semantic neighbours reached significance. In the follow-up analysis, all simple effects were comparable to the analysis that included all items.   
Table C.2
Naming accuracy: summarised output of Generalised Linear Mixed Model analysis for task comparison and simple effects after removal of items with lower naming accuracy
	Model structure 
	glmer(ACC ~ (NameAgr + AoA + Imageability + ImageAgr + Frequency + Familiarity + Order + CatPos + NoFeats + IntercorrDens + NearSemNeigh + SemSim + Typicality + Distinctiveness)*Task + (1 | Item) + (SemSim | Participant), data, family = binomial())
	
	
	
	
	
	
	
	

	Random effect
	Variance
	SD
	Correlation
	
	
	
	
	
	
	
	
	
	
	

	Item (Intercept)
	0.81
	0.90
	
	
	
	
	
	
	
	
	
	
	
	

	Participant (Intercept)
	0.36
	0.60
	
	
	
	
	
	
	
	
	
	
	
	

	Participant | SemSim
	0.02
	0.15
	0.73
	
	
	
	
	
	
	
	
	
	
	

	Fixed effects
	Estimate
	SE
	CI
	z-
value
	p-value
	VIF
	
	
	
	
	
	
	
	

	(Intercept)
	2.55
	0.09
	2.37 – 2.73
	27.56
	<.001
	
	
	
	
	
	
	
	
	

	NameAgr
	0.47
	0.06
	0.35 – 0.59
	7.56
	<.001
	1.11
	
	
	
	
	
	
	
	

	AoA
	-0.14
	0.1
	-0.33 – 0.04
	-1.50
	.135
	2.59
	
	
	
	
	
	
	
	

	Imageability
	0.22
	0.08
	0.05 – 0.38
	2.61
	.009
	2.00
	
	
	
	
	
	
	
	

	ImageAgr
	0.22
	0.07
	0.09 – 0.36
	3.26
	.001
	1.31
	
	
	
	
	
	
	
	

	Frequency
	0.14
	0.08
	-0.01 – 0.29
	1.88
	.060
	1.60
	
	
	
	
	
	
	
	

	Familiarity
	0.18
	0.08
	0.02 – 0.34
	2.26
	.024
	1.79
	
	
	
	
	
	
	
	

	Order
	-0.05
	0.05
	-0.14 – 0.04
	-1.10
	.274
	3.21
	
	
	
	
	
	
	
	

	OrdCatPos
	-0.03
	0.05
	-0.13 – 0.08
	-0.50
	.616
	3.43
	
	
	
	
	
	
	
	

	NoFeats
	0.12
	0.08
	-0.03 – 0.27
	1.60
	.109
	1.67
	
	
	
	
	
	
	
	

	IntercorrDens
	-0.17
	0.09
	-0.34 – 0.01
	-1.90
	.058
	2.26
	
	
	
	
	
	
	
	

	NearSemNeigh
	-0.19
	0.09
	-0.37 – -0.00
	-2.01
	.045
	2.47
	
	
	
	
	
	
	
	

	SemSim
	0.02
	0.1
	-0.17 – 0.22
	0.25
	.806
	2.49
	
	
	
	
	
	
	
	

	Typicality
	0.06
	0.07
	-0.09 – 0.20
	0.77
	.439
	1.53
	Simple effects of variables in significant interactions

	Distinctiveness
	-0.05
	0.09
	-0.22 – 0.12
	-0.59
	.558
	2.08
	Speeded naming
	Standard naming

	Task
	-1.62
	0.15
	-1.90 – -1.33
	-11.13
	<.001
	1.22
	Estimate
	SE
	z-value
	p-value
	Estimate
	SE
	z-value
	p-value

	NameAgr * Task
	-0.15
	0.04
	-0.24 – -0.07
	-3.47
	.001
	1.11
	0.39
	0.06
	6.21
	<.001
	0.542
	0.07
	7.96
	<.001

	AoA * Task
	0.09
	0.08
	-0.06 – 0.24
	1.19
	.233
	2.88
	
	
	
	
	
	
	
	

	Imageability * Task
	-0.01
	0.06
	-0.14 – 0.11
	-0.18
	.855
	2.17
	
	
	
	
	
	
	
	

