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Abstract 

 

There is robust evidence that individuals can direct their attention towards valuable 

information in working memory. However, the cognitive mechanisms underlying such effects 

are still under debate. Whilst attentional refreshing is considered to at least partially drive the 

effect, research has yet to establish whether other processes also contribute. One possibility is 

that participants preferentially encode high value information, creating a stronger 

representation relative to other information presented. We tested this hypothesis in two 

experiments. Participants completed a visual working memory task, which involved 

remembering the color of shapes for a brief period of time. During the encoding phase 

participants’ eye movements were recorded to assess fixation behaviors. Participants were 

then presented with one shape and asked to report the color as accurately as possible on a 

color wheel. In Experiment 1, participants experienced trials where one particular item was 

more valuable (i.e., worth more notional points than the rest), or trials where all items were of 

equal value. In Experiment 2, each item within a trial differed in its value in a graded manner 

(i.e., 1-2-3-4 points). Across both experiments, participants exhibited the lowest recall error 

for the highest value information. Moreover, participants spent significantly longer fixating 

high value items during the encoding phase relative to other items, and often encoded high 

value items first. These eye movement behaviors partially mediated the effect of value on 

recall error. Taken together, these experiments rule out the possibility that maintenance 

mechanisms solely drive value-based prioritization effects, demonstrating an important role 

of attention during encoding.  

 

Keywords: working memory, value-based prioritization, value-driven prioritization, strategic 

prioritization, reward, attention, eye movements 

Highlights: 

1. Participants encode high value information more strongly than other information 

2. High value items are often fixated on first (resulting in a “primacy-like” effect) 

3. Participants fixate longer on high value items during encoding  

4. Encoding strategies partly drive value-based prioritization effects in working memory 

5. Value-based prioritization cannot solely be explained by maintenance mechanisms 
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How do individuals direct attention to particularly valuable information in working 

memory tasks? Evidence from eye-tracking 

 

Working memory (WM) is a system that temporarily stores and processes a limited amount 

of information for a brief period of time (Baddeley et al., 2021; Cowan, 2017). It is 

considered crucial for a wide range of cognitive activities, including decision-making (Cui et 

al., 2015), reasoning (Kyllonen and Christal, 1990; Süß et al., 2002), and learning (Cowan, 

2014). As the capacity of working memory is extremely limited, the ability to focus attention 

on particularly important or goal-relevant information is vital (Allen et al., 2025; Oberauer & 

Hein, 2012). Indeed, a close relationship between working memory and attention has been 

demonstrated in the literature (e.g. Allen et al., 2017; 2025; Awh & Jonides, 2001; Oberauer, 

2019; Vogel et al., 2005), with attention forming a key aspect of most prominent working 

memory models (e.g. Allen et al., 2026; Baddeley et al., 2021; Barrouillet & Camos, 2021; 

Cowan, 1999; Cowan et al., 2021; Engle, 2002; Hitch et al., 2025; Oberauer, 2002; 2013).  

 

A large body of research has now demonstrated that individuals can direct their attention to 

particular items in working memory (see Allen et al., 2025 and Souza & Oberauer, 2016 for 

reviews), thereby ensuring they remain at least briefly accessible in conscious awareness 

(Allen et al., 2026; Cowan et al., 2025). Studies examining this ability have often used visual 

cues (e.g. arrows), which inform participants which item will, or is more likely to, be tested at 

retrieval (Souza & Oberauer, 2016). In recent years, value-based prioritization has also been 

increasingly used to explore the ability to direct attention in working memory (e.g. Allen & 

Ueno, 2018; Atkinson et al., 2018; 2021; 2022; 2024; Hautekiet et al., 2024; Hitch et al., 

2018; Hu et al., 2014; 2016; Sandry et al., 2014; Sandry & Ricker, 2020; Vergauwe et al., 

2025). In this paradigm, participants are presented with items to remember for a short period 

of time. Typically, prior to encoding, participants are told that one (or more) items are 

relatively more valuable than the others. Performance is then compared to a condition in 

which another item is more valuable (e.g. Hu et al., 2014; 2016), or a condition in which all 

items presented are of equal value (e.g. Atkinson et al., 2018; 2021; 2022; 2024; 2025). 

Value is typically manipulated by attributing notional points to the items. In such tasks, 

participants typically show superior memory for high value items relative to low value items 

(e.g. Atkinson et al., 2022; Hu et al., 2014; 2016), or a condition in which all items are of 

equal value (e.g. Atkinson et al., 2018; 2021; 2022; 2024; 2025). Prioritization boosts for 

high value information does, however, typically come at a cost to low value information, 
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which is not remembered as accurately (Allen et al., 2025; Atkinson et al., 2021; 2022; 2025; 

Vergauwe et al., 2025). As such, prioritization does not appear to increase overall working 

memory capacity, with effects instead thought to emerge from a re-allocation of attention 

towards high value item(s) and away from less valuable items (Allen et al., 2025; Atkinson et 

al., 2022; Hitch et al., 2020).  

 

Value-based prioritization effects in working memory have been demonstrated across a wide 

variety of task contexts. For example, existing studies have demonstrated that individuals can 

prioritize valuable information across a range of presentation methods (e.g. simultaneous and 

sequential presentation; e.g. Allen & Ueno, 2018; Atkinson et al., 2019; 2022; Hu et al., 

2014; 2016) and modalities (e.g. visual, verbal, tactile, and cross-modal representations; 

Atkinson et al., 2018; 2021; Cinar et al., 2025; Roe et al., 2024; Sandry et al., 2014). 

Moreover, individuals can direct their attention in a highly graded manner when all items 

differ in their value (i.e. point values of 1-2-3-4 are used) (Allen & Ueno, 2018), and are also 

able to prioritize multiple items concurrently (Allen & Ueno, 2018; Hitch et al., 2018). 

Finally, whilst most research has studied young non-clinical adult samples, value-based 

prioritization effects have also been demonstrated in a number of other groups, including 

healthy older adults (Allen et al., 2021), children (Atkinson et al., 2019), and individuals with 

symptoms of ADHD (Atkinson et al., 2025).  

 

Although there is robust evidence that individuals can prioritize valuable information in 

working memory (Allen et al., 2025), the cognitive mechanisms underlying such effects are 

not well understood. One potential mechanism is verbal rehearsal. However, within visual 

tasks (which have most commonly been used to examine value-based prioritization; Allen et 

al., 2025), articulatory suppression is commonly implemented to disrupt participants’ ability 

to verbally recode and rehearse information (e.g. Atkinson et al., 2018; Hu et al., 2014; 

2016). Despite this, large prioritization effects are typically observed (Allen et al., 2025), 

suggesting verbal rehearsal is unlikely to play a critical role. Indeed, the role of verbal 

rehearsal has been considered more directly in studies which have compared value-based 

prioritization effects across conditions which do, and do not, require articulatory suppression. 

Using visually presented verbal information (letters), Sandry et al. (2014) found no 

significant difference in the size of prioritization effects when participants did, and did not, 

engage in articulatory suppression (Sandry et al., 2014). Further, Atkinson et al. (2021) found 

that value-based prioritization effects were larger in size when participants engaged in 
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articulatory suppression during a task requiring retention of auditorily-presented digits. Thus, 

it appears unlikely that verbal rehearsal is the main mechanism driving value-based 

prioritization effects in working memory.   

 

Although the cognitive mechanisms involved in value-based prioritization were not directly 

examined, a study by Hu et al. (2016) provides relevant insights. Hu et al. (2016) 

demonstrated that value-based prioritization effects were either reduced in size or abolished 

when participants engaged in an attentionally-demanding concurrent task during encoding 

and maintenance. This suggests that value-based prioritization effects in working memory are 

reliant on an attentionally-demanding process that occurs during encoding, maintenance, or 

across both phases. Based on such findings, several potential mechanisms have been 

proposed to explain value-based prioritization effects (Hu et al., 2016). One such mechanism 

is attentional refreshing (Allen et al., 2025; Atkinson et al., 2021; Hu et al., 2016; Sandry et 

al., 2014). Attentional refreshing is a domain-general mechanism that involves participants 

“thinking of” particular items during the retention interval (Camos et al., 2018). This 

maintenance mechanism is separable from verbal rehearsal (Camos et al., 2009; Camos & 

Barrouillet, 2014; Mora & Camos, 2015) and is considered to be crucially reliant on attention 

(Camos & Barrouillet, 2014; Camos et al., 2018). It has been suggested that when one item is 

more valuable, participants may adopt a biased attentional refreshing approach, refreshing 

this item more frequently and/or for longer periods of time relative to other to-be-

remembered information (Allen et al., 2025; Atkinson et al., 2021; Hu et al., 2016; Sandry et 

al., 2014).  

 

This hypothesis was tested by Atkinson et al. (2022), by combining the value-based 

prioritization task with a directed-refreshing paradigm developed by Souza and colleagues 

(Souza et al., 2015; 2018; Loaiza & Souza, 2022; Vergauwe et al., 2024). Participants were 

presented with arrays of four colored shapes, to be remembered for a brief period. 

Participants were then presented with one of the shape outlines and asked to report the color 

it had previously been presented in using a color wheel. As in the typical value-based 

prioritization paradigm, participants were told the point values associated with each item 

prior to encoding. In some trials, all items were equally valuable. In other trials, one of the 

items was more valuable (i.e. worth more notional points) than the rest. During maintenance, 

the screen either remained blank or arrow cues were presented which pointed to the spatial 

location in which items had appeared during encoding. In trials where arrow cues were 
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presented, the to-be-tested item was either cued or not cued (uncued). In trials where cues 

were presented during maintenance, participants were told to think of the cued item for the 

entire duration the cue was presented. If participants were already preferentially refreshing 

the high value item, they should receive no additional boost when instructed to refresh this 

item, whereas they should receive a boost for equal and low value items. Alternatively, if a 

biased attentional refreshing process does not drive the value boost, instructions to refresh 

should enhance performance of all items to a similar extent. Support for the former was 

observed, with instructions to refresh enhancing memory for the equal and low value items, 

but not the high value items. This was taken as evidence that a biased attentional refreshing 

approach at least partially explains participants’ ability to prioritize valuable information in 

working memory (Atkinson et al., 2022).   

 

However, it is possible (and indeed likely) that other mechanisms are also involved in 

generating value-based prioritization effects in working memory (e.g. Allen & Atkinson, 

2021; Allen et al., 2025). As the point values are typically presented in advance of encoding, 

one possibility is that participants encode the high value item with greater strength relative to 

other items in the array or sequence (Allen et al., 2025). For example, when items are 

presented simultaneously, participants may preferentially encode the high value item by 

spending longer fixating on this item during encoding. This would likely result in better 

memory for high value items, as previous research has suggested that memory performance 

improves as the proportion of encoding resource assigned to an item increases (Bays & 

Husain, 2008). Existing studies do provide some indirect evidence to suggest an important 

role of encoding processes. For instance, although large value-based prioritization effects are 

typically observed when value information is presented in advance of encoding (see Allen et 

al., 2025), effects are not consistently observed when value information is presented after 

encoding (Allen & Atkinson, 2021; Jeanneret et al., 2023; Hautekiet et al., 2024). This may 

suggest that behaviors that participants engage in during the encoding phase are an important 

driver of value-based prioritization effects. However, it is important to note that prospective 

and retrospective prioritization methods are not entirely comparable, with smaller 

retrospective prioritization effects potentially reflecting items being less accessible when the 

value information becomes available (Allen & Atkinson, 2021; Allen et al., 2025). Thus, 

although there is some evidence that encoding processes may be important in generating 

value-based prioritization effects, the empirical evidence thus far provides only indirect 

support for this hypothesis. Further research is therefore needed to more directly examine this 
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possibility. Such findings would provide important theoretical insights into the cognitive 

mechanisms underlying value-based prioritization effects (Atkinson et al., 2022; Allen et al., 

2025), as well as providing important insights into how individuals direct attention in 

working memory more generally. 

 

A pair of experiments were therefore conducted to examine how participants direct attention 

in working memory in a value-based prioritization task, by examining eye movements during 

the encoding phase. In recent years, a number of studies have utilized eye-tracking to 

investigate working memory processes (e.g. Bhanap et al., 2025; Loaiza & Souza, 2022; 

Morey et al., 2018; Nikolov et al., 2025; Souza et al., 2020; Ueno & Allen, 2025). However, 

there have not yet been any studies utilizing eye-tracking to understand value-based 

prioritization effects in working memory. Moreover, very little research has utilized eye-

tracking to examine how individuals direct attention in working memory more generally 

(Matsukura et al., 2007; Ueno & Allen, 2025). Experiment 1 explored how participants’ eye 

movements vary as a function of value, and whether eye movements drive value-based 

prioritization effects. Experiment 2 then examined whether eye movements are involved in 

generating value-based prioritization effects when value is manipulated in a more fine-

grained manner (i.e., each item in the array is worth a different number of points, ranging 

from 1-4; Allen & Ueno, 2018).  

 

Experiment 1 

 

Participants completed a visual working memory task, which involved remembering arrays of 

four unique shapes presented simultaneously for a brief period of time. The outline of one 

shape was then presented at test, and participants were asked to reproduce the color this item 

had previously been presented in using a color wheel. This approach is similar to that taken 

by Atkinson et al. (2022), who investigated the extent to which biased attentional refreshing 

can account for value-based prioritization effects in working memory. Prior to encoding, 

participants were presented with numbers in the locations of the four to-be-presented items, 

which corresponded to the number of points participants would obtain if they were asked 

about the item presented at that spatial location and they responded with a sufficient level of 

accuracy (Allen & Ueno, 2018; Atkinson et al., 2022). Across trials, the items could be 

subjected to one of three point value conditions: “High”, “Low”, and “Equal”. In some trials, 

all items were equally valuable (i.e. worth the same number of notional points; “Equal”). In 
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other trials, one of the items was more valuable (i.e. worth more notional points; “High”) 

than the rest (“Low”). Eye movements were recorded throughout the trials, though we were 

particularly interested in behaviors during the encoding phase.  

 

In line with previous studies, it was expected that a value-based prioritization effect would 

emerge, with participants showing the lowest recall error for high value information, 

intermediate for equal value information, and the highest recall error for low value 

information (e.g., Atkinson et al., 2022). Of particular interest was whether participants 

would spend a greater amount of the encoding phase fixating high value items relative to 

equal or low value items, and whether such patterns would drive the effects of value on task 

performance. Moreover, we examined the extent to which participants fixated the high value 

item first, and whether this also acted as a mediator.  

