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Abstract 

In memory tasks, items read aloud are better remembered than their silently read counterparts. 

This production effect is often interpreted by assuming a distinctiveness benefit for produced 

items, but whether this benefit also comes at a cost remains up for debate. In recall tasks, when 

pure lists are used in which all items are produced or read silently, studies have shown a better 

recall of produced items at the last serial positions, but a lower recall at the first positions. This 

cost of production has been interpreted by assuming that production interferes with rehearsal. 

However, in recognition tasks, models typically assume that the distinctiveness benefit for 

produced items comes at no cost. Across four experiments, participants completed a 2AFC 

recognition test, an old-new recognition test or an immediate serial recall test. List length was 

also manipulated. Results show that although the production effect is larger at the last serial 

positions, the cross-over interaction between the production effect and serial position observed in 

recall  was not present in recognition. These results suggest that task-related differences in the 

production effect may inform us about the modulation of basic memory processes by task 

demands. 

 

Keywords. Production Effect, Serial Positions, Short-term Memory, Item Recognition, Immediate 

Serial Recall 
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The Interaction Between the Production Effect and Serial Position in Recognition and 

Recall 

Enhancing the capacity of our own memory is a universal aspiration. Unfortunately, most 

effective means for achieving this goal are both time and effort consuming (e.g., the pegword 

method, in which to-be-remembered words are linked to a pre-learned rhyme of words and 

numbers), thus compromising their widespread usage. In the laboratory, a simple strategy has 

been found to have a large beneficial effect on memory. That is, reading words aloud at encoding 

improves memory compared to reading them silently (for an overview see, MacLeod & Bodner, 

2017). This production effect has been observed across a variety of tasks including free recall 

(e.g., Schwell et al., 2024; Lambert et al., 2016), order reconstruction (e.g., Jonker et al., 2014; 

Saint-Aubin et al., 2021), item recognition (e.g., Hourihan & Fawcett, this issue; MacLeod et al., 

2010), and immediate serial recall (e.g., Saint-Aubin et al., 2021). In addition, when pure lists are 

used (i.e., lists in which all words are read aloud or silently), the production effect has been found 

to interact with serial position. More specifically, as shown in Figure 1, in order reconstruction, 

immediate serial recall and delayed free recall, produced items are better recalled than silently 

read items on the recency portion of the serial position curve, but less well recalled on the 

primacy portion (e.g., Dauphinee et al., 2024; Gionet et al., 2022; Grenfell-Essam et al., 2017; 

Macken et al., 2016; Murray et al., 1974; Saint-Aubin et al., 2021). 

This interaction between the production effect and serial position has been interpreted as 

reflecting the costs and benefits of increasing the relative distinctiveness of produced items (Cyr 

et al., 2022; Dauphinee et al., 2024; Gionet et al., 2022; Saint-Aubin et al., 2021). Specifically, 

within the Revised Feature Model (RFM; Saint-Aubin et al., 2021), reading words aloud would 

hinder their rehearsal because explicit articulation and rehearsal share the same resources (e.g., 

Murray, 1967). This would then selectively impact the retrieval of the first items, which usually 
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benefit more from rehearsal than the last ones (Bhatarah et al., 2009; Rundus, 1971; Tan & Ward, 

2008). However, compared to silent reading, reading aloud would also generate extra features 

through articulation and auditory feedback (see, MacLeod et al., 2010, 2022). These additional 

features would increase the relative distinctiveness of produced items, and since the RFM assigns 

forgetting to retroactive interference, the last produced items in a pure list would benefit more 

from them (Cyr et al., 2022; Dauphinee et al., 2024; Saint-Aubin et al., 2021).  

As of yet, the RFM has been applied to immediate serial recall, order reconstruction, free 

recall, and immediate spatial recall (see, e.g., Cyr et al., 2022; Saint-Aubin et al., 2021, 2024). In 

verbal recall, as shown in Figure 1, the interaction with serial position is ubiquitous. Furthermore, 

two systematic reviews revealed that the production effect systematically interacts with serial 

position in free recall and immediate serial recall (Dauphinee et al., 2024; Gionet et al., 2022). In 

addition, Dauphinee et al. tested the hypothesis that the cost of producing the items derives from 

hindered rehearsal. They did so by manipulating presentation speed, because it is well-established 

that rehearsal is less efficient with a rapid presentation (Bhatarah et al., 2009; Grenfell-Essam & 

Ward, 2012). As predicted, the disadvantage for produced items at the first serial positions was 

observed with slow presentation rates allowing the rehearsal of silent items, but not with the fast 

presentation rate preventing the rehearsal of those items.  

Importantly, the view that producing items increases their relative distinctiveness but 

comes at a cost is not commonly found (see, Saint-Aubin et al., 2021). In fact, most models 

accounting for the production effect have only been applied to item recognition tasks (Caplan & 

Guitard, 2024; Jamieson et al., 2016; Kelly et al., 2022; Wakeham-Lewis et al., 2022). Moreover, 

performance in item recognition is not typically assessed as a function of serial position, and 

studies of the production effect are no exception (see, Fawcett et al., 2023). In those studies, a 

small advantage for produced items in pure lists is usually found, but with no noticeable cost 
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(Fawcett, 2013). Accordingly, Jamieson et al. (2016) modeled the production effect using 

MINERVA 2 by assuming that produced items benefit from five more features than silently read 

items. Those additional features were thought to be related to sensory feedback. The model also 

assumes that retrieval is cue-driven and that each trace is activated in proportion to its similarity 

to the retrieval cue. In this context, the additional features would increase the distinctiveness of 

the produced items’ memory trace. However, to the best of our knowledge, MINERVA 2 assumes 

that those features would come at no cost. Similarly, Kelly et al. (2022) and Wakeham-Lewis et 

al. (2022) used the Retrieving Effectively from Memory framework (REM; Shiffrin & Steyvers, 

1997), a computational model of recognition memory, to account for the production effect. Both 

groups assumed that produced items benefit from ten more encoded features that can be used at 

retrieval, but once more, the REM does not include any cost from the addition of those features.  

In this issue, Caplan and Guitard account for the production effect using the attentional 

subsetting theory, which posits that only a small subset of item features are attended in episodic 

recognition tasks. This theory distinguishes between early-emerging shallow features such as 

orthographic and phonologic attributes in a densely packed feature space, and deep features like 

semantic attributes that emerge later in a sparser space. It posits that production specifically 

influences the encoding of some features (e.g., phonologic features in spoken words), which 

increases the vector length, thereby enhancing the overall strength and effectiveness of memory 

encoding. By increasing the number of attended features, production boosts the distinctiveness of 

produced items resulting in a memory advantage for those items. Caplan and Guitard also explore 

the potential for a trade-off in memory encoding, echoing concepts from the RFM (Saint-Aubin et 

al., 2021). Specifically, production might divert attention from orthographic and deeper semantic 

features, potentially leading to fewer of these features being encoded. This trade-off could also be 

theorized to be consistent across serial positions, but is not currently implemented.  
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As could be seen, there is an important difference between recognition models which are 

either silent about a cost of production or suggesting no interaction with serial position (Caplan & 

Guitard, 2024; Kelly et al., 2022; Jamieson et al., 2016; Wakeham-Lewis et al., 2022) and the 

only account in recall suggesting an interaction (Saint-Aubin et al., 2021). The interaction 

between the production effect and serial position in item recognition was recently investigated by 

Wakeham-Lewis et al. (2022). In their study, they assessed the production effect across all the 90 

possible serial positions and found a trend for a larger production effect toward the end of the list. 