	ImageAgr * Task
	-0.16
	0.05
	-0.26 – -0.06
	-3.16
	.002
	1.37
	0.14
	0.07
	2.04
	.042
	0.30
	0.08
	3.98
	<.001

	Frequency * Task
	0.12
	0.06
	0.01 – 0.23
	2.12
	.034
	1.56
	0.20
	0.08
	2.63
	.009
	0.08
	0.09
	0.97
	.331

	Familiarity * Task
	0.21
	0.06
	0.08 – 0.33
	3.18
	.001
	1.87
	0.28
	0.08
	3.51
	.001
	0.08
	0.09
	0.86
	.391

	Order * Task
	-0.18
	0.07
	-0.32 – -0.04
	-2.59
	.010
	2.46
	-0.14
	0.05
	-2.86
	.004
	0.04
	0.07
	0.61
	.541

	OrdCatPos * Task
	-0.00
	0.08
	-0.16 – 0.15
	-0.06
	.949
	3.02
	
	
	
	
	
	
	
	

	NoFeats * Task
	-0.19
	0.06
	-0.32 – -0.07
	-3.11
	.002
	1.84
	0.03
	0.08
	0.35
	.730
	0.22
	0.09
	2.50
	.012

	IntercorrDens * Task
	0.10
	0.07
	-0.04 – 0.23
	1.39
	.164
	2.36
	
	
	
	
	
	
	
	

	NearSemNeigh * Task
	0.09
	0.07
	-0.05 – 0.22
	1.24
	.216
	2.65
	
	
	
	
	
	
	
	

	SemSim * Task
	-0.09
	0.09
	-0.26 – 0.08
	-1.00
	.316
	2.71
	
	
	
	
	
	
	
	

	Typicality * Task
	-0.04
	0.06
	-0.17 – 0.09
	-0.63
	.530
	1.87
	
	
	
	
	
	
	
	

	Distinctiveness * Task
	0.02
	0.07
	-0.11 – 0.16
	0.35
	.727
	2.13
	
	
	
	
	
	
	
	

	Observations: 22,168
	
	
	
	
	
	
	
	

	Marginal R2 / Conditional R2: 0.243 / 0.443
	
	
	
	
	
	
	
	

	Note. Participant | X = random slope of X by participants, VIF = Variance Inflation Factor, NameAgr = Name agreement, AoA = Age of acquisition, ImageAgr = Image agreement, Order = Trial order, OrdCatPos = Ordinal category position, NoFeats = Number of semantic features, IntercorrDens = Intercorrelational Density, NearSemNeigh = Number of near semantic neighbours, SemSim = Semantic similarity;
values for significant effects (p < .05) are printed in bold; in the simple effects, the variable with the stronger effect within significant interactions is highlighted in grey.