 

Method 

 

Participants 

 

A power calculation was conducted in G*Power (Faul et al., 2007) for a repeated measures 

one-way ANOVA with three value levels (High, Equal, Low). Based on a medium effect size 

(f = 0.25) and alpha set to 0.05, a sample of 36 participants was required to provide 90% 

statistical power. Forty-one participants completed the experiment. All participants confirmed 

they were between 18-35 years of age, had normal or corrected-to-normal vision, no color 

blindness, English as a first language, and no literacy difficulties (e.g., dyslexia) or 

neurological conditions. Thirty-six participants provided demographic information (M.age = 

22.39, SD = 4.10; Gender: 29 women, 6 men, 1 non-binary). One participant was excluded 

from the study due to a computer failure. A further two participants were removed from all 

analyses, as the percentage of trials with no recorded fixations during the encoding phase of 

the task was 2.5 standard deviations above the mean. The final analysis was therefore 

performed on data from 38 participants, of which 33 provided demographic data (M.age = 

22.33, SD = 4.17; Gender: 26 women, 6 men, 1 non-binary). Ethical approval was granted by 

the Faculty of Science and Technology Ethics Committee at Lancaster University (Ref. 

number: FST-2022-0660).  

 

Design, Materials, and Procedure 
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Value was the independent variable (within-subject), with three levels (High, Equal, Low). 

The main dependent variables were recall error and the proportion of time participants spent 

fixating on items during the encoding phase. 

 

The experiment was run using PsychoPy 3 (Peirce et al., 2019) on a desktop computer 

(screen resolution = 1920 x 1080 pixels), with eye movements recorded using a Tobii Pro 

X3-120 Eye Tracker (sampling at 120hz). Participants completed one in-person session. 

Participants first completed a 6-point calibration. They then completed the memory task. The 

experimental paradigm used is displayed in Figure 1A. Participants were first presented with 

a blank screen for 1000ms, followed by the word “la” for 1000ms. They were asked to repeat 

this aloud until the test phase to disrupt verbal recoding. Compliance was monitored by a 

research assistant who remained present throughout the testing session. Participants then saw 

a fixation cross for 500ms, followed by a blank screen for 1000ms. Next, the point values 

were presented for 2000ms. After a blank delay of 500ms, the four colored shapes were 

presented for 2000ms. In each array, a square, circle, triangle and cross were presented 

simultaneously (each measuring approximately 1.3° visual angle, based on a viewing 

distance of 50cm). Each shape was presented at one of four spatial locations, positioned at the 

corners of an imaginary square measuring approximately 22x22° visual angle located at the 

center of the screen, based on a viewing distance of 50cm. The colors of the shapes were 

randomly selected from 360 values, evenly spaced around a circle in the CIELAB color space 

(L = 70, a = 20, b = 38, radius = 60), with the constraint that colors presented within each 

trial could not be within 40° of each other. There was then a blank retention interval. The 

duration of this retention interval differed marginally between trials due to very slight 

variability in the time taken by the experimental software to draw the color wheel that was 

presented at test (M. across participants = 2130ms, SD across participants = 7ms, Range 

across participants = 2116-2145ms). The test phase then commenced, with the presentation of 

one of the shapes at the center of the screen (measuring approximately 1.3° visual angle, 

based on a viewing distance of 50cm). Each of the shapes were equally likely to be probed. 

The probed item was surrounded by a color wheel, presented as an annulus with inner radius 

of 25% of the screen height and an outer radius of 33% of the screen height, with a random 

rotation on every trial. Participants were asked to reproduce the color of the probed shape as 

accurately as possible by clicking on the color wheel using a mouse. There was no time limit. 

As in previous studies (see Allen et al., 2025), feedback was not provided. Eye movements 
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were recorded throughout the trial. Eye movements were recorded from both eyes and 

averaged. For samples where there was data from only a single eye, that eye was used.  

 

Figure 1 

The Experimental Paradigm Used in Experiment 1 (Panel A) and Experiment 2 (Panel B) 

 

Note. The number (1 or 4 in Experiment 1, 1-4 in Experiment 2) reflects the point values 

associated with the item appearing at that spatial location. Figure not to scale. 
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As part of the instructions, participants were told that the numbers appearing before the items 

indicated the number of points participants would collect if they were asked about that item 

and they responded accurately (i.e. “1” indicates the item appearing at that spatial location 

was worth 1 point, “4” indicates the item appearing at that spatial location was worth 4 

points). Participants were explicitly informed that the point values would not predict which 

item would be tested. As in Atkinson et al. (2022), the precise level of accuracy required to 

collect the points was not specified to ensure participants responded as accurately as possible. 

In the equal value arrays, all numbers in the array were “1”, indicating that all items were 

worth one point. In the differential value arrays, one item was worth four points (indicated by 

the number “4”), whilst the other items were worth one point (indicated by the number “1”). 

This resulted in three value conditions: (i) “Equal” value - where all items in the array were 

worth the same number of points; (ii) “High” value - items worth 4 points in arrays where 

one item differed in value relative to the rest; and (iii) “Low” value – items worth 1 point in 

arrays where one item differed in value relative to the rest. In the trials where items differed 

in their value, the spatial location of the high value item was counterbalanced. As in previous 

studies (see Allen et al., 2025), points were notional and not linked to a meaningful reward 

(e.g., money).  

 

Participants completed 220 test trials in total. There were 44 test trials where all items were 

equally valuable, and 176 test trials where one item differed in its value relative to the rest. 

As each item in the array was equally likely to be tested, the High value item was tested on 

44 test trials (out of 176 where one of the items differed in its value) and a Low value item 

was tested on 132 test trials (out of 176 where one of the items differed in its value). Thus, 

there were an equivalent number of trials where High and Equal value items were tested, and 

necessarily many more trials in which a Low value item was tested. All trial types were 

intermixed. Each of the four spatial locations were tested an equal number of times within 

each value condition. Participants completed five practice trials at the start of the experiment, 

which were not analyzed.  

 

Data Analysis 

 

Data and analysis scripts for both experiments are available at https://osf.io/4fk9m. All 

analyses were conducted in R.  

 

https://osf.io/4fk9m
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Analyses were first conducted on the task outcomes. The main dependent variable in this 

analysis was recall error, calculated as the deviation between the correct color and the color 

selected, which ranged between −180° to 180°. Recall error was computed as the absolute 

value of this deviation. Frequentist analyses were conducted using the afex (Singmann et al., 

2023) and emmeans (Lenth, 2023) packages. Where necessary, Greenhouse-Geisser (GG) 

corrections were made. Outcomes from post-hoc tests were corrected for multiple 

comparisons using the Bonferroni-Holm method. Bayes Factor (BF) analyses were also 

conducted using the BayesFactor package (Morey & Rouder, 2022). BF analysis indicates 

the strength of evidence for the presence or absence of an effect. Bayesian ANOVAs were 

conducted using default priors, with the number of iterations set to 500,000 and the parameter 

which_model set to “top”. Reported BF10 values indicate the support for the alternate model 

over the null model, where values over 3 are typically interpreted as providing substantial 

evidence in support of that model, and values below 1/3 are taken as greater support for the 

null model. Our conclusions are primary based on the frequentist outcomes, but we draw 

readers attention to instances where interpretation would differ if conclusions were based on 

the BF analyses. Behavioral analyses were conducted using data for all trials for participants 

included in the final sample (N = 38).1 The supplementary materials report analyses of 

response times to ensure that any effect of value on recall error was not due to a speed-

accuracy trade off, whereby participants might respond more precisely because they took 

longer to give their answer. However, there was no evidence of a speed-accuracy trade off in 

either experiment.  

 

The data were fit using a Bayesian implementation of the three-component mixture model 

(Bays et al., 2009) using the bmm package (Frischkorn & Popov, 2025) to establish whether 

any value effects observed reflect an increased probability of recalling the target item, 

increased precision, decreased probability of recalling a non-target item, or decreased 

guessing. The model was fit using four chains, each with 2,500 warm up samples (which 

were discarded), and 2,500 samples that were used, giving a total of 10,000 samples. Chain 

convergence was assessed using the Gelman–Rubin 𝑅"  statistic (Gelman & Rubin, 1992). This 

 
1 Behavioral analyses were also conducted excluding trials with no recorded fixations during 

the encoding phase (to match the eye-tracking analyses described below), as well as 

including the two participants who were excluded from analyses due to poor tracking (N = 

40; see supplementary materials).  
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indicated good convergence (all 𝑅" values = 1.00). Differences in posterior distributions were 

computed for comparisons of interest. Differences were judged as credible if the 95% highest 

density interval did not cross zero. The “probability of direction” (pd) statistic was also 

computed using bayestestR (Makowski et al., 2019). This indicates the proportion of the 

posterior distribution that is in the same direction as the median (minimum = 0.5, maximum 

= 1; Kelter, 2020). As with the main behavioral analyses, modelling was run using data for all 

trials from participants included in the final sample (N = 38). 

 

Next, we analyzed the eye-tracking data. Eye data were processed using the eyetools package 

(Beesley & Ivory, 2025). Fixations were identified with the maximum tolerance for 

dispersion (in pixels) set to 75. The minimum duration of fixations was set at the default of 

150ms. Areas of interest were 300x300 pixels around the center of each to-be-remembered 

item. In the final sample (N = 38), the mean percentage of missing samples during the 

encoding phase was 1.32% (SD = 1.70), whilst the mean percentage of trials that had no 

recorded fixations during this phase was 0.80% (SD = 2.56). Trials were excluded where 

there were no detected fixations during the encoding phase. Following this, the mean number 

of fixations per trial in the encoding period was 4.93 (SD = 0.75, Range = 3.14-6.36).  

 

The main dependent variable of interest in the eye-tracking analyses was the total proportion 

of time participants spent fixating on an item during encoding. Both Frequentist and Bayesian 

analyses were conducted, as described above. Mediation analysis was conducted to 

investigate whether the relationship between value and recall error was mediated by the 

proportion of time participants spent fixating on the tested item during the encoding phase. 

This was conducted separately for each of the value pair comparisons: the overall value effect 

(Low vs High value), the value boost (Equal vs High value), and the value cost (Equal vs 

Low value). Indirect effects and the proportion mediation were computed using the mediation 

package (Tingley et al., 2014), with the number of simulations set to 5,000. All models 

included a random intercept of participant ID. 

 

Analyses were then conducted to investigate whether the proportion of trials in which 

participants fixated on the High value item first was greater than expected based on an equal 

distribution (0.25). This factor was also explored as a mediator using the same approach 

outlined above.  
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A number of subsidiary analyses were then conducted. Evidence that the proportion of time 

participants spent fixating on an item during encoding differed as a function of value could 

reflect: (i) participants fixating on higher value items more frequently; (ii) participants having 

longer fixations towards higher value items; or (iii) a combination of the above. Thus, where 

there was evidence that the total proportion of time participants spent fixating on an item 

during the encoding phase differed as a function of value, further analyses were conducted to 

delineate between these possibilities. These analyses are reported in the supplementary 

materials. 

 

For completeness, we also analyzed whether the total proportion of time participants spent 

fixating on an item during maintenance (the period following encoding where no stimuli were 

present in the display) differed as a function of the value of items that had appeared in those 

locations. We also examined this factor as a potential mediator. The outcomes are presented 

in the supplementary materials.  

 

Results 

 

Recall Error 

 

Mean recall error is displayed in Figure 2A as a function of value. Meanwhile, Figure 2B 

displays the difference in recall error between the three value conditions. A one-way repeated 

measures ANOVA on the factor of value (High, Equal, Low) revealed a significant effect of 

value (GG-corrected, F(1.23, 45.37) = 65.61, MSE = 277.36, p < .001, 𝜂!
" = .64; BF10 > 

10,000). Post-hoc tests revealed significantly lower recall error for High value items (M = 

32.8, SE = 2.43) relative to Equal value (M = 58.5, SE = 2.61; p < .001, d = -1.28; BF10 > 

10,000) and Low value (M = 65.2, SE = 2.59; p < .001, d = -1.40; BF10 > 10,000) items. 

Recall error was also significantly lower for equal value items relative to low value items (p 

< .001, d = -0.75; BF10 = 474.33). 

 

Figure 2 

Task Performance in Experiment 1 
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Note. Panel A displays mean recall error, as a function of value (lower recall error reflects 

better performance). Panel B displays the mean difference between the three value 

conditions. The dotted line at 0 in Panel B reflects no difference. Values above 0 indicate 

higher recall error (i.e. worse performance) in the first condition listed, whilst values below 0 

indicate lower recall error (i.e. better performance) in the first condition listed. Across panels, 

bold points reflect the mean across participants, while lighter circles in the background show 

each participant’s mean. Error bars show +/- 1 standard error (SE) of the mean. 

 

Bayesian Mixture Modelling  

 

The parameter estimates from the hierarchical Bayesian mixture model are displayed in 

Figure 3A, as a function of value. The differences in posterior distributions were calculated 

between all three value conditions (High vs Low, High vs Equal, Equal vs Low). The median, 

95% highest density intervals, and distributions are presented in Figure 3B. The modelling 

revealed that the probability of recalling the target item was higher in the High value 

condition, relative to Equal and Low value conditions (pd = 1.000 for both comparisons). The 

probability of recalling the target item was also higher in the Equal value condition relative to 

the Low value condition (pd = .998). The probability of recalling a non-target item was lower 

in the High value condition than the Equal value condition (pd = .999), with no credible 

differences between the other conditions (High vs Low, pd = .940; Equal vs Low, pd = .938). 

Furthermore, the probability of guessing was lower in the High value condition than the 

Equal and Low value conditions (pd = 1.000 for both comparisons), and was also lower in the 

Equal value condition than the Low value condition (pd = .999). Finally, precision was 

higher in the High value condition than the Equal (pd = .993) and Low value conditions (pd = 

.996), with no credible difference between the Equal and Low value conditions (pd = .677). 
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Figure 3 

Outcomes from the Bayesian Mixture Modelling in Experiment 1 

 

Note. Panel A: Estimates from the hierarchical Bayesian mixture modelling as a function of 

value. Points reflect the median, whilst error bars display 95% highest density intervals. 