However, they failed to find credible evidence for an interaction or an effect of serial position. 

Subsequently, Fawcett et al. (2023) addressed the same issue in their meta-analysis. Because list 

length varied across the nine available datasets, they reported mean recognition performance for 

the initial three items (early) and the final three items (late). Just as it had been observed with 

recall tasks, they found a large recency advantage for produced items. However, they also found a 

smaller advantage for produced items at the first positions. In light of their findings, they stated 

that “presently, we can conclude only that the between-subjects production effect in recognition 

appears to be marginally more pronounced for late items relative to early items.” (p.42). 

Taken together, results so far suggest an interaction between the production effect and 

serial position in item recognition (Fawcett et al., 2023), but whether a cost of production can be 

observed on the first serial positions remains up for debate. It should be noted that in all but one 

of the studies used by Fawcett et al. (2023) for their meta-analysis, serial positions were not 

reported, analyzed or even discussed, with Forrin et al. (2019) being the exception. However, in 

that study, multiple blocks of five items were presented and serial positions were only reported as 

a function of position within the block rather than position across the list. In Wakeham-Lewis’ et 

al. (2022) study, not included in Fawcett et al.’s (2023) meta-analysis, the interaction with serial 

position was assessed as a control to rule out a practice effect.  



PRODUCTION AND SERIAL POSITION IN RECOGNITION AND RECALL         7 

 

   

 

Therefore, the designs of previous studies were never optimized to reveal any cost of 

production on the first serial positions. However, it has been shown that when two distinct tasks 

are performed under similar methodologies, performance can be much more similar than what is 

usually found with larger methodological differences (Grenfell-Essam et al., 2017). In the current 

study, we offer the first critical test of a deleterious production effect on the early serial positions 

in item recognition when conditions are selected to maximize the chances of observing such an 

effect. To this aim, in addition to the typical random presentation of the items at test, we tested 

items in their presentation order, because it has been shown that differences across memory tasks 

can be driven by output order (Ensor et al., 2020; Ward et al., 2010). Furthermore, because list 

length has been found to be a critical factor producing dissociations, in Experiments 2 and 3, we 

used 6-item lists as in typical immediate serial recall experiments (e.g., Grenfell-Essam et al., 

2017). Finally, to investigate any task-related differences and to allow for a direct comparison 

between recall and recognition with regard to the interaction between the production effect and 

serial position, we used an immediate serial recall task in Experiment 4. 

Experiment 1 

Method 

Sample Size Calculation and Participants 

 Our sample size for all experiments was based on an a priori power analysis computed 

with G*Power 3.1.9.7 (Faul et al., 2007). First, the analysis for a within-subject ANOVA with a 

medium effect size (f = 0.25; Cohen, 1988, p. 286), one group and 2 measurements revealed that 

34 participants would be enough to achieve 80% power at the .05 level of significance (see OSF 

for the full G*Power analysis output). However, due to uncertainties associated with the change 

in memory task, we slightly overpowered our design. Therefore, a post hoc power analysis with a 

sample of 48 participants and the same parameters revealed 92% power to detect a medium-sized 

https://osf.io/2s8ce/?view_only=af15c045dafc4068a9c40b2ed893fa07
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interaction effect. We recruited 48 undergraduate students (31 women, 17 men, M age = 20.3 

years, SD = 1.72 years) from Université de Moncton who volunteered to participate in exchange 

for course credits or an entry in a monthly $100 draw. Participants were native French speakers 

aged between 18 and 30 years with normal or corrected vision. This study was approved by the 

Ethics Board for Research Involving Humans of Université de Moncton. 

Materials 

 Stimuli were 2,720 French nouns from the Lexique 3.83 database (New et al., 2004). All 

words had 8 letters and 2 syllables, with a frequency ranging from 0 to 739.12 occurrences per 

million (M = 7.49, SD = 31.36). For each participant, we sampled without replacement from this 

word pool to create 26 pure lists of 40 target words and 26 lists of 40 distractors, with 2 lists from 

each group serving as practice trials and 24 as experimental trials. Therefore, each participant 

was presented with 26 different lists of target words and distractors.  

Design and Procedure 

 We used a 2 X 2 X 2 repeated measures design with production modality (produced vs. 

silent), presentation order at test (direct vs. random), and serial position (early positions vs. late 

positions) as within-subject factors. The experiment was controlled with PsyToolkit (Stoet, 2010, 

2017) and stimuli were displayed in blue or white against a black background. Participants were 

tested individually in a quiet laboratory room and in a single session lasting approximately 90 

minutes. Participants undertook two practice trials and 24 experimental trials (12 per production 

modality). During each trial, 40 to-be-remembered words were presented in the center of the 

screen at a rate of 2s per word (2,000 ms on, 0 ms off). Production modality was manipulated by 

creating two blocks of 12 pure lists and by counterbalancing their order across participants. 

Participants were instructed to read the blue words aloud and to read the white words silently, 

without mouthing or whispering the words.   
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Two seconds after the last word of each list was presented, a digit appeared in the center 

of the screen to signal the beginning of a 30s parity judgment task. During this task, a series of 

integers ranging from 0 to 9 appeared individually in the center of the screen. Participants were 

instructed to press the “Z” key if the stimulus was an odd number, and to press the “M” key if the 

stimulus was an even number. This task was self-paced, but lasted 30s for all participants. 

Immediately after the parity judgment task, participants completed a two-alternative forced 

choice (2AFC) recognition test. During this test, two words were presented next to each other in 

the center of the screen. Of the two words, one was part of the to-be-remembered list (target 

word), and the other was a distractor. Participants were instructed to click on the target word, and 

this task was then repeated for each of the 40 target words. Target words appeared equally often 

on either side of the screen. Finally, the presentation order of the target words at test was also 

counterbalanced, so that they were presented in the order in which they were encoded for half of 

the trials (direct order) and in a random order for the remaining trials.  

Data Availability and Analysis 

 The stimuli for this experiment, the data for all experiments and the scripts used for data 

analyses are available on the Open Science Framework project page (OSF). Importantly, the data 

analysis procedure presented below was followed for all experiments. Statistical analyses were 

conducted using the R software (R Core Team, 2023). We collected descriptive information with 

frequentist analyses and guided our inferences with Bayesian analyses. Frequentist analyses were 

computed using the “lsr” package (version 0.5; Navarro, 2015), and Bayesian inferences were 

driven by Bayes Factor (BF) ANOVA analyses conducted using the “BayesFactor” package with 

the default parameters (Version 0.9.12-4.2; Morey & Rouder, 2018; Rouder et al., 2009, 2012). 

All Bayes Factors (BFs) were estimated via Monte Carlo simulations using 100,000 iterations, 

and when necessary, more iterations were added to reduce the proportional error below 5%. 

https://osf.io/2s8ce/?view_only=af15c045dafc4068a9c40b2ed893fa07
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Participants were entered as a random factor in each model, and we tested each main effect and 

interaction by successively omitting them from the full model. To report our results, we used 

BF10 to report evidence in favor of an effect (H1) and BF01 (1/BF10) to report evidence against an 

effect (H0). Finally, based on guidelines by Goss-Sampson (2020), BF10 and BF01 values ranging 

from 1 to 3 were interpreted as anecdotal evidence, while values between 3 and 10, 10-30, 30-100 

and over 100 were interpreted as moderate, strong, very strong and decisive evidence. 