Appendix D
Semantic error versus correct responses analysis 
In addition to the overall naming accuracy analysis, we also conducted an analysis that contrasted the proportions of responses that were semantic errors rather than correct responses. While increased input gain may lead to stronger effects of semantic variables on naming accuracy in speeded naming, one could also expect an increase in their effects on semantic errors more specifically, as semantic variables have been found to affect the proportion of semantic errors in speeded naming (i.e., Fieder et al., 2019; Mirman, 2011), however, have not previously been examined in standard naming in neurotypical participants. Thus, if the influence of semantic variables is increased in speeded naming one could also expect stronger effects of semantic variables on semantic errors. 
We coded the following error types as semantic errors: associates, coordinates, subordinates, superordinates, synonyms, incomplete responses that shared at least 50% of their phonemes with a semantically related item (or vice-versa, e.g., oct for squid), responses with a part-whole relationship to the target, two-step errors involving a semantic and a phonological error (e.g., naming a picture of a lion riger, presumably via tiger), and other responses that had a clear semantic relationship to the target but were not categorically related (e.g., butterfly for bird). 
The semantic errors analysis included 22,540 data points from 297 items and 80 participants (n = 2,752 semantic errors). 11,800 of those data points came from the standard naming task (n = 797 semantic errors) and 10,740 data points from the speeded naming task (n = 1,955 semantic errors).
There was a main effect of task in this semantic error analysis indicating that there were more semantic errors overall in the speeded naming task than in the standard naming task. Of all responses, on average 17% were semantic errors in the speeded naming task (range = 6–29%, SD = 6%) and 7% in the standard naming task (range = 1–15%, SD = 4%). The proportion of semantic errors relative to all other error types was, however, relatively stable in the two tasks (speeded naming: 70%, range = 47–88%, SD = 10%; standard naming: 69%, range = 35–92%, SD = 15%).
All findings in the semantic errors analysis were largely comparable to the findings of the naming accuracy analysis (which contrasted correct responses with any other error response), presumably because most incorrect responses in both tasks were semantic errors. As in the overall naming accuracy analysis, the only semantic variable that significantly interacted with naming task was number of semantic features (see Table D.1). The follow-up analysis suggested that the effect was stronger in the standard naming task than in the speeded naming task (Figure D.1, Panel A), however, note that there was in fact no evidence for a simple effect in either task. This indicates that there was either a Type 1 error when finding the significant interaction between number of semantic features and task, or a Type 2 error with non-significant simple effects in one or both naming tasks. 
Moreover, the same control variables significantly interacted with task as in the naming accuracy analysis: The effects of name agreement (facilitatory in both tasks, Figure D.1, Panel A) and image agreement (facilitatory in both tasks, Figure D.1, Panel D) were stronger in the standard naming task, while effects of familiarity (facilitatory in speeded naming, Figure D.1, Panel F) and trial order (inhibitory in speeded naming, Figure D.1, Panel G) were stronger in the speeded naming task.
With the combined data from both tasks, main effects showed that semantic errors were more likely for words with higher intercorrelational density and responses were more accurate for words with higher name agreement, imageability, or image agreement. 

Table D.1 
Semantic errors: summarised output of Generalised Linear Mixed Model analysis for task comparison and simple effects
	Model structure 
	glmer(SEM ~ (NameAgr + AoA + Imageability + ImageAgr + Frequency + Familiarity + Order + CatPos + NoFeats + IntercorrDens + NearSemNeigh + SemSim + Typicality + Distinctiveness)*Task + (1 | Item) + (NearSemNeigh | Participant), data, family = binomial())
	
	
	
	
	
	
	
	

	Random effect
	Variance
	SD
	Correlation
	
	
	
	
	
	
	
	
	
	
	

	Item (Intercept)
	1.51
	1.23
	
	
	
	
	
	
	
	
	
	
	
	

	Participant (Intercept)
	0.34
	0.58
	
	
	
	
	
	
	
	
	
	
	
	

	Participant | NearSemNeigh 
	0.03
	0.19
	0.72
	
	
	
	
	
	
	
	
	
	
	

	Fixed effects
	Estimate
	SE
	CI
	z-
value
	p-value
	VIF
	
	
	
	
	
	
	
	

	(Intercept)
	2.97
	0.11
	2.77 – 3.18
	28.01
	<.001
	
	
	
	
	
	
	
	
	

	NameAgr
	0.67
	0.08
	0.51 – 0.83
	8.32
	<.001
	1.10
	
	
	
	
	
	
	
	

	AoA
	-0.22
	0.12
	-0.46 – 0.03
	-1.74
	.082
	2.54
	
	
	
	
	
	
	
	

	Imageability
	0.22
	0.11
	0.01 – 0.43
	2.09
	.037
	1.93
	
	
	
	
	
	
	
	

	ImageAgr
	0.30
	0.09
	0.13 – 0.47
	3.39
	.001
	1.29
	
	
	
	
	
	
	
	

	Frequency
	0.12
	0.10
	-0.08 – 0.31
	1.16
	.244
	1.63
	
	
	
	
	
	
	
	

	Familiarity
	0.11
	0.11
	-0.10 – 0.32
	1.03
	.303
	1.80
	
	
	
	
	
	
	
	

	Order
	-0.04
	0.05
	-0.14 – 0.05
	-0.88
	.381
	3.23
	
	
	
	
	
	
	
	

	OrdCatPos
	-0.04
	0.06
	-0.16 – 0.07
	-0.76
	.448
	3.41
	
	
	
	
	
	
	
	

	NoFeats
	0.08
	0.10
	-0.11 – 0.27
	0.81
	.421
	1.60
	
	
	
	
	
	
	
	

	IntercorrDens
	-0.26
	0.12
	-0.49 – -0.03
	-2.25
	.025
	2.26
	
	
	