Panel B: Difference between the posterior distributions for the parameters in the Bayesian 

mixture modelling. For each parameter, differences are displayed for all comparisons 
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between the value conditions (High vs Low, High vs Equal, Equal vs Low). The black circle 

displays the median, the black horizontal bar shows the 95% highest density intervals, and 

the color shading reflects the distribution. The grey vertical line at 0 reflects no difference. In 

both panels, facets from top to bottom show: probability of recalling the target item, 

probability of recalling a non-target item, probability of guessing, and precision. 

 

Eye-Tracking Outcomes 

 

Encoding Fixation Duration. Figure 4A displays the proportion of encoding time 

participants spent fixating items, as a function of item value. Figure 4B shows the differences 

in these proportions between value conditions. A one-way repeated measures ANOVA on the 

factor of value (High, Equal, Low) found a significant effect of value (GG-corrected F(1.01, 

37.43) = 68.46, MSE = 0.01, p < .001, 𝜂!
" = .65; BF10 > 10,000). Participants spent a greater 

proportion of the encoding phase fixating High value items (M = 0.30, SE = 0.02) relative to 

the Equal (M = 0.15, SE = 0.01; p < .001; d = 1.33; BF10 > 10,000) and Low value items (M = 

0.10, SE = 0.01; p < .001, d = 1.35; BF10 > 10,000). Participants also spent longer fixating 

Equal value items relative to Low value items (p < .001; d = 1.32; BF10 > 10,000).2 

 

Figure 4 

The Proportion of the Encoding Phase Participants Spent Fixating on Items in Experiment 1  

 

 
2 Further subsidiary analysis was then conducted to establish whether this effect was driven 

by relatively more fixations towards High value items, individual fixations towards High 

value items being longer, or a combination (see supplementary materials for full reporting). 

To summarize, participants fixated on High value items more often than expected based on 

an equal distribution of fixations (0.25). Individual fixations to High value items were also 

longer relative to Equal and Low value items on average. Thus, participants fixate on High 

value more often and for longer than lower value items. 
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Note. Panel A displays the mean proportion of the encoding time participants spent fixating 

on an item as a function of item value. Panel B displays the mean difference in proportion of 

encoding time between the value conditions. The dotted line at 0 reflects no difference. 

Values above 0 indicate that participants fixated on the first condition listed for a higher 

proportion of the encoding phase relative to the second condition listed. Meanwhile, values 

below 0 indicate that participants fixated on the first condition listed for a lower proportion of 

the encoding phase relative to the second level listed. Across panels, bold points reflect the 

mean across participants, while lighter circles in the background show each participant’s 

mean. Error bars show +/- 1 standard error of the mean. 

 

Mediation analysis was conducted to investigate whether the proportion of time participants 

fixated on the tested item during encoding mediated the relationship between value and recall 

error. As with the main eye-tracking analyses, this included only trials that had any fixations 

detected during the encoding phase. Separate mediation models were conducted for the 

overall value effect (Low vs High value), the value boost (Equal vs High value), and the 

value cost (Equal vs Low value). Outcomes are displayed in Figure 5. In all models, the 

effect of value on recall error was partially mediated by the proportion of time participants 

fixated on the tested item during encoding. The indirect effects were -11.70 for the overall 

value effect (Low vs High; 95% CI: -13.50 - -9.96; p < .001), -7.36 for the value boost (Equal 

vs High; 95% CI: -9.04 - -5.79; p < .001), and 2.40 for the value cost (Equal vs Low; 95% 

CI: 1.83-3.00; p < .001). The proportion of the effect mediated was 0.36 (95% CI: 0.30-0.43; 

p < .001) for the overall value effect (Low vs High), 0.29 (95% CI: 0.22-0.36; p < .001) for 

the value boost (Equal vs High), and 0.36 (95% CI: 0.23-0.65; p < .001) for the value cost 

(Equal vs Low). Taken together, these outcomes indicate the effect of value on recall error is 
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partially, but not fully, mediated by the proportion of time participants spend fixating on an 

item during encoding. 

 

Figure 5  

Outcomes from the Mediation Analysis in Experiment 1, Examining Proportion of Fixation 

Time during Encoding as the Mediator 
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Note. Panel A reflects the overall value effect (Low vs High value), Panel B reflects the value 

boost (Equal vs High value), and Panel C reflects the value cost (Equl vs Low value). In all 

panels, the upper diagram reflects the total effect of value on recall error. The lower diagram 

shows the mediation analysis. All models included a random intercept of participant ID. + 

denotes reference category. *** p < .001, ** p < .01, * p < .05. 

 

First Item Fixated. We then assessed whether participants were more likely to fixate a high 

value item first (see Figure 6). Trials were excluded where participants did not fixate on any 

of the items during the encoding phase. The mean proportion of trials in which the first item 

participants fixated was the High value item was 0.58 (SE = .03), which was significantly 

greater than that expected based on an equal distribution across items (0.25), t(37) = 12.07, p 

< .001, d = 1.96, BF10 > 10,000. 

 

Figure 6 

Mean Proportion of Trials in which the First Item Fixated was the High Value Item 

 

Note. The dotted line at 0.25 reflects an equal distribution of first fixations across items. The 

bold point reflects the mean across participants, while lighter circles in the background show 

each participant’s mean. Error bars show +/- 1 standard error of the mean. 

 

A mediation analysis investigated whether the first fixation participants made during 

encoding could explain the value-based prioritization effect. We examined the binary factor 

of whether participants had made their first fixation to the tested item (no/yes) as a mediator 

for the effect of value on recall error. As in the above analyses, one model was conducted for 
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each value comparison (Low vs High, Equal vs High, Equal vs Low). The outcomes are 

presented in Figure 7. In all three models3, the effect of value on recall error was partially 

mediated by whether the first fixation was directed towards the tested item. The indirect 

effects were -6.99 for the overall value effect (Low vs High; 95% CI: -9.29 - -4.70; p < .001), 

-3.15 for the value boost (Equal vs High; 95% CI: -5.03 - -1.35; p = .001), and 1.22 for the 

value cost (Equal vs Low; 95% CI: 0.60-1.90; p < .001). The proportion of the effect 

mediated was 0.22 (95% CI: 0.14-0.29; p < .001) for the overall value effect (Low vs High), 

0.12 (95% CI: 0.05-0.20; p = .001) for the value boost (Equal vs High), and 0.19 (95% CI: 

0.09-0.39; p < .001) for the value cost (Equal vs Low). Taken together, these outcomes 

indicate the effect of value on recall error was partially mediated by the first fixation 

participants made during encoding.4 

 

Figure 7 

Outcomes from the Mediation Analysis in Experiment 1, Investigating First Item fixated as 

the Mediator 

 
3 For the Low vs High model, the regression predicting first fixation from value (i.e. predictor -> mediator) was 

singular, due to 0 variance for the random intercept of ID. As it is not appropriate to compute some paths as 

mixed-effect models and other as standard regressions, we proceeded to run and present the model including ID. 

The same conclusions were drawn when excluding the random intercept of ID from all models for this 

comparison (Low vs High).  
4 We also examined whether encoding fixation duration still partially mediates the relationship between value 

and recall error when trials were excluded if participants fixated on the tested item first in the encoding phase. 

This enabled us to establish whether total encoding fixation duration still mediated the effect of value, after 

taking into account a primacy account. Partial mediation was still observed in all models (see supplementary 
materials for full reporting).  
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Note. Panel A reflects the overall value effect (Low vs High value), Panel B reflects the value 

boost (Equal vs High value), and Panel C reflects the value cost (Equal vs Low value). In all 

panels, the upper diagram reflects the total effect of value on recall error. The lower diagram 

shows the mediation analysis. All models included a random intercept of participant ID. In all 

panels, paths to “first fixation on tested item (no/yes)” are from logistic regression (with 

coefficients presented on the log odd scale). All other coefficients are from linear regression 

coefficients. + denotes reference category. *** p < .001, ** p < .01, * p < .05. 
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Discussion 

 

A clear value effect was observed on recall error, whereby participants exhibited lowest 

recall error for high value items, intermediate recall error for equal value items, and the 

highest recall error for low value items. This is in line with previous studies, which have 

observed value-based prioritization effects in working memory, using continuous response 

tasks (Atkinson et al., 2022; Hu et al., 2023) and other retrieval tasks (e.g. cued-recall, 

recognition; Atkinson et al., 2018; 2021; 2022). The mixture modelling also revealed a 

number of useful insights. For example, participants had a higher probability of recalling high 

value items relative to other items, and were also more precise in their responses to high 

value items. These outcomes are broadly in line with the findings reported by Atkinson et al. 

(2022).  

 

To the best of our knowledge, this was the first study to utilize eye-tracking to examine the 

mechanisms underlying value-based prioritization effects in working memory. This revealed 

several novel findings. Firstly, as predicted, the amount of time participants spent fixating on 

an item during encoding differed as a function of value. Participants fixated the longest on 

high value items, an intermediate amount of time on equal values items, and the shortest 

amount of time on low value items. Further, mediation analysis demonstrated that the amount 

of time participants spent fixating on the tested item during encoding partially explained the 

effect of value on recall error, accounting for approximately 36% of the overall value effect 

(low value vs high value), 29% of the value boost (equal value vs high value) and 36% of the 

value cost (equal value vs low value). Previous research has suggested that eye movements 

towards an item results in a greater proportion of memory resource being assigned to it (Bays 

& Husain, 2008). Thus, biases in eye movements towards high value information likely result 

in these items being encoded more strongly into working memory. In the current study 

participants also tended to fixate on the high value item first, with this factor also partially 

mediating the effect of value. The value-based prioritization effect therefore partially appears 

to reflect a primacy-like effect5, whereby participants show a tendency to encode the high 

value item first. Taken together, these findings provide the first evidence that participants 

 
5 We term this a “primacy-like effect” to avoid confusion given that we presented information simultaneously 

and the term “primacy” is usually used in tasks involving sequential presentation. 



 24 

vary their eye movement during encoding based on value, and that such behaviors partially 

explain the value effects robustly observed in working memory tasks (Allen et al., 2025).  

 

Although most participants exhibited value-based prioritization effects, there was 

considerable variability in the size of the effects observed, with some participants showing a 

markedly larger effect than others. This is likely to reflect the highly strategic nature of 

value-based prioritization (Hu et al., 2016), with the size of effects influenced by numerous 

factors including the extent to which participants engage with the points system and 

prioritization instructions (Allen et al., 2025). A similar, variable pattern, was also observed 

in the eye movement analyses, though the vast majority of participants showed a bias towards 

the high value items to at least some extent. 

 

Experiment 2 

 

Experiment 1 indicated that participants show a bias towards high value information during 

the encoding phase, with total fixation time and first fixation both partially mediating the 

effects of value on task performance. As described earlier, there is evidence using cued-recall 

tasks that individuals can direct their attention in a highly sophisticated manner when all 

items differ in their value (e.g. items vary in their point values between 1-4; Allen & Ueno, 

2018). Experiment 2 examined whether participants also vary their fixations during the 

encoding phase during these highly graded prioritization tasks. Participants completed a 

visual working memory task, similar to that employed in Experiment 1. On each trial, all 

items differed in their notional value (varying between 1-4 points). Of particular interest was 

how eye movements during encoding differ as a function of value, and whether the value 

effect is driven by eye movements during encoding. The manipulation of value in such a way 

also enables further, more in-depth analysis of the eye-tracking outcomes than was possible 

in Experiment 1. That is, varying the value of each item within a trial allows exploration of 

whether the order in which participants sampled the items was affected by value. In 

Experiment 1, we examined whether the proportion of time participants fixated on the high 

value item first was greater than would be expected based on an equal distribution. However, 

more complex analysis comparing value levels across the trial would have been confounded 

in Experiment 1, as there were three times as many low value items as high value items on 

each differential value trial. Thus, at any given position (first item fixated, second item 

fixated, etc.), participants would have been more likely to fixate on an item of low value, 
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simply because there were more low value items available for sampling per trial relative to 

high value items. In contrast, assigning a different value to each item within a trial means that 

there would be no inherent bias in sampling towards items of a particular condition. This 

analysis provides novel insights into how patterns of fixations change over the encoding 

phase. More generally, use of a continuous-reproduction task (as in Experiment 1) also 

allows exploration of how graded value affects recall error and mixture modelling 

parameters, providing further novel insights into the value-based prioritization effect.  

 

Based on previous research (e.g. Allen & Ueno, 2018; Allen et al., 2025), it was predicted 

that participants would show a value-based prioritization effect, with lower recall error for 

items that were associated with higher values. Several other predictions were made based on 

the outcomes of Experiment 1. It was predicted that the extent to which participants fixated 

on an item during encoding would differ as a function of value, with participants fixating on 

higher value information for a greater proportion of the encoding phase relative to lower 

value information. It was also predicted that the proportion of time participants spent fixating 

on an item during encoding would partially explain value-based prioritization effects. 

Moreover, based on the outcomes of Experiment 1, it was also anticipated that participants 

would often fixate on the highest value information first, and that first fixation would 

partially mediate the effect of value. Further, novel analyses then examined whether the 

following outcomes were affected by item value: the position each item was first sampled, 

the order items were sampled, and the proportion of trials in which participants re-sampled 

items.  

 

Method 

 

Participants 

 

A power calculation was conducted in G*Power (Faul et al., 2007) for a repeated measures 

one-way ANOVA with four value levels (point values 1-4). Based on a medium effect size (F 

= 0.25) and alpha set to 0.05, a sample of 30 participants was required to provide 90% 

statistical power. A new sample of thirty-nine participants completed the experiment. All 

participants met the same criteria as outlined in Experiment 1. All participants provided 

demographic information (M.age = 20.97, SD = 2.92; Gender: 25 women, 13 men, 1 non-

binary). One participant was excluded, as the percentage of trials with no usable eye-tracking 
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data was 2.5 standard deviations above the mean. The final analysis was therefore performed 

on data from 38 participants (M.age = 20.97, SD = 2.96; Gender: 24 women, 13 men, 1 non-

binary). 

 

Design, Materials, and Procedure 

 

The experimental paradigm is displayed in Figure 1B. The design, materials, and procedure 

were identical to Experiment 1, except for the following adaptations. Value remained the 

independent variable, but with four levels (1-4 points) in this experiment. On every trial, 

there was one item worth 1 point, one worth 2 points, one worth 3 points, and one worth 4 

points (as in Allen & Ueno, 2018). Further, as the array of point values was more complex in 

this experiment, the display time for the point value screen was increased to 3500ms. All 

other timings were the same as in Experiment 1, except that the retention interval was very 

marginally longer across participants due to random variation (M across participants = 

2132ms (vs 2130ms in Experiment 1), SD across participants = 7ms; Range across 

participants: 2118-2152ms). Participants completed 192 test trials in total. Each of the four 

value items (1-2-3-4 points) were tested on 48 trials, with trial order intermixed. Within each 

value level, each of the four spatial locations were tested equally. Participants completed four 

practice trials at the start of the experiment which were not analyzed.  