Results 

Parity Judgment Task 

 To determine if participants were adequately engaged in the parity judgment task, we 

looked at the number of parity judgment attempts and the proportion of correct judgments as a 

function of production modality and presentation order at test. As can be seen in Table 1, 

participants were actively engaged in the task, and their performance did not differ across 

conditions. Results from Bayesian and Welch’s paired t-tests also support this claim. For the 

number of attempts, there was moderate evidence against a difference between production 

modalities, t(93.949) = 0.33, p = .74, Cohen’s d = 0.07, BF01 = 4.50, and anecdotal evidence 

against a difference between presentation orders, t(93.919) = -0.22, p = .83, Cohen’s d = 0.05, 

BF01 = 2.33. For the proportion of correct judgments, there was anecdotal evidence against a 

difference between both production modalities, t(87.244) = 0.86, p = .39, Cohen’s d = 0.18, BF01 

= 1.22, and presentation orders, t(93.463) = 0.64, p =.52, Cohen’s d = 0.13, BF01 = 1.10. 

Two-Alternative Recognition Test 

 Mean recognition as a function of production modality, presentation order at test and 

serial position is shown in Figure 2. To facilitate a direct comparison with Fawcett et al. (2023), 

we reduced the 40-level serial position variable to a 2-level factor by calculating the average 

performance at the first and last three positions. We computed a 2 X 2 X 2 repeated measures 



PRODUCTION AND SERIAL POSITION IN RECOGNITION AND RECALL         11 

 

   

 

ANOVA with production modality (produced vs. silent), presentation order (direct vs. random) 

and serial position block (early vs. late) as factors (see Figure 3 for means). We found decisive 

evidence in favor of an effect of production modality, F(1, 47) = 59.09, p < .001, ηp
2 = .56, BF10 

> 10,000, moderate evidence against an effect of presentation order, F(1, 47) = 3.08, p = .08, ηp
2 

= .06, BF01 = 3.37, and moderate evidence against an effect of serial position block, F(1, 47) = 

2.08, p = .16, ηp
2 = .04, BF01 = 8.99. We also found moderate evidence against the three-way 

interaction between production modality, presentation order and serial position block, F(1, 47) = 

1.26, p = .27, ηp
2 = .03, BF01 = 5.90. For two-way interactions, we found strong evidence against 

an interaction between production modality and presentation order, F(1, 47) = 0.07, p =.79, ηp
2 < 

.01, BF01 = 14.72, and decisive evidence in favor of an interaction between presentation order and 

serial position block, F(1, 47) = 21.45, p < .001, ηp
2 = .31, BF10 > 10,000; as expected, the 

primacy effect was larger with the direct order.  

Critically, although the interaction between production modality and serial position block 

was significant with the frequentist approach, the Bayesian ANOVA showed only anecdotal 

evidence, F(1, 47) = 6.03, p < .05, ηp
2 = .11, BF10 = 1.69. However, to allow for comparisons 

with results from Fawcett et al. (2023), we investigated the interaction by conducting a single 

factor ANOVA for each block (early vs. late positions) with production modality as the within-

subject factor. Although the production effect was larger at the last serial positions, we found 

decisive evidence in favor of an effect of production modality (produced > silent) in both the 

early position block, F(1, 47) = 19.63, p < .001, ηp
2 = .30, BF10 > 10,000, and the late position 

block, F(1, 47) = 60.64, p < .001, ηp
2 = .56, BF10 > 10,000.  

Exploratory Serial Position Analysis 

 The above-mentioned analyses were computed to replicate the procedure used by 

Fawcett et al. (2023). However, because most of the serial position curve was ignored in the 
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analysis, it may not provide the most accurate picture. Therefore, we computed a logistic mixed-

effects model. This analysis allowed the investigation of the interaction between the production 

effect and the entire serial position curve by considering serial position as an integer variable. 

The analyses were computed with the glmr function of the lme4 R package (Bates et al., 2015; R 

Core Team, 2023). We built the model by releasing the intercept along the participant and trial 

variables as random effects (see Guitard et al., 2023, for the importance of trials in memory), and 

including production modality, serial position, and presentation order as fixed effects. We found 

a significant main effect of production modality (produced > silent), χ2(1) = 836.20, p < .001, but 

no difference across presentation orders (p = .38) or serial positions (p = .72). Finally, as we 

observed with the Bayesian ANOVA, the only significant interaction was between presentation 

order and serial position (larger primacy effect in the direct order), χ2(1) = 55.77, p < .001. None 

of the other interactions reached significance (p > .05). 

Discussion 

 In this experiment, we tested whether the cross-over interaction between the production 

effect and serial position observed in recall and order reconstruction tasks could be replicated 

with an item recognition task. We also tested whether output order at test would impact results. 

Overall, four findings emerged. First, we observed a large and reliable production effect across 

all serial positions. Second, we found that representing the items in their encoding order at test 

heightened the primacy effect but did not alter the size of the production effect. Third, while the 

production effect was numerically smaller at the first three positions compared to the last three 

positions, we found no evidence of the cross-over interaction between the production effect and 
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serial position1. More specifically, the interaction between production and serial position block 

(early vs. late positions) reached significance with the frequentist approach, but it did not fit the 

cross-over pattern typically observed in recall tasks or hold up under Bayesian statistics. Finally, 

the similarity between our findings and those from Fawcett et al.’s (2023) meta-analysis further 

shows the robustness of the production effect. In fact, the studies reviewed by Fawcett et al. used 

a between-subjects design in which participants took part in the production condition or the silent 

reading condition. It could be argued that within-subjects designs might yield different results 

because participants could implement compensatory strategies driven by metamemory factors 

(Watkins et al., 2000). However, our results complement those of Gionet et al. (2022) in free 

recall by showing that this is not the case: The production effect is robust with both within- and 

between-subjects designs producing the same results with pure lists. 

Experiment 2 

 The results of Experiment 1 revealed that the large memory cost for produced items 

typically observed in free recall tasks (Gionet et al., 2022) did not replicate in long-term item 

recognition, thus leading to the absence of a cross-over interaction between the production effect 

and serial position. How can we account for this important dissociation between recall and item 

recognition? The simplest hypothesis is to assume that both tasks highlight different memory 

processes. As suggested by MINERVA 2 (Jamieson et al., 2016) and the REM (Kelly et al., 

2022; Wakeham-Lewis et al., 2022), producing the items in item recognition would add features 

at no cost, and as suggested by the attentional subsetting theory (Caplan & Guitard, 2024), it 

 
1 With 24 trials and a 30-second interference task per trial, it could be argued that results were due to a fatigue effect. 

To rule out this hypothesis, we recomputed the analyses by considering only the first block of trials (12 trials instead 

of 24) with the caveat that our design would be less powerful. In fact, production becomes a between-subjects factor 

instead of a within-subject factor. The main finding remained with no detrimental effect of production on the first 

serial positions. The complete analysis can be found on the Open Science Framework project page. 
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would add them at a constant cost across serial positions. On the other hand, as suggested by the 

RFM (Saint-Aubin et al., 2021), producing the items in recall tasks would interfere with their 

rehearsal. Therefore, the dissociation might be explained by a less important role of rehearsal in 

recognition than in recall, but this view can rapidly be dismissed because it is well-established 

that rehearsal also plays a critical role in recognition (Glenberg et al., 1977; Greene, 1987; 

Rundus et al., 1970; Woodward et al., 1973). In addition, Johnson and Miles (2009) showed that 

articulatory suppression, which blocks rehearsal, hindered performance on a 2AFC test. 