	
	
	
	
	

	NearSemNeigh
	-0.14
	0.13
	-0.38 – 0.11
	-1.10
	.272
	2.45
	
	
	
	
	
	
	
	

	SemSim
	-0.02
	0.13
	-0.27 – 0.23
	-0.18
	.860
	2.53
	
	
	
	
	
	
	
	

	Typicality
	0.05
	0.10
	-0.14 – 0.24
	0.52
	.605
	1.50
	Simple effects of variables in significant interactions

	Distinctiveness
	0.00
	0.11
	-0.22 – 0.22
	0.00
	.999
	2.06
	Speeded naming
	Standard naming

	Task
	-1.54
	0.14
	-1.82 – -1.25
	-10.65
	<.001
	1.29
	Estimate
	SE
	z-value
	p-value
	Estimate
	SE
	z-value
	p-value

	NameAgr * Task
	-0.22
	0.05
	-0.31 – -0.13
	-4.74
	<.001
	1.11
	0.56
	0.08
	6.86
	<.001
	0.78
	0.09
	9.07
	<.001

	AoA * Task
	0.14
	0.08
	-0.02 – 0.30
	1.77
	.078
	2.67
	
	
	
	
	
	
	
	

	Imageability * Task
	0.04
	0.07
	-0.09 – 0.17
	0.56
	.575
	1.98
	
	
	
	
	
	
	
	

	ImageAgr * Task
	-0.21
	0.05
	-0.32 – -0.11
	-3.93
	<.001
	1.31
	0.19
	0.09
	2.15
	.031
	0.41
	0.10
	4.27
	<.001

	Frequency * Task
	0.11
	0.06
	-0.02 – 0.23
	1.70
	.090
	1.59
	
	
	
	
	
	
	
	

	Familiarity * Task
	0.30
	0.07
	0.16 – 0.44
	4.23
	<.001
	1.93
	0.26
	0.11
	2.43
	.015
	-0.04
	0.12
	-0.35
	.728

	Order * Task
	-0.20
	0.07
	-0.34 – -0.05
	-2.66
	.008
	2.34
	-0.14
	0.06
	-2.58
	.010
	0.05
	0.07
	0.78
	.435

	OrdCatPos * Task
	0.03
	0.08
	-0.13 – 0.19
	0.41
	.680
	2.95
	
	
	
	
	
	
	
	

	NoFeats * Task
	-0.15
	0.07
	-0.28 – -0.02
	-2.29
	.022
	1.73
	0.00
	0.10
	0.04
	.965
	0.16
	0.11
	1.43
	.153

	IntercorrDens * Task
	0.13
	0.07
	-0.00 – 0.26
	1.94
	.053
	2.21
	
	
	
	
	
	
	
	

	NearSemNeigh * Task
	-0.02
	0.09
	-0.19 – 0.15
	-0.23
	.819
	2.48
	
	
	
	
	
	
	
	

	SemSim * Task
	-0.06
	0.08
	-0.22 – 0.11
	-0.69
	.493
	2.53
	
	
	
	
	
	
	
	

	Typicality * Task
	0.01
	0.07
	-0.12 – 0.14
	0.09
	.930
	1.69
	
	
	
	
	
	
	
	

	Distinctiveness * Task
	0.06
	0.08
	-0.09 – 0.21
	0.74
	.462
	2.08
	
	
	
	
	
	
	
	

	Observations: 22,540
	
	
	
	
	
	
	
	

	Marginal R2 / Conditional R2: 0.250 / 0.523
	
	
	
	
	
	
	
	

	Note. Participant | X = random slope of X by participants, VIF = Variance Inflation Factor, NameAgr = Name agreement, AoA = Age of acquisition, ImageAgr = Image agreement, Order = Trial order, OrdCatPos = Ordinal category position, NoFeats = Number of semantic features, IntercorrDens = Intercorrelational Density, NearSemNeigh = Number of near semantic neighbours, SemSim = Semantic similarity;
values for significant effects (p < .05) are printed in bold; in the simple effects, the variable with the stronger effect within significant interactions is highlighted in grey.




Figure D.1
Significant interactions between semantic or control variables and task in the semantic errors analysis  
[image: ]
Note. All variables were standardised. 
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