 

Data Analysis 

Analyses were performed as outlined in Experiment 1. In the Bayesian three-component 

mixture model, there was evidence of good convergence (all 𝑅"  = 1.00). 

 

In the eye-tracking data, the mean percentage of missing samples during the encoding phase 

in the final sample (N = 38) was 1.65% (SD = 1.91). Trials where no fixations were recorded 

during the encoding phase were excluded (M = 0.81%, SD = 1.53). Following this, the mean 

number of fixations across participants in the encoding phase was 4.73 (SD = 0.81; SE = 

0.13, Range = 2.89-5.96). 

 

Results 

 

Recall Error 
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Mean recall error (and SE) is displayed in Figure 8A as a function of value. A repeated 

measures one-way ANOVA on the factor of value (four levels: 1-4 points) was significant 

(GG-corrected F(1.67, 61.68) = 8.23, MSE = 281.13, p < .001, 𝜂!
" = .18, BF10 = 558.39). 

Post-hoc tests revealed that recall error for items worth 4 points (M = 51.5, SE = 2.84) was 

significantly lower than items worth 1 point (M = 64.2, SE = 2.19, p = .012, d = -0.54; BF10 = 

17.34), 2 points (M = 62.7, SE = 2.17; p = .012, d = -0.53; BF10 = 15.29) and 3 points (M = 

56.8, SE = 1.99; p = .024, d = -0.47; BF10 = 6.37). No other significant differences were 

observed (ps ≥ .062, ds ≤ -0.12 - -0.39). BF analysis provided weak evidence of a difference 

between items worth 3 points and 1 point (BF10 = 1.99), and 3 points and 2 points (BF10 = 

2.24). There was BF evidence against a difference between items worth 1 and 2 points (BF10 

= 0.23).  

 

Figure 8 

Task performance in Experiment 2 

 

Note. Panel A displays mean recall error, as a function of value (higher recall error reflects 

worse performance). Panel B displays the mean difference between the value conditions. The 

dotted line at 0 in Panel B reflects no difference. Values above 0 indicate higher recall error 

(i.e. worse performance) in the first condition listed, whilst values below 0 indicate lower 

recall error (i.e. better performance) in the first condition listed. Across panels, bold points 

reflect mean across participants, whilst error bars denote standard error. Lighter circles in the 

background indicate individual participants’ mean.  

 

Bayesian Mixture Modelling 
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The parameter estimates from the Bayesian mixture model are displayed in Figure 9A, as a 

function of value. The differences in posterior distributions were calculated between all value 

conditions. The median, 95% highest density intervals, and distributions are presented in 

Figure 9B. The modelling revealed that the probability of recalling the target item was higher 

for items associated with 4 points relative to those worth 1 point (pd = .998), 2 points (pd = 

1.000) and 3 points (pd = .999). Moreover, the probability of recalling the target item was 

higher for items associated with 3 points relative to those associated with 2 points (pd = 

.983). There were no credible differences between the other conditions in the probability of 

recalling the target item (pd ≤ .914). The probability of guessing was lower for items 

associated with 4 points relative to those associated with 1 point (pd = .998), 2 points (pd = 

1.000), and 3 points (pd = .983). The probability of guessing was also lower for items 

associated with 3 points relative to 2 points (pd = .983). No other credible differences were 

observed regarding the probability of guessing (pd ≤ .935). Finally, there were no credible 

differences between value conditions when considering the probability of recalling a non-

target item (pd ≤ .775) or precision (pd ≤ .929). 

 

Figure 9 

Outcomes from the Bayesian Mixture Modelling in Experiment 2 
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Note. Panel A: Estimates from the Bayesian mixture modelling as a function of value. Points 

reflect the median, whilst error bars display 95% highest density intervals. Panel B: 

Difference between the posterior distributions for the parameters in the Bayesian mixture 

modelling. For each parameter, differences are displayed for all comparisons between the 

value conditions. The black circle displays the median, the black horizontal bar shows the 

95% highest density intervals, and the color shading reflects the posterior distribution. The 

grey vertical line at 0 reflects no difference. In both panels, facets from top to bottom show: 

probability of recalling the target item, probability of recalling a non-target item, probability 

of guessing, and precision. 
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Eye-Tracking Outcomes 

 

Encoding Fixation Duration. The proportion of time participants spent fixating on 

each item during the encoding period is presented in Figure 10A, as a function of item value. 

Figure 10B displays the differences in the proportion of encoding time between different item 

value conditions. A one-way repeated measures ANOVA on the factor of value (four levels: 

1-4 points) was significant (GG-corrected F(1.32, 48.98) = 19.11, MSE = 0.01, p < .001, 𝜂!
" = 

.34, BF10 > 10,000). Post-hoc tests indicated that participants spent a significantly higher 

proportion of the encoding time fixating items worth 4 points (M = .20, SE = .02), relative to 

those worth 1 point (M = .10, SE = .01; p < .001; d = 0.79; BF10 = 1033.98), 2 points (M = 

.11, SE = .01; p < .001; d = 0.73; BF10 = 351.42), and 3 points (M = .15, SE = .01, p = .002, d 

= 0.57; BF10 = 28.70). Participants also spent a greater proportion of time fixating items 

worth 3 points relative to those worth 1 point (p = .001, d = 0.67; BF10 = 129.19) or 2 points 

(p = .002, d = 0.61; BF10 = 47.78). Finally, participants spent a greater proportion of time 

fixating items worth 2 points relative to those worth 1 point (p = .016, d = 0.41), though BF 

support was weak (BF10 = 2.78).6 

 

Figure 10 

The Proportion of the Encoding Phase Participants Spent Fixating on Each Item in 

Experiment 2, as a Function of Value 

 

 
6 Further analysis was conducted to establish whether this effect was driven by relatively more fixations towards 

high value items or individual fixations being longer towards high value items. Both of these patterns were 
observed, suggesting participants fixate on the high value item more often and longer relative to lower value 

items. See supplementary materials for full reporting. 
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Note. Panel A displays the mean proportion of the encoding time participants spent fixating 

on an item, as a function of value. Panel B displays the mean difference between the value 

conditions. The dotted line at 0 in Panel B reflects no difference. Values above 0 indicate that 

participants fixated on the first condition for a greater proportion of the encoding phase 

relative to the second level listed. Meanwhile, values below 0 indicate that participants 

fixated on the first condition listed for a smaller proportion of the encoding phase relative to 

the second level listed. Across panels, bold points reflect the mean across participants, whilst 

error bars denote standard error. Lighter circles in the background indicate individual 

participants’ means. 

 

Next, mediation analysis was conducted to investigate whether the proportion of time 

participants fixated on the tested item during encoding mediated the relationship between 

value and recall error. As in Experiment 1, this analysis included only trials that had any 

fixations detected during the encoding phase. Given that there were various value conditions 

in this experiment that increased numerically (i.e. from 1-4), value was entered as a 

continuous predictor into this model. As shown in Figure 11A, all relationships were 

significant. The indirect effect was -2.15 (95% CI: -2.50 – -1.81; p < .001), and the 

proportion of the effect mediated was 0.49 (95% CI: 0.38-0.66; p < .001). A second 

mediation model was then conducted, considering only point values “1” and “4” (to be 

broadly comparable to the “Low” and “High” value analyses conducted in Experiment 1). 

The outcomes are presented in Figure 11B. All relationships were significant in this model. 

In this model, the indirect effect was -5.90 (95% CI: -7.20 – -4.72; p < .001), and the 

proportion of the effect mediated was 0.46 (95% CI: 0.34-0.67, p < .001). Thus, in both 

models, the effect of value on recall error was partially mediated by the proportion of time 

participants fixated on the tested item during encoding. 

 

Figure 11 

Outcomes from the Mediation Analysis in Experiment 2, Examining Proportion of Fixation 

Time during Encoding as the Mediator 
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Note. Panel A: Outcomes from the mediation model, when considering all four value 

conditions (values 1-4), entered into the model as a continuous predictor. Panel B: Outcomes 

from a mediation model, comparing “1” and “4” point values (comparable to the “Low” vs 

“High” mediation analyses in Experiment 1). In this latter model, the “1” point condition was 

entered as the reference category (denoted in the figure by (+)). In both panels, the upper 

diagram displays the total effect of value on recall error. The lower diagram shows the 

mediation analysis. All models included a random intercept of participant ID. *** p < .001, 

** p < .01, * p < .05. 

 

First Item Fixated. As in Experiment 1, we investigated whether the proportion of 

trials in which participants fixated on the highest value item (i.e. that associated with 4 

points) first exceeded that expected based on an equal distribution of fixations (0.25). Trials 

were excluded where participants did not fixate on any of the items during the encoding 
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phase. The mean proportion of trials in which participants fixated first on the item worth 4 

points is displayed in Figure 12. A one sample t-test indicated that the mean proportion of 

fixations towards the item worth 4 points items (M = 0.39, SE = .03) was significantly greater 

than expected based on an equal distribution (0.25), t(37) = 4.55, p < .001, d = 0.74, BF10 = 

411.13). 

 

Figure 12 

Mean Proportion of Trials in which the First Item Fixated was the Highest Value Item in 

Experiment 2 

 

Note. The dotted line at 0.25 reflects an equal distribution of first fixations across items. The 

bold point reflects the mean across participants, while lighter circles in the background show 

each participant’s mean. Error bars show +/- 1 standard error of the mean. 

 

A pair of mediation models were then conducted to investigate whether the first item 

participants fixated on (towards tested item – no/yes) mediated the relationship between 

value and recall error. As in the main analyses, the first model investigated value as a 

continuous variable (1-4), whilst the second compared values 1 and 4. The outcomes are 

presented in Figure 13 for both models7. For the model with value as a continuous variable, 

 
7 For the model with value as a continuous variable, the regression predicting first fixation from value (i.e. 

predictor -> mediator) was singular, due to variance for the random intercept of ID being very close to 0. As it is 
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the indirect effect was -0.47 (95% CI: -0.66 - -0.31; p < .001), and the proportion mediated 

was 0.11 (95% CI: 0.07-0.18; p < .001). For the model comparing values 1 vs 4 only, the 

indirect effect was -2.25 (95% CI: -3.20 - -1.42; p < .001), and the proportion mediated was 

0.17 (95% CI: 0.11-0.28; p < .001).8 

 

Figure 13 

Outcomes from the Mediation Analysis in Experiment 2, Investigating First Fixation as the 

Mediator 

 

 
not appropriate to compute some paths as mixed-effect models and other as standard regressions, we proceeded 

to run and present the model including ID. The same conclusions were drawn when excluding the random 

intercept of ID from all models.  
8 As in Experiment 1, we also examined whether encoding fixation duration still partially mediated the 

relationship between value and recall error when trials were excluded if participants fixated on the tested item 
first in the encoding phase. Partial mediation was observed in both models (see supplementary materials for full 

reporting).  
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Note. Panel A: Outcomes from the mediation model, when considering all four value 

conditions (values 1-4), entered into the model as a continuous predictor. Panel B: Outcomes 

from a mediation model, comparing “1” and “4” point values (comparable to the “Low” vs 

“High” mediation analyses in Experiment 1). In this latter model, the “1” point condition was 

entered as the reference category (denoted in the figure by (+)). In both panels, the upper 

diagram displays the total effect of value on recall error. The lower diagram shows the 

mediation analysis. All models included a random intercept of participant ID. *** p < .001, 

** p < .01, * p < .05. 

 

Subsidiary Analyses. 

 

Position of First Sample by Item Value. This analysis examined when each item was 

first sampled in the sequence of entries across the encoding phase, and whether this differed 

as a function of item value. A value of 1 on this metric would indicate participants always 

accessed that item value first on every trial. This figure ignores trials in which an entry was 

not made to an item of a particular value. This provides a measure of sampling position that 

is unconfounded by differences in sampling rates across value levels. Figure 14A shows the 

mean position in which an item was first sampled, as a function of item value. 

 

A one-way ANOVA revealed a significant effect of value (GG-corrected F(1.29, 47.68) = 

9.26, MSE = 0.37, p = .002, 𝜂!
" = .20, BF10 = 1817.42). Post-hoc tests revealed that the mean 

position in which an item was first sampled was lower for items worth 4 points (M = 1.79, SE 

= 0.06) than those worth 1 point (M = 2.21, SE = 0.10; p = .015, d = -0.80, BF10 = 9.54), 2 

points (M = 2.19, SE = 0.07; p = .003, d = -0.93, BF10 = 68.82), and 3 points (M = 1.97, SE = 

0.05; p = .007, d = -0.50, BF10 = 22.55). Moreover, the mean position of first sampling was 

lower for items worth 3 points than items worth 2 points (p = .015, d = -0.58, BF10 = 7.60). 

No significant difference were observed between items worth 2 points and 1 point (p = .675, 

d = -0.04, BF10 = 0.19). There was also no significant difference between items worth 3 

points and 1 point (p =.055, d = -0.50), though there was weak BF support (BF10 = 1.77). 

 

Figure 14 

Outcomes of the Subsidiary Analyses in Experiment 2 
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Note. Panel A: Position of first sample by item value. Panel B: The proportion of trials in 

which participants fixated on items, as a function of value and item sample position (first 

item attended; second item attended, etc). Data is presented for the first six item sample 

positions only, as few participants had data beyond this. Panel C: The proportion of trials in 

which participants fixated on items as a function of value for the first three item sample 

positions only. Panel D: The mean proportion of trials involving re-sampling of items, as a 

function of item value. Panel E: The mean difference in re-sampling between value pairs. The 
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dotted horizontal line at 0 reflects no difference. Values above 0 indicate that participants re-

sampled items in the first condition to a greater extent relative to the second. Meanwhile, 

values below 0 indicate that participants’ re-sampled items in the first condition to a lesser 

extent than the second. In all, error bars denote standard error. In panels A, C, D and E, 

lighter dots in the background reflect means for individual participants.  