Importantly, the absence of rehearsal related effects in our first experiment may not have 

been due to the memory task used, but rather to list length. In free recall, the proportion of words 

rehearsed largely decreases as list length increases (see, Bhatarah et al., 2009). Thus, according to 

the RFM, in the free recall of long lists, the cost of production on the first serial positions should 

be reduced or eliminated. As predicted, with 24-item lists and a free recall task, Cyr et al. (2022) 

observed a much-reduced disadvantage for produced items at the first serial positions with a large 

and reliable advantage at the last serial positions. This suggests that the differences between item 

recognition and recall observed in previous studies on the production effect may simply reflect 

the lower involvement of rehearsal with long lists rather than fundamental differences in the 

memory processes involved in both tasks.  

Therefore, our second experiment was aimed at determining whether using short lists 

would allow us to uncover the cross-over interaction between the production effect and serial 

position. This test was implemented by using a set of pronounceable non-words created by Ward 

et al. (2005) to investigate the functional equivalence between order reconstruction and short-

term recognition with a 2AFC test. We used non-words instead of words to ensure that 

performance would be at a reasonable level despite the very short lists used for the 2AFC 

memory test. In addition, all accounts of the production effect suggest that the same processes 
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should be involved with words and non-words, resulting in the same pattern of results (e.g., 

Caplan & Guitard, 2024; Jamieson et al., 2016; Kelly et al., 2022; Saint-Aubin et al., 2021; 

Wakeham-Lewis et al., 2022). Finally, we removed the parity judgement task to allow direct 

comparison with performance in the immediate serial recall task used in Experiment 4.  

Method 

Participants 

 Forty-eight participants (30 women, 16 men, and 2 non-binary individuals) aged 

between 18 and 30 years (M = 25.35 years, SD = 2.72 years) were recruited through the Prolific 

online platform (https://www.prolific.com/). To be included in this study, participants also had to 

be native English speakers, to be from Canada, the United States, or the United Kingdom, to have 

normal or corrected vision, to have a Prolific approval rate of 90% or above, and to not have any 

language related disorders, cognitive impairments, or dementia. Participants were paid £4.50 for 

completing the study that lasted approximately 20 minutes. In addition, to ensure compliance 

with the instructions (specifically for the production condition), participants were asked to record 

and submit a video of themselves completing the study in order to receive compensation. In total, 

10 participants were rejected for not providing a video or not following the instructions.  

Materials 

 The stimuli used in Experiments 2 and 3 were a large set of 939 non-words developed 

by Ward et al. (2005). Each non-word was pronounceable and was constructed by combining two 

consonant clusters with a central vowel sound (e.g., “blove”, “jeeb”, “drard”). In addition, Ward 

et al. created two similar-sounding and unique distractors for each target non-word by changing 

either the initial or the final consonant cluster. For instance, the two distractors for “garch” were 

“karch” and “garge”. For each participant, we sampled without replacement from the original list 

of 939 target non-words to create 28 lists of 6 non-words, including 4 lists that served as practice 

https://www.prolific.com/
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trials and 24 lists that served as experimental trials. For the 2AFC memory test, the distractor for 

each target non-word was randomly selected from the two available options. Each participant was 

presented with 28 different lists of target non-words and distractors. 

Design and Procedure 

 We used a 2 X 2 X 6 repeated measures design with production modality (produced vs. 

silent), presentation order at test (direct vs. random) and serial position (1 – 6) as within-subject 

factors. This experiment was conducted online, and participants were asked to record themselves 

while they completed the study. Videos were then reviewed to ensure task compliance. During 

the study, participants completed 4 practice trials and 24 experimental trials (12 per production 

modality). Unlike in Experiment 1 where production modality was blocked, pure lists of 6 non-

words to be read aloud or silently were presented in a random order for each participant. Target 

non-words were presented individually at a rate of 2s per item (2,000 ms on, 0 ms off), and 

contrary to our first experiment where a 30-second parity judgment task was used, participants 

completed a 2AFC recognition test immediately after the last target was presented. Once again, 

target items appeared equally often on either side of the screen during the test, and their 

presentation order at test was counterbalanced (direct or random order).   

Results 

Analyses with all Serial Positions 

 First, we computed a 2 X 2 X 6 repeated measures ANOVA with production modality 

(produced vs. silent), presentation order (direct vs. random), and serial position (1 – 6) as factors 

(see Figure 4). We found decisive evidence in favor of an effect of production modality, F(1, 47) 

= 121.53, p < .001, ηp
2 = .72, BF10 > 10,000, strong evidence against an effect of presentation 

order, F(1, 47) = 1.99, p = .17, ηp
2 = .04, BF01 = 12.46, and decisive evidence against an effect of 

serial position, F(5, 235) = 2.24, p = .05, ηp
2 = .05, BF01 = 792.45. For two-way interactions, we 
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found strong evidence against an interaction between production modality and presentation order, 

F(1, 47) = 0.09, p = .76, ηp
2 = .002, BF01 = 24.90, decisive evidence against an interaction 

between production modality and serial position, F(5, 235) = 2.17, p = .06, ηp
2 = .04, BF01 = 

290.62, and decisive evidence against an interaction between serial position and presentation 

order, F(5, 235) = 0.36, p = .88, ηp
2 = .007, BF01 > 10,000. Finally, we also found decisive 

evidence against the three-way interaction between production modality, serial position and 

presentation order, F(5, 235) = 1.37, p = .24, ηp
2 = .03, BF01 = 612.22. 

Analyses with Early and Late Serial Positions 

 Echoing our procedure from Experiment 1, we enabled comparisons between our results 

and those of Fawcett et al. (2023) by averaging performance at the first and last three positions. 

We conducted a 2 X 2 X 2 repeated measures ANOVA with production modality (produced vs. 

silent), presentation order (direct vs. random) and serial position block (early vs. late positions) as 

factors (see Figure 5). We found decisive evidence in favor of an effect of production modality, 

F(1, 47) = 121.53, p < .01, ηp
2 = .72, BF10 > 10,000, strong evidence against an effect of 

presentation order, F(1, 47) = 1.99, p = .17, ηp
2 = .04, BF01 = 11.98, and strong evidence against 

an effect of serial position block, F(1, 47) = 1.94, p = .17, ηp
2 = .04, BF01 = 10.53. For two-way 

interactions, there was strong evidence against the interaction between production modality and 

presentation order, F(1, 47) = 0.09, p = .76, ηp
2 = .002, BF01 = 25.15, very strong evidence against 

the interaction between serial position block and presentation order, F(1, 47) = 0.20, p = .66, ηp
2 

= .004, BF01 = 23.13, and moderate evidence against the interaction between production modality 

and serial position block, F(1, 47) = 2.14, p = .15, ηp
2 = .04, BF01 = 6.38. Finally, we also found 

moderate evidence against the three-way interaction between production modality, presentation 

order and serial position block, F(1, 47) = 1.73, p = .19, ηp
2 = .04, BF01 = 8.44. 
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Discussion 

 Experiment 2 was aimed at testing whether using key task elements like those typically 

used in recall tasks would reveal a cross-over interaction between the production effect and serial 

position in item recognition. Contrary to our predictions, despite using short lists of 6 non-words 

and removing the filled retention interval, the cross-over interaction observed in recall tasks and 

illustrated in Figure 1 did not appear in item recognition. We observed a production effect across 

all serial positions, which fits well with MacLeod et al.’s (2022) findings who also observed a 

production effect with non-words. However, while the production effect appeared smaller at the 

first positions compared to the last positions, thus replicating our findings from Experiment 1 and 

those of Fawcett et al. (2023), we did not find evidence in favor of an interaction. More 

specifically, analyzing our data by considering all serial positions and by combining the first and 

last three positions respectively showed decisive and moderate evidence against an interaction 

between the production effect and serial position. These results suggest that the dissociation 

between recall and item recognition tasks, marked by the absence of a cross-over interaction in 

item recognition, is not due to key methodological differences beyond the retrieval requirements. 