 

Order of Item Sampling. We next examined whether the order in which items were 

sampled differed as a function of item value. Trials were first excluded where there were no 

fixations to any of the items. For each trial, we then determined the sequence of area of 

interest (AOI) entries, and then for each item value (1-4) computed the position in which it 

was sampled. We term this “Item sample position”. For each participant, the proportion of 

trials in which items were sampled was computed for each value and item sample position 

combination. Here, the denominator was the number of trials in which participants sampled 

any item at the given sample position. Data was then averaged across participants. The 

number of items sampled varied considerably across trials and participants. Not all 

participants contributed data for all item sample positions. The mean proportion of trials in 

which items were sampled is displayed in Figure 14B, as a function of item value and item 

sample position. Data is presented for the first six item sample positions only, as few 

participants had data beyond this. Of note, this figure shows that items associated with 4 

points were most likely to be fixated first (in almost 40% of trials), while items associated 

with 3 points were most likely to be fixated second in the sequence.  

 

Data was analyzed at the first three item sample positions, as the vast majority of participants 

(37/38) sampled all item values to some degree across these positions. Mean proportion of 

fixations at each of the first three item sample positions for this sample is presented in Figure 

14C, as a function of item value. A 4 (Value: 1-4) x 3 (Item sample position: first, second, or 

third) within-subjects ANOVA revealed a significant effect of item value (GG-corrected 

F(1.27, 46.85) = 19.34, MSE = 0.05, p < .001, 𝜂!
" = .34, BF10 > 10,000). Post-hoc tests 

revealed significant differences between all comparisons (4 points M = .31, SE = .01; 3 points 

M = .29, SE = .01; 2 points M = .21, SE = .01; 1 points M = .19, SE = .01; p ≤  .011, d  ≥ 

0.19). There was also very strong BF support for all comparisons (BF10  ≥ 1322.29), except 

for the comparison between 4 points and 3 points where BF10 = 0.24, and the comparison 

between 2 points and 1 point where BF10 = 1.87. There was no significant effect of item 

sample position (F(2, 74) = 0.00, MSE < .01, p = 1.000, 𝜂!
" < .01, BF10 = 0.02). Crucially, 
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there was a significant interaction between value and item sample position (GG-corrected 

F(2.49, 92.04) = 8.23, MSE = 0.03, p < .001, 𝜂!
" = .18, BF10 > 10,000).   

 

To break down the interaction, a one-way ANOVA was conducted at each item sample 

position. At item sample position 1 (i.e. first fixated item), there was a significant effect of 

item value (GG-corrected F(1.62, 59.87) = 14.97, MSE = 0.04, p < .001, 𝜂!
" = .29, BF10 > 

10,000). Post-hoc tests revealed that participants fixated on the item worth 4 points (M = .39, 

SE = .03) first on a greater number of trials than items worth 1 point (M = .19, SE = .02; p = 

.001; d = 1.21, BF10 = 92.02), 2 points (M = .18, SE = .01; p < .001; d = 1.42; BF10 = 

1108.61), or 3 points (M = .24, SE = .02; p = .001; d = 0.99, BF10 = 127.28). Participants also 

fixated on items worth 3 points first on a higher proportion of trials than items worth 2 points 

(p = .039; d = 0.65, BF10 = 3.30). No significant differences emerged between items worth 3 

points and 1 point (p = .245; d = 0.43, BF10 = 0.54), or items worth 2 points and 1 point (p = 

.626; d = -0.07, BF10 = 0.20).  

 

At item sample position 2 (i.e. second item fixated), a significant effect of value also emerged 

(GG-corrected F(2.10, 77.65) = 13.96, MSE = 0.02, p < .001, 𝜂!
" = .27, BF10 > 10,000). 

Bonferroni-Holm corrected post-hoc tests revealed that participants fixated on the item worth 

3 points (M = .35, SE = .02) second on a greater proportion of trials than items worth 1 point 

(M = .18, SE = .01; p < .001; d = 1.48; BF10 = 1422.16), 2 points (M = .21, SE = .02; p = .001; 

d = 1.16; BF10 = 101.65), or 4 points (M = .26, SE = .02; p = .014; d = 0.74, BF10 = 8.15). 

Participants also fixated on items worth 4 points second on a greater proportion of trials than 

items worth 1 point (p = .004; d = 0.91; BF10 = 29.10). No significant differences emerged 

between items worth 4 points and 2 points (p = .110; d = 0.52; BF10 = 0.80), or items worth 2 

points and 1 point (p = .110; d = 0.35; BF10 = 1.01).  

  

Finally, at item sample position 3 (i.e. third item fixated), there was significant effect of value 

(GG-corrected F(1.93, 71.35) = 5.34, MSE = 0.01, p = .008, 𝜂!
" = .13, BF10 = 142.90). 

Bonferroni-Holm corrected post-hoc tests revealed that participants fixated on the item worth 

1 point (M = .20, SE = .01) on a lower proportion of trials than items worth 4 points (M = .28, 

SE = .02; p = .021; d = -0.89, BF10 = 8.70), 3 points (M = .27, SE = .01; p = .008; d = -1.00, 

BF10 = 23.64), or 2 points (M = .25, SE = .01; p = .024; d = -0.59; BF10 = 6.50). No other 

significant differences emerged (p for all other comparisons = .873; d ≤ 0.33, BF10 ≤ 0.30).  
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Thus, the items participants first fixated were most likely to be the item worth 4 points, whilst 

the second item they fixated on was most likely to be the item worth 3 points. The outcomes 

at the third fixation were less clear, though there was evidence participants were less likely to 

fixate on items worth 1 point relative to the rest.  

 

Re-sampling of Items. Finally, analysis was conducted examining whether the 

proportion of trials in which an item received two separate periods of inspection differed as a 

function of item value. Trials were excluded from this analysis where there were no fixations 

to any of the items. As this analysis was interested in separate periods of inspection, trials 

were not counted for a given item value if they only contained consecutive re-entries. For 

example, if participants sampled item value 4, then 3, then 4, the trial would be classified as a 

re-sampling occurrence for item value 4. Whereas, if participants sampled item values 4, then 

4, then 3, the trial would not be counted as re-sampling of item value 4 (or indeed any item 

value condition). The mean proportion of trials where re-sampling occurred is displayed in 

Figure 14D, as a function of item value. Differences between value condition pairs are 

displayed in Figure 14E. A one-way ANOVA was conducted to investigate whether the 

proportion of trials with re-sampling differed as a function of item value. There was a 

significant effect of value (GG-corrected F(1.26, 46.71) = 14.84, MSE = 0.01, p < .001, 𝜂!
" = 

.29, BF10 > 10,000), with post-hoc tests revealed significant differences between all 

conditions (4 points M = .19, SE = .02; 3 points M = .16, SE = .02; 2 points M = .10, SE = 

.01; 1 points M = .08, SE = .01; ps ≤ .012, ds  ≥ 0.21, BFs10  ≥ 4.65). Thus, participants re-

sampled higher value items to a greater extent than lower value items, with a graded effect 

present across the levels. 

 

Discussion 

 

There was a clear effect of value on recall error. Such findings are in line with Experiment 1 

and previous research examining effects of value on recall error (Atkinson et al., 2022; Hu et 

al., 2023) and other outcome measures (see Allen et al., 2025). There was some numerical 

evidence that recall error decreased as point values increased, although support from the 

inferential analyses was not particularly strong. In the frequentist analyses, there were only 

significant differences between items worth the highest number of points (4 points) and the 
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other items, although the BF analysis also provided some weak support for a difference 

between items worth 3 points and those worth 2 or 1 point. The mixture modelling revealed 

that participants had a higher probability of recalling the target item in the 4-point condition 

relative to all other values, and also had a higher probability of recalling the target item in the 

3-point condition relative to the 2 points condition. Taken together, these findings provide 

some evidence of a graded value effect, although this was not as clear as in previous work 

which has utilized a similar manipulation in cued recall paradigms (Allen & Ueno, 2018). 

Nevertheless, there was still clear evidence that participants were able to prioritize high value 

items relative to lower value items. Interestingly, unlike in Experiment 1 and past research 

utilizing mixture modelling to examine effects of value (Atkinson et al., 2022), no effects on 

precision were observed for any value pair comparisons. This may suggest that the effect of 

value on precision is only observed under less complex reward conditions (i.e. when only one 

item is more valuable than the rest; Experiment 1 in the present study; Atkinson et al., 2022; 

Hu et al., 2023).  

 

A clear value effect also emerged on the proportion of time participants spent fixating on an 

item during encoding, with participants fixating on higher value items more than lower value 

items. Post-hoc tests revealed a highly graded effect (i.e. 4 > 3 > 2 > 1 points). These findings 

replicate and extend Experiment 1, indicating that participants allocate their attention 

differently during the encoding phase when items differ in their relative values. Mediation 

analyses were then conducted to examine whether the proportion of time participants spent 

fixating on an item mediated the effect of value on recall error. The first model examined 

value as a continuous predictor, whereas the second compared the lowest (i.e. 1 point) and 

highest (i.e. 4 point) value conditions. Across both analyses (and consistent with Experiment 

1), the proportion of time participants spent fixating on an item during the encoding phase 

partially mediated the effect of value on recall error. Further, as in Experiment 1, participants 

fixated on the item worth 4 points first more than would be expected based on an equal 

distribution. First fixation partially mediated the effect of value, providing further evidence 

that the effect of value on recall error partially reflects a primacy-like effect. 

 

The design implemented in Experiment 2 also enabled further in-depth analyses of eye-

tracking parameters. This revealed several interesting insights. For example, the first item 

participants fixated on during the encoding phase was most likely to be the item worth 4 

points whilst the second item participants fixated on was most likely to be worth 3 points (i.e. 
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the next highest value item). This provides further support for a primacy-based account, 

suggesting that at least at a group level, participants engaged in a strategic prioritization of 

sampling in which they focused early eye movements during the encoding phase on the two 

highest valued items. This conclusion was further supported by other analyses, indicating that 

the average position in which items were first sampled tended to be earlier for higher value 

items. There was also clear evidence that participants re-sampled higher value items to a 

greater extent relative to lower value items. Taken together, these analyses provide further, 

consistent evidence that participants’ eye movements during encoding are guided by strategic 

goals of item prioritization. 

 

Finally, as in Experiment 1, there were large individual differences in both recall error and 

the eye-tracking outcomes. This further supports the notion that both the size of value-based 

prioritization effects in working memory, and the strategies underlying such effects, are 

subject to individual differences. However, as in Experiment 1, most participants showed a 

bias towards higher value items across all eye tracking measures investigated. 

 

General Discussion 

 

Studies examining mechanisms underlying value-based prioritization in working memory 

have focused on maintenance mechanisms, such as attentional refreshing and articulatory 

rehearsal (e.g. Atkinson et al., 2021; 2022; Sandry et al., 2014). Meanwhile, the role of 

encoding processes has received less attention and is consequently less well understood. Two 

experiments were conducted which investigated the extent to which: (i) patterns of eye 

movements during encoding vary as a function of item value; and (ii) whether eye 

movements during encoding drive value-based prioritization effects in working memory 

tasks. Experiment 1 used trials in which the to-be-remembered items were either of high or 

low value, and other trials in which all items were of equal value. Experiment 2 provided a 

more fine-grained analysis of the effect of value by varying the value of all items in the array. 

There was clear evidence of value-based prioritization effects, with participants exhibiting 

better performance for high value items relative to lower value items (e.g. Allen et al., 2025; 

Allen & Ueno, 2018). There was also clear evidence that participants’ eye movements during 

encoding differed as a function of value, with such measures partially mediating the effect of 

value on recall error. Taken together, this pair of experiments provides novel evidence that: 

(i) participants alter their behaviors during the encoding phase of working memory tasks 
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when items differ in their value, engaging in several behaviors that aim to preferentially 

encode the high value information; and (ii) eye movements during encoding partially mediate 

the effect of value on recall error.  

 

How might eye movements during encoding drive value-based prioritization effects? Our 

study provides key insights into this. Firstly, participants often fixated on high value 

information first during encoding, with this factor partially mediating the effect of value on 

recall error. Thus, the value-based prioritization effect is partially explained by a primacy-

like effect, whereby participants often fixate the highest value item first. The effect of value 

was also partially mediated by total fixation time during encoding, even after controlling for a 

primacy-based explanation. As encoding time increases, the strength with which an item is 

encoded is also considered to increase (Oberauer et al., 2012). Thus, fixating on high value 

items to a greater extent during encoding is likely to result in stronger representations of these 

items (Bays & Husain, 2008). Several factors are therefore likely to explain how eye 

movements during encoding drive value-based prioritization effects. 

 

Previous research has suggested that biased attentional refreshing during maintenance at least 

partially mediates the effect of value (Atkinson et al., 2022; Sandry et al., 2014). The current 

study provides important clarification on this, demonstrating that biased attentional refreshing 

is unlikely to be the sole mechanism driving value-based prioritization effects. Thus, it is 

likely that encoding factors (e.g. primacy-like effects, increased encoding strength) and 

maintenance mechanisms (e.g. biased attentional refreshing) work in parallel to drive value-

based prioritization effects. Participants encode high value items first and more strongly 

relative to other items, and are more likely to return to these items for additional encoding. 

These items are then refreshed for longer and/or more frequently during maintenance 

(Atkinson et al., 2022; see Figure 15). An interesting outstanding question is the extent to 

which processes at encoding and maintenance are separable. Participants may actively 

prioritize high value information during both encoding and maintenance as a direct result of 

value, and an attempt to maximize task performance. Other possibilities exist, however. For 

example, it is possible that attentional refreshing may be biased towards the high value item 

(Atkinson et al., 2022) purely because that item is represented most strongly at the end of 

encoding. In tasks where all items are equally valuable and goal-relevant, it has been 

suggested that attentional refreshing is targeted towards the item with the weakest level of 

activation (Camos et al., 2018; Lemaire et al., 2018). However, this may not be the case if the 
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items that have the weakest level of activation are also of low value. In such circumstances, 

individuals may take a different approach; either abandoning such items all together (i.e. not 

refreshing them at all) or further de-prioritizing them by refreshing them less or for shorter 

periods of time. This would leave more time to refresh the higher value items in the 

sequence. A combination of these two possibilities would also be plausible, whereby biased 

attentional refreshing during maintenance reflects both the item being particularly valuable 

and being represented most strongly at the end of encoding. Further research should attempt 

to delineate between these possibilities.  

 

Figure 15 

Schematic Illustration of Three Possible Accounts Indicating How Biased Encoding and 

Attentional Refreshing may Explain the Value-Based Prioritization Effect 
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Note: Panel A: A biased encoding only account. Participants prioritize the high value item 

during encoding, fixating on this item first and for longer periods of time relative to other 

items. Attentional refreshing is then applied in an equal way across items. Panel B: A biased 

attentional refreshing only account. Participants allocate attention equally across items during 

encoding, encoding each item with a similar strength. Participants then refresh the more 

valuable item more frequently or for longer periods of time. Panel C: A biased encoding and 

attentional refreshing account. Participants prioritize the high value item during encoding, 

fixating on this item first and for longer periods of time relative to other items. Participants 

then refresh the more valuable item more frequently or for longer periods of time. This 

account is best supported by current evidence (i.e. findings from the present study and 

Atkinson et al., 2022).  

 

When considered alongside existing research, our findings also provide theoretical insights 

into differences (or similarities) between bottom-up, stimulus-driven attention and top-down, 

goal-directed attention in working memory. Previous research has found that bottom-up 

attentional manipulations (e.g. non-predictive cues) affect performance in change-detection 

tasks when information is presented simultaneously, but not during equivalent tasks that use 

sequential presentation (Ravizza et al., 2016). This led to the suggestion that the beneficial 

effects of bottom-up attention occur because participants encode the targeted item first, 

resulting in a primacy effect (Ravizza et al., 2016; Ravizza & Conn, 2022). Some 

experimental support for this notion has been provided (Ravizza et al., 2016). The current 

study builds on this, suggesting that the effects of value (which are considered to reflect a 

type of top-down attention; Allen et al., 2025) in working memory tasks are also partially 

explained by primacy. Taken together with Ravizza et al. (2016), this suggests that primacy 

at least partially explains both top-down and bottom-up attentional effects in working 

memory when information is presented simultaneously. Thus, overlapping mechanisms may 

drive these distinct forms of attentional direction in working memory tasks. It is, however, 

likely that a primacy-based account explains a greater proportion of bottom-up attentional 

effects, where individuals have little motivation to strategically prioritise the information. 

More broadly, the present findings also have important implications regarding the 

mechanisms that determine which information is selected, maintained, and rendered 

consciously accessible in working memory. Recent iterations of high-level theoretical 

frameworks have adopted analogous approaches to outline how bottom-up capture and top-

down control interact to influence selection of perceptual input in this way (Allen et al., 2026; 

Cowan et al., 2025). For example, the embedded processes perspective sets out how 
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information maintained within the focus of attention serves as the basis for our ongoing 

conscious representation of internal thought processes and the world around us (Cowan et al., 

2025). Within the multicomponent working memory model, the episodic buffer has been 

recharacterized as an awareness buffer, forming a modality-general and multi-source 

representational space in which information can be consciously maintained, manipulated, and 

prioritized (Allen et al., 2026). The present study demonstrates that specific patterns of 

selective attention, here indexed by eye fixation to items of varying value, help determine 

which representations are encoded and sustained within working memory, and thus which 

information enters a state of heightened accessibility and conscious awareness. In doing so, 

these findings provide support for the idea that moment-to-moment attentional allocation 

serves as a gatekeeper to the contents of working memory, influencing the prioritization of 

information (within the awareness buffer or focus of attention). 

How robust are our findings? Would similar outcomes be observed if the encoding phase was 

shortened or lengthened? Our findings indicate that participants often fixate on high value 

item first, demonstrating that biases exist from the very start of the encoding phase. Thus, if 

the length of the encoding phase was further constrained, one would expect similar (or 

potentially even larger) biases towards high value items. Further, as our findings suggest that 

participants seek to preferentially encode the high value item, we would expect biases to 

persist even if the encoding phase was lengthened. As such, we believe participants would 

show a bias at encoding regardless of the length of the encoding phase. A related outstanding 

question of interest is whether the size of value-based prioritization effects would differ 

depending on the length of the retention interval. One possibility is that value-based 

prioritization effects would become larger as the length of the retention interval increases and 

participants have more opportunity to bias attentional refreshing towards particularly 

valuable information. This would result in a larger difference in recall error between high and 

lower value items with longer retention intervals. Alternatively, as the retention interval is 

lengthened and individuals have more time available for attentional refreshing, participants 

may more readily share the available time amongst items (though likely still preferentially 

refreshing the high value item to some extent). Based on such an explanation, value-based 

prioritization effects would still be expected to emerge with longer retention intervals, but 

may become smaller in size. It would be beneficial for further research to investigate these 

outstanding questions.  
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One boundary condition to the effects we describe here may be presentation method. 

Evidence that participants’ pattern of fixations during the encoding phase differed as a 

function of value contrasts with a study by Ariel and Castel (2014), which examined value-

directed remembering in a task that sequentially presented 12-item lists of words. They found 

no significant differences in fixation time for sequentially-presented low, medium, and high 

value words. These differences likely reflect the level of control that participants have during 

encoding. Although participants could have chosen not to fixate on particular items in Ariel 

and Castel (2014), they could not strategically choose which item to fixate on first or allocate 

a greater proportion of the encoding phase to high value items at the expense of low value 

items. As such, eye movements during item presentation may only drive value-based 

prioritization effects when information is presented simultaneously. Instead, individuals may 

engage in other strategies that seek to preferentially encode high value item information when 

sequential presentation is used. For example, individuals may refresh or spatially rehearse the 

higher value items during the interstimulus intervals between items. Alternatively, post-

encoding processes such as attentional refreshing during maintenance may explain a greater 

proportion of the value effect when information is presented sequentially. We do not believe 

the establishment of such a boundary effect would significantly detract from the importance 

of our findings, as information is often encountered simultaneously in both research studies 

(e.g. Allen et al., 2012; Atkinson et al., 2022; Bays & Husain, 2008; Brockmole & Logie, 

2013; Brown & Brockmole, 2010; Cowan et al., 2006; Forsberg et al., 2022; Hautekiet et al., 

2025; Luck & Vogel, 1997; Oberauer et al., 2017; Park & Awh, 2026; Souza et al., 2014; 

Vogel et al., 2001; Zhang & Luck, 2008) and everyday tasks that rely on working memory. 

Moreover, the establishment of boundary conditions is important for both constraining and 

advancing working memory theory (Ueno & Allen, 2025). Evidence of distinct mechanisms 

underlying value effects for different presentation methods would also be in line with 

numerous studies highlighting key differences between simultaneous and sequential 

presentation (e.g. Allen et al., 2006; Atkinson et al., 2019; Bharti et al., 2020; Chen & Kuo, 

2026; Magro et al., 2022).  

 

To summarize, the current study provides novel evidence that participants vary their eye 

movements during working memory tasks as a function of the notional value of items. This 

enables high value information to be encoded first (thus benefiting from primacy), as well as 

more strongly relative to other items. Engagement in such strategies partially explains value-

based prioritization effects in working memory. These findings provide strong evidence that 
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maintenance mechanisms are not the only factor that contributes to value-based prioritization 

effects, establishing an important role of encoding processes in determining which 

information is more likely to remain at least briefly consciously accessible in the service of 

task performance. Further research should investigate how distinct the operations of these 

processes are, their relative importance across different task contexts, and whether strategies 

at other stages (e.g. retrieval) also partially drive value-based prioritization effects. 
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1. Experiment 1: Behavioural outcomes for all participants 

 

This analysis includes all participants with usable behavioural data (N = 40). This excludes 

one participant due to a technical error, but includes the two participants excluded from the 

analysis in the main body due to poor eye-tracking. Mean recall error is displayed in Figure 

S.1.1.A, as a function of value. Figure S.1.1.B displays the difference in recall error between 

the value conditions. A one-way repeated measures ANOVA was conducted to investigate 

the effect of value on recall error. There was a significant effect of value (Greenhouse-

Geisser (GG) corrected F(1.23, 47.96) = 73.12, MSE = 265.48, p < .001, 𝜂!
" = .65; BF10 > 

10,000). Post-hoc tests revealed that recall error was significantly lower for high value items 

(M = 32.9, SE = 2.41) relative to equal (M = 58.6, SE = 2.51; p < .001, d = -1.31; BF10 > 

10,000) and low value (M = 65.7, SE = 2.51; p < .001, d = -1.45; BF10 > 10,000) items. 

Recall error was also significantly lower for equal value items relative to low value items (p 

< .001, d = -0.79; BF10 = 1682.78). 

 

Therefore, the conclusions from this analysis did not differ from those presented in the main 

body. 

 

Figure S.1.1 

Task Performance in Experiment 1 for all Participants with Usable Task Data (N = 40) 

 

Note. Panel A displays mean recall error, as a function of value (higher recall error reflects 

worse performance). Panel B displays the mean difference between the value conditions, 

calculated as the first condition listed minus the second (e.g. the figure for High vs Low for a 
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given participant was calculated by subtracting their mean recall error in the “Low” value 

condition from their mean recall error in the “High” condition). Across panels, bold points 

reflect mean across participants, whilst error bars denote standard error. Lighter circles in the 

background indicate individual participants’ mean.  
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2. Experiment 1: Behavioural outcomes for only trials with fixations recorded for 

participants analysed in main body (N = 38). 

 

 

This analysis reports behavioural outcomes for participants reported in the main body, but 

focusing only on trials with usable eye-tracking data (N = 38). Mean recall error as a function 

of value is displayed in Figure S.2.1.A, whilst the mean difference in recall error between 

conditions is displayed in Figure S.2.1.B. A one-way repeated measures ANOVA revealed a 

significant effect of value (Greenhouse-Geisser (GG) corrected F(1.23, 45.36) = 66.39, MSE 

= 274.06, p < .001, 𝜂!
" = .64; BF10 > 10,000). Post-hoc tests revealed lower recall error in the 

high value condition (M = 32.7, SE = 2.41) relative to equal (M = 58.5, SE = 2.60; p < .001, d 

= -1.29; BF10 > 10,000) and low value conditions (M = 65.2, SE = 2.58; p < .001, d = -1.41; 

BF10 > 10,000). Moreover, recall error was lower for equal value items relative to low value 

items (p < .001, d = -0.75; BF10 = 522.80). Thus, the conclusions from this analysis did not 

differ from those presented in the main body. 

 

Figure S.2.1 

Task Performance in Experiment 1 for Only Trials With Eye-Tracking Fixations Recorded 

During the Encoding Phase (N = 38) 

 

Note. Panel A displays mean recall error, as a function of value (higher recall error reflects 

worse performance). Panel B displays the mean difference between the value conditions, 

calculated as the first condition listed minus the second (e.g. the figure for High vs Low for a 

given participant was calculated by subtracting their mean recall error in the “Low” value 
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condition from their mean recall error in the “High” condition). Across panels, bold points 

reflect mean across participants, whilst error bars denote standard error. Lighter circles in the 

background indicate individual participants’ mean. 
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3. Experiment 1 response time analyses (N = 38) 

 

We conducted analyses of the response times to ensure that the effects of value on recall error 

were not due to a speed-accuracy trade off. We conducted this on data for all trials for 

participants included in the final sample. 

 

Pre-processing 

 

We first excluded trials where the response time was over 20,000ms (20 seconds; one trial 

excluded). We then excluded trials that fell 2.5 SDs above or below the mean for each value 

condition for each participant. 

 

Results  

 

Mean response times as a function of value are displayed in Figure S.3.1.A, whilst Figure 

S.3.1.B displays the difference in response time between the three value conditions. A one-

way repeated measures ANOVA was conducted to investigate the effect of value (three 

levels: High, Equal, Low) on response times. There was a significant effect of value (GG-

corrected, F(1.51, 55.86) = 8.78, MSE = 115384.18, p = .001, 𝜂!
" = .19; BF10 = 68.80). Post-

hoc tests revealed significantly slower response times for low value items (M = 3147, SE = 

150) relative to high value (M = 2866, SE = 115; p = .004, d = -0.55; BF10 = 18.89) and equal 

value (M = 2971, SE = 136; p = .003, d = -0.58; BF10 = 30.77, BF01 = 1.82) items. There was 

no significant difference between high and equal value items (p = .121, d = -0.26, BF10 = 

0.55). 
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Figure S.3.1 

Response Times in Experiment 1 

 
Note. Panel A displays mean response times, as a function of value. Panel B displays the 

mean difference between the three value conditions. The dotted line at 0 reflects no 

difference. Values above 0 indicate slower response times in the first condition listed, whilst 

values below 0 indicate faster response times in the first condition listed. Across panels, bold 

points reflect the mean across participants, while lighter circles in the background show each 

participant’s mean. Error bars show +/- 1 standard error (SE) of the mean. 

 

Therefore, although there was a significant effect of value on response times, this did not 

reflect slower response times for high value items. In fact, high value items were responded 

to significantly faster than low value items, and numerically faster than equal value items. 
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4. Experiment 1: Analysis of the proportion of fixations and length of individual 

fixations 

 

As shown in the main analyses, total time spent fixating on High value items during the 

encoding phase is greater than that for Equal and Low value items. This effect could be due 

to a greater number of fixations towards high value items, longer fixations on high value 

items, or a combination of both. This was examined in subsidiary analyses. 

 

Proportion of fixations 

 

We first assessed the proportion of fixations (a measure that ignores the length of those 

fixations) that participants made towards high value items, and whether this was greater than 

what would be expected based on an equal distribution of fixations across the four items in 

the array (0.25). In this analysis, the proportion was calculated by dividing the number of 

fixations participants made to high value items by the total number of fixations participants 

made to all items during the encoding phase of a given trial (excluding fixations that did not 

fall on an item). Trials were excluded where participants did not fixate on any of the items 

during the encoding phase. The mean proportion of fixations towards high value items during 

the encoding phase is displayed in Figure S.4.1A. A one sample t-test indicated that the mean 

proportion of fixations towards high value items (M = 0.41, SE = .02) was significantly 

different from that expected based on an equal distribution of fixations across the four items 

(0.25), t(37) = 7.84, p < .001, d = 1.27). 

 

Figure S.4.1 

Other Eye-Tracking Outcomes in Experiment 1 
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Note. Panel A: Mean proportions of fixations towards the high value item in the encoding 

phase of the differential value trials. The dotted line at 0.25 reflects an equal distribution of 

fixations across the four items. Panel B shows the mean fixation duration (in ms), as a 

function of item value. Panel C displays the difference in mean duration between the value 

conditions. The dotted line at 0 reflects no difference. Values above 0 indicate that 

participants’ individual fixations were longer for the first condition listed relative to the 

second. Meanwhile, values below 0 indicate that participants’ individual fixations were 

shorter for the first condition listed relative to the second. Across panels, bold points reflect 

the mean across participants, while lighter circles in the background show each participant’s 

mean. Error bars show +/- 1 standard error of the mean. 