Instead, it would seem that the memory processes underlying the cross-over interaction between 

the production effect and serial position in recall and order reconstruction tasks are differently 

impacted by the specific demands associated with an item recognition task.  

Experiment 3 

 Results from our first two experiments show that although there is a trend towards a 

larger production effect at the last serial positions compared to the first serial positions, the cross-

over interaction typically observed in free recall (Cyr et al., 2022; Gionet et al., 2022), immediate 

serial recall (Dauphinee et al., 2024; Macken et al., 2016) and order reconstruction (Jonker et al., 

2014; Saint-Aubin et al., 2021) is not present in item recognition. However, before drawing any 
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firm conclusions, one more key factor should be examined. In the first two experiments, memory 

was assessed with a 2AFC recognition test, and while this kind of test has been used to assess 

serial position effects in item recognition tasks (e.g., Johnson & Miles, 2009; Ward et al., 2005), 

it is less commonly used to investigate the production effect (see, Fawcett et al., 2022; Hopkins 

& Edwards, 1972; MacLeod et al., 2010). In fact, most item recognition studies on the production 

effect used old-new recognition tests (see, e.g., Bodner & Taikh, 2012; Bodner et al., 2014; Kelly 

et al., 2024; Ozubko & MacLeod, 2010). 

Another argument for the use of an old-new recognition test was made by Yonelinas et 

al. (1992), who found that the list-strength effect (i.e., the lower memory for items within a list 

following the strengthening of other items from the same list) was observed in an old-new 

recognition test, but not in a 2AFC test. In addition, they also found that memory performance 

was generally greater on the old-new recognition test. To explain this, they suggested that 

participants perceive the old-new recognition test as more difficult, leading them to devote more 

effort to item encoding and resulting in more efficient encoding on an old-new recognition test. 

This is important, because according to the RFM (Cyr et al., 2022; Saint-Aubin et al., 2021), the 

cross-over interaction between the production effect and serial position in recall is driven by 

memory processes operating during item encoding. Therefore, using an old-new recognition test 

instead of a 2AFC test could maximize our chances of observing the same cross-over interaction 

between production and serial position in item recognition.  

More recently, Brady et al. (2023) discussed differences between forced choice and old-

new recognition tests (see also, Ulatowska et al., 2020). While they recognized the widespread 

use of old-new recognition tests in working memory research and strongly suggested using 2AFC 

tests instead, they also acknowledged that both tasks might yield different estimations of the 

memory strength distribution. In fact, by asking participants to choose which of two items in a 
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2AFC is old, we can determine which items have the stronger memory traces. Alternatively, by 

asking them to decide whether a single item is old or new, we can determine the items whose 

memory traces are strong enough to be recognized as old (Brady et al., 2023). This means that 

conclusions we make about memory performance, and particularly about differences across study 

conditions, may largely depend on the task used to assess memory in the first place. Therefore, to 

stay in line with previous studies on the production effect and to ensure that our results are not 

only due to the use of a 2AFC recognition test, Experiment 3 was aimed at replicating our results 

from Experiment 2 with an old-new recognition test.  

Method 

Participants 

We recruited a second sample of 48 participants (28 women, 20 men, Mage = 25.88 

years, SD = 3.38 years) from the Prolific platform (https://www.prolific.com/). Inclusion and 

exclusion criteria were the same as for Experiment 2, and videos were collected from each 

participant and reviewed to ensure task compliance. Participants were paid £4.50. In total, 6 

participants were rejected for not submitting videos or not following the instructions. 

Materials, Design and Procedure 

  The stimuli, design and procedure were almost identical to those used in Experiment 2, 

except for the following changes. First, we simplified the design to a 2 X 6 repeated measures 

design with production modality (produced vs. silent) and serial position (1 – 6) as within-subject 

factors. Second, instead of a 2AFC recognition test, we used an old-new recognition test. After 

each list of target non-words was presented, participants completed a 12-item recognition test 

during which the 6 target non-words and 6 distractors (one similar-sounding distractor per target) 

were presented one at a time in a random order. Using their computer mouse, participants were 

https://www.prolific.com/
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asked to click on the “old” response if they believed the non-word had been studied and on the 

“new” response if they believed the non-word had not been studied.  

Results 

Analyses with all Serial Positions 

 We computed separate 2 X 6 repeated measure ANOVAs for hits, false alarms, and a 

signal detection measure of discrimination (d’) with production modality (produced vs. silent) 

and serial position (1 – 6) as factors (see Figure 6 for the means). For hits, we found decisive 

evidence in favor of an effect of production modality, F(1, 47) = 67.12, p < .001, ηp
2 = .59, BF10 

> 10,000, and in favor of an effect of serial position, F(5, 235) = 12.37, p < .001, ηp
2 = .21, BF10 

> 10,000. However, there was decisive evidence against an interaction between production 

modality and serial position, F(5, 235) = 1.75, p = .12, ηp
2 = .04, BF01 = 528.14. For false alarms, 

there was moderate evidence in favor of both an effect of production modality, F(1, 47) = 9.22, p 

< .01, ηp
2 = .16, BF10 = 8.39, and an effect of serial position, F(5, 235) = 4.87, p < .001, ηp

2 = .09, 

BF10 = 3.98, but decisive evidence against the interaction between production modality and serial 

position, F(5, 235) = 1.49, p = .19, ηp
2 = .03, BF01 = 786.53. Finally, for d’, there was decisive 

evidence in favor of an effect of production modality, F(1, 47) = 24.18, p < .001, ηp
2 = .34, BF10 

> 10,000, moderate evidence against an effect of serial position, F(5, 235) = 3.96, p < .01, ηp
2 = 

.08, BF01 = 3.53, and very strong evidence against the interaction between production modality 

and serial position, F(5, 235) = 1.13, p = .34, ηp
2 = .02, BF01 = 36.68. 

Analyses with Early and Late Serial Positions 

 As in our previous experiments, we transformed the 6-level serial position variable into 

a 2-level factor for hits and d’ by averaging performance at the first and last three serial positions. 

Then, we computed separate 2 X 2 repeated measure ANOVAs for each dependent variable with 

production modality (produced vs. silent) and serial position block (early vs. late) as factors (see 
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Figure 7 for the means). For hits, there was decisive evidence in favor of an effect of production 

modality, F(1, 47) = 67.12, p < .001, ηp
2 = .59, BF10 > 10,000, and decisive evidence in favor of 

an effect of serial position block, F(1, 47) = 30.59, p < .001, ηp
2 = .39, BF10 > 10,000. However, 

there was only anecdotal evidence in favor or against an interaction between production modality 

and serial position, F(1, 47) = 4.37, p = .04, ηp
2 = .09, BF01 = 2.40. For d’, there was decisive 

evidence in favor of an effect of production modality, F(1, 47) = 24.18, p < .001, ηp
2 = .34, BF10 

> 10,000, but moderate evidence against an effect of serial position block, F(1, 47) = 3.86, p = 

.06, ηp
2 = .08, BF01 = 3.01, and against the interaction between production modality and serial 

position block, F(1, 47) = 2.27, p = .14, ηp
2 = .05, BF01 = 3.30.  