 

Length of individual fixations 

 

We next assessed the mean length of individual fixations as a function of item value. For 

each trial, we determined the mean fixation duration for each value condition. We then 

averaged across trials for each participant. These data reflected valid fixations on items only, 

and hence data was not scored as 0 if the participant failed to fixate an item. This approach 

(as opposed to scoring a 0 where participants did not fixate on an item at all) ensures this 

analysis is not confounded by the difference in the total number or proportion of fixations (as 

detailed above).  

 

Mean duration of each fixation is displayed in Figure S.4.1.B, as a function of value. A one-

way repeated measures ANOVA was conducted with value (three levels: High, Equal, Low) 
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as the independent variable and fixation length as the dependent variable. This revealed a 

significant effect of value (GG-corrected F(1.04, 38.42) = 45.58, MSE =  29927.90, p < .001, 

𝜂!
" = .55; BF10 > 10,000). The length of fixations was significantly longer for high value 

items (M = 585, SE = 39.09) relative to equal (M = 373, SE = 13.78; p < .001; d = 1.12; BF10 

> 10,000) and low value items (M = 330, SE = 9.54; p < .001, d = 1.09; BF10 > 10,000). 

Fixations towards equal value items were also longer than fixations towards low value items 

(p < .001; d = 0.76; BF10 = 615.80). 
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5. Fixations including screen centre as an area of interest (AOI; Experiment 1) 

 

Figure S.5.1 shows the mean proportion of the encoding phase participants spent fixating on 

the spatial location of high value items, low value items, equal value items, the screen 

centre9, and other areas of the screen.  

 

Figure S.5.1 

Mean Proportion of the Encoding Phase Participants Spent Fixating on High Value Items, 

Low Value Items, Equal Value Items, the Screen Centre, and Other Areas of the Screen 

 

Note. Data is displayed separately for differential value trials (where one item was high value 

and the rest low value) and equal value trials (where all items were of equal value). Bars 

show the sum across that item value. Thus, green bars reflect fixations to one high value item 

per trial, red bars reflect fixations towards three low value items per trial, and yellow bars 

depict fixations to four equal value items per trial. 

 

 

 

 

  

 

 
9 The area of interest (AOI) was 350x350 pixels around the screen centre. 
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6. Encoding fixation duration as a mediator (further analysis; Experiment 1) 

 

A series of mediation models were conducted to investigate whether encoding fixation 

duration still partially mediated the effect of value on recall error after trials were excluded 

whether the first fixation was on the tested item. This examines whether encoding fixation 

duration still mediates the relationship after accounting for a primacy-based effect.  

 

As in the main analysis, separate mediation models were conducted for the overall value 

effect (low vs high value), the value boost (equal vs high value), and the value cost (equal vs 

low value). Outcomes are displayed in Figure S.6.1. In all models, the effect of value on 

recall error was partially mediated by the proportion of time participants fixated on the tested 

item during encoding. The indirect effects were -2.48 for the overall value effect (low vs 

high; 95% CI: -3.41--1.69; p < .001), -1.47 for the value boost (equal vs high; 95% CI: -2.54-

-0.63; p < .001), and 1.19 for the value cost (equal vs low; 95% CI: 0.76-1.68; p < .001). The 

proportion of the effect mediated was 0.10 (95% CI: 0.07-0.15; p < .001) for the overall value 

effect (low vs high), 0.07 (95% CI: 0.03-0.13; p < .001) for the value boost (equal vs high), 

and 0.20 (95% CI: 0.11-0.45; p < .001) for the value cost (equal vs low).  

 

These outcomes indicate the effect of value on recall error is partially mediated by the 

proportion of time participants spend fixating on an item during encoding, even after when 

removing trials where the first item fixated on was the tested item. This indicates the 

mediation cannot be fully attributed to a primacy-like account.  
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Figure S.6.1 

Outcomes from the Mediation Analysis in Experiment 1 Examining Encoding Fixation 

Duration as a Mediator, after Excluding Trials where the First Fixation was on the Tested 

Item 

 
 

Note. Panel A reflects the overall value effect (low vs high value), Panel B reflects the value 

boost (equal vs high value), and Panel C reflects the value cost (equal vs low value). In all 



 70 

panels, the upper diagram reflects the total effect of value on recall error. The lower diagram 

shows the mediation analysis. All models included a random intercept of participant ID. + 

denotes reference category. *** p < .001, ** p < .01, * p < .05. 
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7. Outcomes for analyses examining whether eye movement measures predict recall 

error in equal value trials (Experiment 1) 

 

The association between the eye tracking parameters during encoding and recall error in the 

equal value trials is presented in Figure S.7.1. Analysis was conducted to investigate whether 

the main eye tracking outcomes analysed across the experiments predicted recall error. A 

separate mixed-effect model was fit for each eye-tracking measure, with the eye-tracking 

measure as the predictor, recall error as the outcome, and participant ID as a random 

intercept.  

 

Figure S.7.1 

Relationship Between the Eye-Tracking Parameters during Encoding and Recall Error in the 

Equal Value Trials of Experiment 1 

 
Note. Panel A shows the proportion of encoding time. Panel B displays the proportion of 

fixations towards the tested item, Panel C shows mean length of individual fixations, and 

Panel D displays the first fixation towards tested item (no/yes). In panel D, the black circles 

shows the mean recall error. 
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Encoding fixation duration: Figure S.7.1.A shows the association between the proportion of 

encoding time participants spent fixating on the tested item and recall error. The proportion 

of time participants spent fixating on the tested item during the encoding phase significantly 

predicted recall error (β = -54.95, SE = 10.19, t = -5.39, p < .001), with a higher proportion 

associated with lower recall error.   

 

Proportion of fixations towards the tested item: Figure S.7.1.B shows the relation between 

the proportion of fixations towards the tested item and recall error. The proportion of 

fixations significantly predicted recall error (β = -32.51, SE = 6.61, t = -4.92, p < .001), with a 

higher value associated with lower recall error.  

 

Length of individual fixations: This was calculated as in the main analyses. Figure S.7.1.C 

displays the association between the length of individual fixations towards the tested item and 

recall error. The length of individual fixations towards the tested item significantly predicted 

recall error (β = -0.03, SE = 0.01, t = -3.76, p < .001), with longer fixations associated with 

lower recall error.   

 

First fixation: Figure S.7.1.D displays recall error as a function of whether the tested item 

was fixated on first or not. Whether the first fixation was towards the tested item did not 

significantly predict recall error, though it did approach significance (β = -5.32, SE = 2.96, t = 

-1.80, p = .073). 
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8. Experiment 1: Maintenance fixation duration 

 

Analysis was performed to investigate whether the proportion of maintenance time 

participants spent fixating on locations in which items had appeared differs as a function of 

value; and whether this factor mediates the relationship between value and recall error. 

 

Data processing 

 

In addition to the participants excluded in the main analysis (see Participant section of 

Experiment 1), a further three participants were excluded as the number of trials with no 

fixations during maintenance was over 2.5 standard deviations above the mean. The analysis 

was therefore performed on data for 35 participants. In the analysed sample, the percentage 

of trials with no recorded fixations was low (M = 0.21, SD = 0.70). Trials with no recorded 

fixations were excluded. Following this, the mean number of fixations across participants in 

the maintenance phase was 4.71 (SD = 0.49; Range = 3.63-5.88). 

 

Results 

 

Figure S.8.1A displays the proportion of maintenance time participants spent fixating on the 

location where items had appeared, as a function of value. The proportions were generally 

low across all value levels. Figure S.8.1B shows the difference in the proportion of 

maintenance time between value conditions. A one-way repeated measures ANOVA was 

conducted with value (three levels: High, Equal, Low) as the independent variable and the 

proportion of maintanence time as the dependent variable. There was a significant effect of 

value (GG-corrected F(1.02, 34.64) = 20.43, MSE < 0.01, p < .001, 𝜂!
" = .38; BF10 > 10,000). 

Participants spent a greater proportion of the maintenance phase fixating on the location 

where high value items (M = 0.11, SE = 0.01) had appeared, relative to the equal (M = 0.06, 

SE < 0.01; p < .001; d = 0.76; BF10 = 297.93) and low value items (M = 0.05, SE < 0.01; p < 

.001, d = 0.77; BF10 = 382.92). Participants also spent longer fixating on the location where 

equal value items had appeared relative to low value items (p < .001; d = 0.73; BF10 = 

185.88). 
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Figure S.8.1 

The Proportion of the Maintenance Phase Participants Spent Fixating on Items in 

Experiment 1 

 

Note. Panel A displays mean proportion of the maintenance time participants spent fixating 

on an item as a function of value. Panel B displays the mean difference in maintenance time 

between the value conditions. The dotted line at 0 reflects no difference. Values above 0 

indicate that participants fixated on the first condition listed for a higher proportion of the 

encoding phase relative to the second condition listed. Meanwhile, values below 0 indicate 

that participants fixated on the first condition listed for a lower proportion of the encoding 

phase relative to the second level listed. Across panels, bold points reflect the mean across 

participants, while lighter circles in the background show each participant’s mean. Error bars 

show +/- 1 standard error of the mean. 

 

Mediation analysis then examined whether the proportion of time participants fixated on the 

location where the tested item had appeared mediated the relationship between value and 

recall error. As in the main analyses, separate mediation models were conducted for the 

overall value effect (low vs high value), the value boost (equal vs high value), and the value 

cost (equal vs low value). The outcomes are presented in Figure S.8.2. The effect of value on 

recall error was partially mediated by the proportion of time participants fixated on the 

location where the tested item appeared during maintenance in all models. The indirect 

effects were –2.38 for the overall value effect (low vs high; 95% CI: -3.02 - -1.80; p < .001), 

-1.29 for the value boost (equal vs high; 95% CI: -1.90--0.78; p < .001), and 0.55 for the 

value cost (equal vs low; 95% CI: 0.22-0.89; p < .001). The proportion of the effect mediated 

was 0.08 (95% CI: 0.06-0.10; p < .001) for the overall value effect (low vs high), 0.05 (95% 
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CI: 0.03-0.08; p < .001) for the value boost (equal vs high), and 0.09 (95% CI: 0.03-0.19; p < 

.001) for the value cost (equal vs low). These outcomes indicate the effect of value is 

partially mediated by the proportion of time participants spend fixating on the location of an 

item during maintenance. However, the mediation effect was smaller than that observed 

when examining the equivalent measure during encoding (see main body).  
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Figure S.8.2 

Outcomes from the Mediation Analysis in Experiment 1 Examining Maintenance Fixation 

Duration as a Mediator 

 

Note. Panel A reflects the overall value effect (low vs high value), Panel B reflects the value 

boost (equal vs high value), and Panel C reflects the value cost (equal vs low value). In all 

panels, the upper diagram reflects the total effect of value on recall error. The lower diagram 

shows the mediation analysis. All models included a random intercept of participant ID. 
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+ denotes reference category. *** p < .001, ** p < .01, * p < .05. 
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9. Experiment 2: Behavioural outcomes for all participants 

 

This analysis includes all participants with usable behavioural data (N = 39). This includes 

one additional participant excluded from the analysis in the main body due to poor eye-

tracking. Mean recall error is displayed in Figure S.9.1.A, as a function of value. Figure 

S.9.1.B displays the difference in recall error between the value conditions. A one-way 

repeated measures ANOVA was conducted to investigate the effect of value on recall error. 

There was a significant effect of value (GG-corrected F(1.68, 63.87) = 9.04, MSE = 274.89, 

p < .001, 𝜂!
" = .19; BF10 = 1401.48). Post-hoc tests revealed that recall error for items worth 4 

points (M = 51.4, SE = 2.77) was significantly lower than items worth 1 point (M = 64.4, SE 

= 2.13, p = .007, d = -0.56; BF10 = 24.71), 2 points (M = 63.2, SE = 2.16; p = .007, d = -0.56; 

BF10 = 25.47) and 3 points (M = 57.0, SE = 1.94; p = .014, d = -0.50; BF10 = 9.91). 

Furthermore, recall error was marginally significantly lower for items worth 3 points relative 

to those worth 1 point (p = .043, d = -0.38; BF10 = 2.16) and 2 points (p = .042, d = -0.41; 

BF10 = 3.11). As in the main analyses, there was no significant difference between items 

worth 2 and 1 points (p = .551, d = -0.10), with BF evidence against an effect (BF10 = 0.20).  

 

Thus, the conclusions were identical to those reported in the main body (except that recall 

error was marginally significantly lower for items worth 3 points than those worth 1 and 2 

points in the current analyses, but not in the analysis reported in the main body).  

 

Figure S.9.1 

Task Performance in Experiment 2 for all Participants With Usable Task Data (N = 40) 
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Note. Panel A displays mean recall error, as a function of value (higher recall error reflects 

worse performance). Panel B displays the mean difference between the value conditions, 

calculated as the first condition listed minus the second (e.g. the figure for 4 vs 1 for a given 

participant was calculated by subtracting their mean recall error in the “1” point value 

condition from their mean recall error in the “4” point value condition). Across panels, bold 

points reflect mean across participants, whilst error bars denote standard error. Lighter circles 

in the background indicate individual participants’ mean.  
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10. Experiment 2: Behavioural outcomes for only trials with fixations recorded for 

participants analysed in main body (N = 38). 

 

This analysis reports behavioural outcomes for participants reported in the main body, but 

focusing only on trials with usable eye-tracking data (N = 38). Mean recall error as a function 

of value is displayed in Figure S.10.1.A, whilst the mean difference in recall error between 

conditions is displayed in Figure S.10.1.B. A one-way repeated measures ANOVA revealed a 

significant effect of value (GG-corrected F(1.67, 61.88) = 8.25, MSE = 278.64, p < .001, 𝜂!
" 

= .18; BF10 = 571.48). Post-hoc tests revealed that recall error for items worth 4 points (M = 

51.5, SE = 2.83) was significantly lower than items worth 1 point (M = 64.2, SE = 2.16, p = 

.011, d = -0.55; BF10 = 18.28), 2 points (M = 62.6, SE = 2.16; p = .012, d = -0.53; BF10 = 

13.99) and 3 points (M = 56.8, SE = 1.99; p = .025, d = -0.47; BF10 = 6.32). None of the other 

comparisons were significant following correction (p ≥ .065; d = -0.13 - -0.39; BF10 ≤ 2.15). 