Discussion 

 Results from this experiment nicely extended those observed in Experiment 2. Overall 

recognition performance was slightly reduced compared to our previous two experiments, which 

is in slight contrast with results from Yonelinas et al. (1992) who found that performance was 

generally higher in an old-new recognition test compared to a 2AFC. Despite this small overall 

difference in performance, our results once again show a numerically larger benefit for produced 

items at the last serial positions. Specifically, the analyses based on all serial positions revealed 

very strong and decisive evidence against the interaction. However, additional analyses based on 

the early and late serial position blocks were more nuanced, showing anecdotal and moderate 

evidence against said interaction. Overall, these results suggest that the pattern observed in 

Experiment 2 was not due to the use of a 2AFC, and that with short lists, regardless of the 

recognition test used, the production effect does not interact with serial position the same way 

that it does in recall.  
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Experiment 4 

 Results from our last two experiments nicely replicated the overall pattern observed in 

Experiment 1. Thus far, we can conclude that regardless of list length or the recognition test used, 

although the production effect is larger at the last serial positions compared to the first positions, 

the cross-over interaction between the production effect and serial position observed in recall is 

not present in item recognition. However, it could be argued that a change in stimuli from words 

to non-words prevented us from making any further comparisons between our results and what is 

typically observed in recall tasks. The production effect for non-words has been studied with old-

new recognition tasks (e.g., MacLeod et al., 2010; 2022) and with various implicit memory tasks 

(see, Lu & MacLeod, this issue; Mama, this issue). However, to our knowledge, it has never been 

studied with recall tasks. Therefore, it is possible that in recall tasks, the production effect with 

non-words does not interact with serial position. If this happens, item recognition and recall tasks 

would be more similar than different. 

 According to the Revised Feature Model (see, Cyr et al., 2022; Saint-Aubin et al., 2021), 

the production effect in verbal recall tasks should remain consistent across stimuli variations to 

the extent that they are pronounceable. That is, the last produced non-words of the list should still 

benefit from enhanced distinctiveness due to the additional features generated by production. In 

addition, we should still observe a cost for the first produced non-words, whose rehearsal should 

be blocked by production. Unlike what we observed with item recognition tasks in the previous 

experiments, this should result in the absence of an overall production effect and in a cross-over 

interaction between the production effect and serial position. Therefore, Experiment 4 was aimed 

at testing the production effect with non-words and an immediate serial recall task to determine 

the generalizability of the cross-over interaction between the production effect and serial position. 
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Method 

Participants 

 We recruited a sample of 48 participants (32 women, 12 men, 4 non-binary individuals, 

Mage = 25.08, SD = 3.04) from the Prolific platform (https://www.prolific.com/) by using the 

same criteria as our previous 2 experiments. We also assessed task compliance by collecting 

videos from each participant. Participants were paid £4.50, and 14 participants were excluded for 

not submitting videos or following task instructions (e.g., not reading the blue non-words aloud). 

Materials, Design and Procedure 

 The stimuli, design and procedure were identical to those used in Experiment 3, except 

for the memory task. After the presentation of each list of 6 non-words, participants had to 

complete an immediate serial recall task in which they had to recall as many non-words as 

possible from the last encoded list. They were also instructed to recall the non-words in their 

presentation order, from the first non-word to the last. Using their keyboard, participants typed 

the non-words and pressed the enter key after each non-word to register their answer. Then, the 

recalled non-word, if any, left the screen and participants were prompted to recall the following 

non-word. Participants were also able to skip an item by pressing the enter key, but could not 

return to edit any previous answers. Finally, when participants were done recalling the items, they 

pressed the space bar to start the next trial. This procedure was then repeated for all 28 trials.  

Data Analysis and Results 

 Prior to conducting any data analyses, we checked participants’ answers for misspelling 

and corrected all responses that could be identified without ambiguity (e.g., letter repetitions: 

sisske instead of siske; letter omissions: sike instead of siske; or letter substitutions: simke instead 

of siske). All analyses reported below were based on corrected data, and while correcting spelling 

errors marginally increased the overall performance, it had no effect on the pattern of results. 

https://www.prolific.com/
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 We conducted a 2 X 6 repeated measures ANOVA with production modality (produced 

vs. silent) and serial position (1-6) as factors (see Figure 8 for the means). There was very strong 

evidence against an effect of production modality, F(1, 47) = 0.01, p = .91, ηp
2 < .001, BF01 = 

36.18, but decisive evidence in favor of an effect of serial position, F(5, 235) = 16.10, p < .001, 

ηp
2 = .26, BF10 > 10,000, and decisive evidence in favor of the interaction between production 

modality and serial position, F(5, 235) = 22.79, p < .001, ηp
2 = .33, BF10 > 10,000. In addition, 

we conducted a 2 X 2 repeated measures ANOVA with production modality and serial position 

block (early vs. late) as factors (see Figure 9). Once again, there was very strong evidence against 

an effect of production modality, F(1, 47) = 0.01, p = .91, ηp
2 < .001, BF01 = 36.62, along with 

decisive evidence in favor of an effect of serial position block, F(1, 47) = 3.08, p = .09, ηp
2 = .06, 

BF10 > 6,050.34, and decisive evidence in favor of the interaction between production modality 

and serial position block, F(1, 47) = 44.39, p < .001, ηp
2 = .49, BF10 > 10,000. 

Discussion 

 In this experiment, we tested whether the cross-over interaction between the production 

effect and serial position typically observed in recall tasks (see, Dauphinee et al., 2024; Gionet et 

al., 2022) could be extended to non-word stimuli. As predicted, our results nicely replicated the 

cross-over interaction, with an advantage for produced items at the last position and a cost at the 

first positions resulting in the absence of an overall production effect. These results fit well with 

the Revised Feature Model (e.g., Cyr et al., 2022; Saint-Aubin et al., 2021), suggesting that the 

processes underlying this interaction between the production effect and serial position in recall 

are consistent across stimulus types. Most importantly, these results also provide critical evidence 

showing that our results from Experiments 2 and 3 were not due to the use of non-word stimuli 

and highlight the differential impact of task-specific processes on the interaction between the 

production effect and serial position. 



PRODUCTION AND SERIAL POSITION IN RECOGNITION AND RECALL         26 

 

   

 

Combined Analyses 

 Results from our first three experiments revealed a highly consistent and robust pattern: 

Across list lengths, recognition tasks and stimulus types, the production effect in item recognition 

is larger at the last serial positions compared to the first positions. However, our analyses of the 

interaction between production modality and serial position in item recognition had inconsistent 

outcomes. More specifically, in Experiment 1, the interaction was significant with a frequentist 

approach, but the BF ANOVA showed only anecdotal evidence. In Experiment 2, the interaction 

with serial position (1-6) nearly reached significance with the frequentist approach (p = .06), but 

the BF ANOVA showed evidence favoring the null (H0). Finally, in Experiment 3, the 

interaction with serial position block (early vs. late) was significant with hits as the dependent 

variable (BF ANOVA still showed anecdotal evidence), but not with d’. Based on these results, 

we decided to conduct additional analyses by combining data of Experiments 1-3 in order to 

maximize power to detect the interaction between production and serial position (see Figure 10). 