Further, as in the main analyses, the BF analysis revealed evidence against a difference 

between items worth 1 and 2 points (BF10 = 0.23). Therefore, the conclusions from this 

analysis did not differ from those presented in the main body. 

 

Figure S.10.1 

Task Performance in Experiment 1 for only Trials With Eye-Tracking Fixations Recorded 

During the Encoding Phase (N = 39) 

 

Note. Panel A displays mean recall error, as a function of value (higher recall error reflects 

worse performance). Panel B displays the mean difference between the value conditions, 

calculated as the first condition listed minus the second (e.g. the figure for 4 vs 1 for a given 
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participant was calculated by subtracting their mean recall error in the “1” point value 

condition from their mean recall error in the “4” point value condition). Across panels, bold 

points reflect mean across participants, whilst error bars denote standard error. Lighter circles 

in the background indicate individual participants’ mean. 
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11. Experiment 2 response time analyses (N = 38) 

 

As in Experiment 1, we conducted analyses of the response times to rule out a speed-

accuracy trade off. This was conducted using the data for all trials in participants included in 

the final sample. 

 

Pre-processing 

 

The same pre-processing steps were applied as in Experiment 1: we first excluded trials 

where the response time was over 20,000ms (20 seconds; 10 trials excluded) and then 

excluded trials that were 2.5 SDs above or below the mean for each value condition for each 

participant. 

 

Results  

 

Mean response times as a function of value are displayed in Figure S.11.1.A, whilst Figure 

S.11.1.B displays the difference in response times between the three value conditions. A one-

way repeated measures ANOVA was conducted to investigate the effect of value (three 

levels: High, Equal, Low) on response times. There was no significant effect of value (GG-

corrected, F(2.39, 88.38) = 0.26, MSE = 106723.55, p = .809, 𝜂!
" = .01; BF10 = 0.05, BF01 = 

21.39). 
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Figure S.11.1 

Response Times in Experiment 2 

 

 
Note. Panel A displays mean response times, as a function of value. Panel B displays the 

mean difference between the three value conditions. The dotted line at 0 reflects no 

difference. Values above 0 indicate slower response times in the first condition listed, whilst 

values below 0 indicate faster response times in the first condition listed. Across panels, bold 

points reflect the mean across participants, while lighter circles in the background show each 

participant’s mean. Error bars show +/- 1 standard error (SE) of the mean. 
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12. Experiment 2: Analysis of the proportion of fixations and length of individual 

fixations 

 

Proportion of fixations 

 

We first analyzed the proportion of fixations (a measure which ignores the length of 

fixations), which was calculated in the same manner as in Experiment 1. Given that all items 

differed in their value in this experiment, separate proportions were computed for each of the 

four value levels. The mean proportion of fixations during encoding is displayed in Figure 

S.12.1.A, as a function of item value. The difference between value condition pairs is 

displayed in Figure S.12.1.B. Firstly, a one-way ANOVA was conducted to examine whether 

the proportion of fixations towards items differed as a function of value (four levels [within-

subject]: 1-4 points). This revealed a significant effect of value (GG-corrected F(1.29, 47.71) 

= 17.21, MSE = 0.02, p < .001, 𝜂!
" = .32, BF10 > 10,000). Post-hoc tests revealed that the 

proportion of fixations during the encoding phase was higher for items associated with four 

points (M = 0.32, SE = 0.02) relative to those associated with one point (M = 0.19, SE = 0.01; 

p < .001; d = 0.76; BF10 = 583.52), two points (M = 0.21, SE = 0.01; p = .001; d = 0.68; BF10 

= 154.17), and three points (M = 0.28, SE = 0.01, p = .006, d = 0.51; BF10 = 11.61). 

Moreover, the proportion of fixations towards items associated with three points was greater 

than those associated with one point (p = .001, d = 0.65; BF10 = 102.21) and two points (p = 

.003, d = 0.58; BF10 = 29.01). Finally, the proportion of fixations towards items worth two 

points was greater than those worth one point (p = .006, d = 0.49; BF10 = 7.82).  

 

A series of four one-sample t-tests (corrected using Bonferroni-Holm) were then performed 

comparing the proportion in each value condition to the value expected given an equal 

distribution of attention to all items (0.25). The proportion of fixations on the items worth 

four points (t(37) = 4.44, p < .001, d = 0.72; BF10 = 305.47) and three points (t(37) = 2.90, p 

= .006, d = 0.47; BF10 = 6.18), were significantly greater than 0.25. The opposite pattern 

emerged for items worth two points (t(37) = -3.66, p = .002, d = -0.59; BF10 = 38.74) and one 

point (t(37) = -4.64, p < .001, d = -0.75; BF10 = 532.96), with proportions significantly less 

than 0.25.  

 

Figure S.12.1 

Proportion of Fixations and Length of Individual Fixations in Experiment 2 
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Note. Panel A: Mean proportion of fixations, as a function of value. The dotted horizontal 

line at 0.25 reflects the proportion expected if fixations were equally distributed across the 

four-item display. Panel B: Mean difference in the proportion of fixations for each value pair 

comparison. The dotted horizontal line at 0 reflects no difference. Values above 0 indicate 

that the proportion of fixations were higher for the first condition listed relative to the second. 

Meanwhile, values below 0 indicate that the proportion of fixations were lower for the first 

condition listed relative to the second. Panel C: Mean duration per fixation, as a function of 

value. Panel D: Mean difference in the duration per fixation for each value pair comparison.  

dotted horizontal line at 0 reflects no difference. Values above 0 indicate that participants’ 

individual fixations were longer for the first condition listed relative to the second. 

Meanwhile, values below 0 indicate that participants’ individual fixations were shorter for the 

first condition listed relative to the second. For all panels, error bars denote standard error and 

lighter dots in the background reflect means for individual participants.  

 

Length of individual fixations 

 

We next examined whether the mean length of individual fixations differed as a function of 

value. This analysis was comparable to the analysis performed in Experiment 1. The mean 

duration of individual fixations is displayed in Figure S.12.1.C, whilst the difference in 
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fixation length between value condition pairs is shown in Figure S.12.1.D. A one-way 

repeated measures ANOVA (four levels: 1-4 points) found a significant effect of value (GG-

corrected F(1.49, 55.14) = 13.37, MSE = 15234.10, p < .001, 𝜂!
" = .27, BF10 > 10,000). Post-

hoc tests revealed that the mean fixation length was longer for items associated with four 

points (M = 452, SE = 35.1) than for items associated with one point (M = 343, SE = 21.9, p 

= .001, d = 0.69; BF10 = 187.54), two points (M = 344, SE = 20.6, p = .003, d = 0.62; BF10 = 

57.06), and three points (M = 392, SE = 23.8, p = .011, d = 0.49; BF10 = 8.55). Moreover, 

fixations towards items associated with three points were longer than those associated with 

one point (p = .011, d = 0.52; BF10 = 12.15) and two points (p = .011; d = 0.52; BF10 = 12.99). 

There was no significant difference in the length of fixations to items associated with one and 

two points (p = .963; d = 0.01), with BF evidence in favor of no effect (BF10 = 0.17). 
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13. Fixations including screen centre as an area of interest (AOI; Experiment 2) 

 

Figure S.13.1 shows the mean proportion of the encoding phase participants spent fixating on 

the spatial location of items worth 1 point, 2 points, 3 points, 4 points, the screen centre10, 

and other areas of the screen.  

 

Figure S.13.1 

Mean Proportion of the Encoding Phase Participants Spent Fixating on the Items (as a 

Function of Value), the Screen Centre, and Other Areas of the Screen 

 
 

Note. Unlike in Experiment 1, data for 1 point, 2 points, 3 points, 4 points all reflect fixations 

to only one item per trial (as all items presented in each trial in this experiment had a 

different value). 

 

 

 

 

 

 

 

 

 
10 The area of interest (AOI) was 350x350 pixels around the screen centre. 
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14. Encoding fixation duration as a mediator (further analysis; Experiment 2) 

 

A pair of mediation models were conducted to investigate whether encoding fixation duration 

still partially mediated the effect of value on recall error after trials were excluded whether 

the first fixation was on the tested item. This investigates whether encoding fixation duration 

mediates the relationship after accounting for a primacy effect. The first model included 

value as a continuous variable (1-4). The second model compared values 1 and 4. The 

outcomes are presented in Figure S.14.1.  

 

For the model with value as a continuous variable, the indirect effect was -1.23 (95% CI: --

1.56--0.93; p < .001), and the proportion mediated was 0.38 (95% CI: 0.25-0.65; p < .001). 

For the model comparing values 1 vs 4 only, the indirect effect was -0.99 (95% CI: -1.39--

0.64; p < .001), and the proportion mediated was 0.28 (95% CI: 0.17-0.52; p < .001).  

 

These outcomes indicate the effect of value on recall error is partially mediated by the 

proportion of time participants spend fixating on an item during encoding, even after when 

removing trials where the first item fixated on was the tested item.  
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Figure S.14.1 

Outcomes from the Mediation Analysis in Experiment 2 Examining Encoding Fixation 

Duration as a Mediator, After Excluding Trials Where the First Fixation was on the Tested 

Item 

 

Note. Panel A: Outcomes from the mediation model, when considering all four value 

conditions (values 1-4), entered into the model as a continuous predictor. Panel B: Outcomes 

from a mediation model, comparing “1” and “4” point values (comparable to the “Low” vs 

“High” mediation analyses in Experiment 1). In this latter model, the “1” point condition was 

entered as the reference category (denoted in the figure by (+)). In both panels, the upper 

diagram displays the total effect of value on recall error. The lower diagram shows the 

mediation analysis. All models included a random intercept of participant ID. *** p < .001, 

** p < .01, * p < .05. 
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15. Experiment 2: Maintenance fixation duration 

 

As in Experiment 1, analysis was performed to investigate whether the proportion of 

maintenance time participants spent fixating on locations in which items had appeared differs 

as a function of value; and whether this factor mediates the relationship between value and 

recall error. 

 

Data processing 

 

In addition to the one participant excluded in the main analysis (see Participant section of 

Experiment 1), one further participant was excluded as the number of trials with no fixations 

during maintenance was over 2.5 standard deviations above the mean. The analysis was 

therefore performed on data for 37 participants. The percentage of trials with no recorded 

fixations was low in this dataset (M = 0.84, SD = 1.66). Trials with no recorded fixations 

were excluded. Following this, the mean number of fixations across participants in the 

maintenance phase was 4.47  (SD = 0.67; Range = 2.88-5.62). 

 

Results 

 

Figure S.15.1A displays the proportion of maintenance time participants spent fixating on the 

location where items had appeared, as a function of value. Figure S.15.1B shows the 

difference in the proportion of maintenance time between value conditions. A one-way 

repeated measures ANOVA was conducted with value (three levels: High, Equal, Low) as the 

independent variable and the proportion of maintenance time as the dependent variable. 

There was a significant effect of value (GG-corrected F(1.56, 56.28) = 11.06, MSE < 0.01, p 

< .001, 𝜂!
" = .24; BF10 > 10,000). Participants spent a significantly higher proportion of the 

maintenance phase fixating on the location where an item worth 4 points had appeared (M = 

.08, SE = .01), relative to those worth 1 point (M = .04, SE < .01; p = .005; d = 0.60; BF10 = 

38.48) and 2 points (M = .04, SE < .01; p = .006; d = 0.57; BF10 = 23.72). Participants also 

spent a greater proportion of time fixating on the location where an item worth 3 points (M = 

.06, SE = .01) had appeared relative to those worth 1 point (p = .005, d = 0.59; BF10 = 32.00) 

or 2 points (p = .006, d = 0.56; BF10 = 20.28). No significant differences emerged between 

items associated with 4 and 3 points (p = .175, d = 0.29; BF10 = 0.71, BF01 = 1.41), or 2 and 1 

points (p = .293, d = 0.18; BF10 = 0.30; BF01 = 3.34).  



 91 

Figure S.15.1 

The Proportion of the Maintenance Phase Participants Spent Fixating on Items in 

Experiment 2 

 
Note. Panel A displays mean proportion of the maintenance time participants spent fixating 

on an item as a function of value. Panel B displays the mean difference in maintenance time 

between the value conditions. The dotted line at 0 reflects no difference. Values above 0 

indicate that participants fixated on the first condition listed for a higher proportion of the 

encoding phase relative to the second condition listed. Meanwhile, values below 0 indicate 

that participants fixated on the first condition listed for a lower proportion of the encoding 

phase relative to the second level listed. Across panels, bold points reflect the mean across 

participants, while lighter circles in the background show each participant’s mean. Error bars 

show +/- 1 standard error of the mean. 

 

Mediation analysis then examined whether the proportion of time participants fixated on the 

location where the tested item had appeared mediated the relationship between value and 

recall error. The same models were conducted as in the main analyses described in the main 

body (i.e. treating value as continuous, and examining the lowest vs highest value levels (1 

and 4 points)). The outcomes are displayed in Figure S.15.2. For the model treating value as 

continuous, the indirect effect was -0.74 (95% CI: -0.95--0.56; p < .001), and the proportion 

of the effect mediated was 0.16 (95% CI: 0.12-0.23; p < .001). For the model comparing the 

lowest and highest value levels, the indirect effect was -2.03 (95% CI: --2.76--1.38; p < .001), 

and the proportion of the effect mediated was 0.16 (95% CI: 0.10-0.23, p < .001). Therefore, 

the effect of value on recall error was partially mediated by the proportion of maintenance 
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time participants fixated on the location where the tested item appeared. However, as in 

Experiment 1, the proportion of the effect explained by fixation time during maintenance was 

considerably smaller than that explained by the fixation time during encoding.  

 

Figure S.15.2. 

Outcomes from the Mediation Analysis in Experiment 2, Investigating Proportion of Fixation 

Time during Maintenance as the Mediator.  

 
Note. Panel A: Outcomes from the mediation model, when considering all four value 

conditions (values 1-4), entered into the model as a continuous predictor. Panel B: Outcomes 

from a mediation model, comparing “1” and “4” point values (comparable to the “Low” vs 

“High” mediation analyses in Experiment 1). In this latter model, the “1” point condition was 

entered as the reference category (denoted in the figure by (+)). In both panels, the upper 

diagram displays the total effect of value on recall error. The lower diagram shows the 



 93 

mediation analysis. All models included a random intercept of participant ID. + denotes 

reference category. *** p < .001, ** p < .01, * p < .05. 

 

 