 Echoing the meta-analytic approach used by Fawcett et al. (2023) to combine data from 

studies with different list lengths, we averaged recognition performance at the first and last three 

serial positions. In Experiments 1 and 2, we analyzed the direct and random presentation orders 

together, and in Experiment 3, we chose hits as our dependent variable so that all data would be 

on the same scale. Finally, we computed a 2 X 2 X 3 mixed ANOVA with production modality 

(produced vs. silent) and serial position block (early vs. late) as the within-subject factors, and 

experiment (1 – 3) as the between-subjects factor. There was decisive evidence in favor of an 

effect of production modality, F(1, 141) = 220.58, p < .001, ηp
2 = .61, BF10 > 10,000, decisive 

evidence in favor of an effect of serial position block, F(1, 141) = 16.16, p < .001, ηp
2 = .10, BF10 

= 1,703.03, and very strong evidence in favor of an effect of experiment, F(2, 141) = 11.02, p < 

.001, ηp
2 = .14, BF10 = 44.95. For two-way interactions, there was decisive evidence against an 
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interaction between production modality and experiment, F(2, 141) = 1.09, p = .34, ηp
2 = .02, 

BF01 = 133.54, decisive evidence in favor of an interaction between serial position block and 

experiment, F(2, 141) = 16.20, p < .001, ηp
2 = .19, BF10 > 10,000, and strong evidence in favor of 

an interaction between production modality and serial position block, F(1, 141) = 11.85, p = .001, 

ηp
2 = .08, BF10 = 24.01. Finally, there was decisive evidence against the three-way interaction 

between serial position block, production modality and experiment, F(2, 141) = 0.18, p = .84, ηp
2 

= .002, BF01 = 342.72.  

General Discussion 

In their review paper, MacLeod and Bodner (2017) proposed a list of unresolved issues 

and opportunities. They began their list by mentioning that in the context of pure lists, “one 

important unresolved issue is why production improves recognition and cued recall but not free 

recall.” (p. 393) We subsequently showed that the absence of an effect in free recall was more 

apparent than real: Production enhances recall of the last serial positions while hindering recall of 

the first serial positions (e.g., Cyr et al., 2022; Gionet et al., 2022). The interaction with serial 

position further shows the usefulness of serial positions as a benchmark phenomenon to inform 

working memory theories and models (see, Oberauer et al., 2018).  

In this paper, we systematically tested the presence of a cross-over interaction between 

the production effect and serial position in item recognition. To achieve this, we tried to make the 

recognition task as similar as possible to recall tasks in which an interaction has been reported by 

including a condition in which the items were tested in their presentation order, by reducing list 

length to six items, and by removing the delay between presentation and test. We also used a 

2AFC and an old-new recognition test to ensure that our results were not due to the peculiarities 

of a specific recognition task (e.g., Brady et al., 2023; Yonelinas et al., 1992). Then, we used an 

immediate serial recall task to ensure that the basic cross-over interaction between the production 
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effect and serial position could be observed with non-word stimuli. Finally, we combined the data 

from all our recognition experiments and conducted further analyses to maximize the probability 

of observing the targeted interaction. Overall, results are clear: the production effect in 

recognition is larger at the last serial positions compared to the first positions, resulting in a small 

interaction that is functionally different from the cross-over interaction typically observed in 

recall and order reconstruction tasks. As such our results confirmed those of a recent meta-

analysis (Fawcett et al., 2023) and highlighted the modulation of basic memory processes by 

specific task demands. In addition, our results are also supported by a supplementary analysis of 

other data within the current issue (see, Whitridge et al., 2024).  

The similarities between the current results and those reported in Fawcett’s et al. (2023) 

meta-analysis further show the robustness of the effect. In fact, while this study used a repeated-

measures design, all previous item recognition studies included in Fawcett et al.’s serial position 

analysis used a between-subjects design in which one group read the items aloud and another 

read them silently. The similarity across designs nicely replicated the free recall results of Gionet 

et al. (2022), who extended the pattern previously observed with a repeated-measures design to a 

between-subjects design. Furthermore, the nine datasets used by Fawcett et al. (2023) came from 

five articles published by the same two laboratories and using very similar methodologies. Here, 

it is reassuring that the same results were not only observed with new data from an independent 

laboratory, but also remained consistent across list lengths, recognition tasks and stimulus types.  

It is also worth mentioning that the current results with item recognition tests and verbal 

materials nicely echoed those observed with visual-spatial materials in a recall task. In this 

special issue, Saint-Aubin et al. (2024) sequentially presented a short series of dots at various 

locations on a screen. Participants produced the items by clicking on them at presentation. At 

recall, participants were asked to indicate the location of the dots in their presentation order. 
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Overall, there was a large production effect. Most importantly, as reported here, in some 

experiments, an interaction was observed, but it was not a crossover, and in others it was totally 

absent (e.g., Experiment 3A). Saint-Aubin et al. fit the data with the RFM while maintaining a 

differential rehearsal rate for produced and control items.  

Overall, current results raised an important question: How can we account for the 

dissociation between recall and item recognition tasks in the verbal domain? As a reminder, in 

recall tasks, the detrimental effect of production on the first serial positions has been attributed to 

disrupted rehearsal (Cyr et al., 2022; Dauphinee et al., 2024; Gionet et al., 2022; Saint-Aubin et 

al., 2021). To test this hypothesis in immediate serial recall, Dauphinee et al. manipulated 

presentation rate under the assumption that fast presentation rates would not allow participants to 

rehearse (Bhatarah et al., 2009; Landry et al., 2022; Macken et al., 2016; Tan & Ward, 2000, 

2008). As predicted, there was no cross-over interaction at 500 ms per item, but it was present at 

1000 ms and 2000 ms per item. At 500 ms per item, there was an advantage for produced items 

compared to silently read items on the last serial positions, but no difference was observed on the 

first serial positions. Dauphinee et al.’s (2024) systematic review confirmed these conclusions.  

In their conclusion, after having uncovered the cross-over interaction between the 

production effect and serial position, Saint-Aubin et al. (2021) mentioned that “further research is 

necessary to establish whether these patterns can also be found within paradigms that are more 

typical of episodic memory research.” (p.24). They further suspected that any negative impact of 

production on rehearsal is likely to be complex because of how rehearsal interacts with many 

factors including recall order. This view was echoed by Ward (2022) who acknowledged that it is 

difficult to fully understand the functions of rehearsal without considering the specificity of the 

tasks in which it is assumed to be involved. For instance, it has been suggested that rehearsal can 

increase the strength of item representations in long-term memory tasks (e.g., Greene, 1987) or 
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contribute to maintaining items in serial order in a highly accessible state in short-term recall 

tasks (e.g., Baddeley, 1986; Barrouillet, Bernardin, & Camos, 2004).  

After reviewing data relevant to five long-term memory tasks, Greene (1987) concluded 

that the effects of rehearsal are more obvious in long-term recognition than in recall tasks. This 

conclusion was later modified by Hartshorne and Makovski (2019), suggesting that the beneficial 

effect of rehearsal was similar for recall and recognition tasks. Therefore, the differential impact 

of production as a function of serial position in recall and recognition tasks cannot be attributed 

to a lack of rehearsal in recognition. As suggested by Ward (2022), although rehearsal has a large 

impact in many tasks, it may arise for different reasons. For instance, in immediate serial recall 

and order reconstruction, the role of order information is self-evident. Similarly, the role of order 

information in free recall performance is well established (Beaman & Jones, 1998; Ward & Tan, 

2023). Therefore, one possible explanation for the cross-over interaction in verbal recall tasks not 

replicating in item recognition would be the dual cost of production in recall tasks. Under this 

view, in recall, produced items would suffer more from the lack of rehearsal because saying the 

items aloud would disrupt both order information and item strengthening, while in recognition it 

would only disrupt item strengthening. This larger cost would account for the detrimental effect 

of production on the first serial positions in recall tasks and for the smaller production effect at 

the first serial positions compared to the last positions in item recognition.  

Another possible account for the difference between recall and recognition would be to 

assume that participants do not rehearse the same way in both tasks. Under this view, rehearsal 

would be calling upon the same processes as those involved in retrieval (e.g., Laming, 2006; 

Ward, 2022). As Ward (2022) nicely put it: “this approach constrains the variety of different 

retrieval strategies available at rehearsal to the different retrieval strategies available at test and 

may set limits on the upper bounds of when serial rehearsal remains effective”. (p.51) Further 
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research is needed to test this hypothesis. Critically, participants could be presented with a list of 

items and only informed at test whether it would be a recall or a recognition task. This strategy 

has successfully been used to highlight processing differences as a function of foreknowledge of 

recall conditions (Guitard et al., 2020). As of yet, results are compatible with all current models 

of the production effect in item recognition (see, Caplan & Guitard, 2024; Jamieson et al., 2016; 

Kelly et al., 2022; Wakeham-Lewis et al., 2022). Furthermore, although the RFM does not apply 

to item recognition, it has been able to account for recall of visual-spatial information interacting 

with serial position in a similar way to what is observed here (Saint-Aubin et al., 2024). The 

critical test for models would be to account for both recall and recognition at the same time.    

Conclusion 

The current study proposed the first comprehensive test of the interaction between 

production and serial position in recognition tests while using methods as similar as possible to 

recall. Over all three item recognition experiments, results revealed a large and reliable beneficial 

effect of production with pure lists, thus reproducing previous work in the field (Fawcett, 2013; 

Fawcett et al., 2023). This demonstration by itself is important because it had previously been 

argued that the production effect could not be observed with pure lists (e.g., Hourihan & 

MacLeod, 2008; MacLeod et al., 2010; Ozubko & MacLeod, 2010). Here, we showed that not 

only can a beneficial effect of production be observed with pure lists and a between-subjects 

design, but it can also be observed with a within-subject design. Most importantly, we showed 

that the interaction between production and serial position is functionally different in recall and 

item recognition tasks. Specifically, across list lengths, recognition tasks and stimulus types, we 

found that the production effect in item recognition is larger at the last serial positions compared 

to the first positions. In addition, after combing the data from all three recognition experiments, 

we were able to show, for the first time, clear evidence in favor of an interaction between the 
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production effect and serial position in item recognition. Finally, after conducting an additional 

experiment in immediate serial recall, we highlighted the impact of task-related demands on the 

memory processes underlying this interaction between production and serial position. Overall, 

following Ward’s (2022) suggestion, it appears that rehearsal processes impact performance in 

recall and recognition tasks differently. In fact, each task is likely to maximize these rehearsal 

processes differently. Once more, the production effect demonstrates its usefulness in uncovering 

key memory processes. 
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Table 1 

Means and Standard Deviations (in Parentheses) for the Number of Parity Judgment Attempts 

and the Proportion of Correct Parity Judgments in Experiment 1. 

Condition Number of attempts Proportion correct 

Production modality   

Produced 43.55 (6.14) 0.97 (.02) 

Silent 43.14 (6.29) 0.96 (.03) 

Presentation order at test   

Direct order 43.21 (6.11) 0.97 (.02) 

Random order 43.48 (5.93) 0.96 (.03) 
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Figure 1 

Performance for produced and silent items as a function of serial position and memory task. 

 

Note. Panel A = Immediate serial recall (Macken et al., 2016), Panel B = Order reconstruction 

(Saint-Aubin et al., 2021), Panel C = Free recall (Engle et al., 1989). 
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Figure 2 

Mean Item Recognition Performance in Experiment 1 as a function of Production Modality, 

Presentation Order at Test, and Serial Positions 

 

Note. Panels A and B = Direct presentation order. Panels C and D = Random presentation order. 

Error bars represent 95% confidence intervals computed according to Morey’s (2008) procedure. 
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Figure 3 

Mean Item Recognition Performance in Experiment 1 as a function of Production Modality, 

Presentation Order at Test, and Serial Position Block 

Note. Red = Produced, Blue = Read silently. Panel A = Direct presentation order. Panel B = 

Random presentation order. Early positions and Late positions represent the first and last three 

serial positions. Error bars represent 95% confidence intervals computed according to Morey’s 

(2008) procedure. 
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Figure 4 

Mean Item Recognition Performance in Experiment 2 as a function of Production Modality, 

Presentation Order at Test, and Serial Positions 

 

Note. Panels A and B = Direct presentation order. Panels C and D = Random presentation order. 

Error bars represent 95% confidence intervals computed according to Morey’s (2008) procedure. 
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Figure 5 

Mean Item Recognition Performance in Experiment 2 as a function of Production Modality, 

Presentation Order at Test, and Serial Position Block 

 

Note. Red = Produced, Blue = Read silently. Panel A = Direct presentation order. Panel B = 

Random presentation order. Early positions and Late positions represent the first and last three 

serial positions. Error bars represent 95% confidence intervals computed according to Morey’s 

(2008) procedure. 
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Figure 6 

Mean Hit Rate, False Alarm Rate and d’ in Experiment 3 as a Function of Production Modality 

and Serial Position 

 

Note. Error bars represent 95% confidence intervals computed according to Morey’s (2008) 

procedure. 
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Figure 7 

Mean Item Recognition Performance (Hits and d’) in Experiment 3 as a function of Production 

Modality and Serial Position Block 

 

Note. Red = Produced, Blue = Read silently. Panel A = Hits. Panel B = d’. Early positions and 

Late positions represent the first and last three serial positions. Error bars represent 95% 

confidence intervals computed according to Morey’s (2008) procedure. 
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Figure 8 

Mean Immediate Serial Recall Performance in Experiment 4 as a function of Production 

Modality and Serial Positions 

 

Note. Error bars represent 95% confidence intervals computed according to Morey’s (2008) 

procedure. 
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Figure 9 

Mean Immediate Serial Recall Performance in Experiment 4 as a function of Production 

Modality and Serial Position Block 

 

Note. Red = Produced, Blue = Read silently. Early positions and Late positions represent the first 

and last three serial positions. Error bars represent 95% confidence intervals computed according 

to Morey’s (2008) procedure. 
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Figure 10 

Production Effect (Produced – Silent) in All Experiments as a Function of Serial Position Block 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Note. Error bars represent 95% confidence intervals computed according to Morey’s (2008) 

procedure. Early positions and Late positions represent the first and last three serial positions. In 

Experiments 1 and 2, direct and random presentation orders were combined. In Experiment 3, the 

production effect (produced – silent) was computed based on hit rates. 


