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Introduction 

A central goal of selective attention research is to determine under what conditions 
individuals can effectively focus on task-relevant targets while filtering out distractors. One 
influential line of research has shown that, counterintuitively, increasing the number of 
irrelevant neutral stimuli in the visual field reduces distractor interference. This set size 
effect has traditionally been interpreted within the framework of Perceptual Load Theory 
(Lavie, 1995; Lavie and Tsal, 1994), which attributes the effect to increased task difficulty 
associated with processing a larger number of irrelevant items, leaving insufficient capacity 
for processing distractors. The set size effect has also been explained by an alternative 
account—the Dilution account (Benoni and Tsal, 2010; Tsal and Benoni, 2010; Wilson et al., 
2011), which attributes the effect to representational competition between the distractor 
and additional irrelevant stimuli, irrespective of task load. 

Several recent studies have drawn conclusions about the dilution account based 
solely on manipulations of perceptual load, without directly testing dilution through a 
specific condition. This Opinion article offers a focused commentary on this recurring 
methodological, interpretational, and conceptual issue. The structure of the article is as 
follows: first, I briefly introduce the perceptual load theory and the dilution account, 
highlighting the conceptual distinction between them. Next, I present a representative 
review of studies that have inferred conclusions about the dilution account based solely 
on the manipulation of perceptual load. I then outline the conceptual, methodological, and 
inferential flaws in this approach and support the critique with empirical findings. Finally, 
I offer a summary and propose directions for future research. 

A brief introduction to perceptual load theory and 
the dilution account 

Perceptual Load Theory (PLT) (Lavie, 1995; Lavie and Tsal, 1994; Lavie, 2005), one of 
the most influential theories of attention, proposes that the processing load of the relevant 
task determines the extent to which irrelevant distractors are processed. If target processing 
does not exhaust attentional resources (i.e., under low task load), leftover resources will 
spill over to process distractors, thereby producing interference. However, when target 
processing depletes all attentional resources (under high task load), distractor processing 
can be prevented. In a classic set-size manipulation of perceptual load, participants are 
required to identify a target letter that appears either alone (Low-Load condition) or among 
non-target neutral letters (High-Load condition). The efficiency of selection is measured by 
the effect of an incongruent vs. a congruent distractor appearing in the periphery (Flanker 
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Effect). Typically, consistent with PLT predictions, substantial 
distractor interference under Low-Load conditions is reduced or 
eliminated under High-Load displays (e.g., Lavie and Cox, 1997; 
Maylor and Lavie, 1998; Lavie and Fox, 2000; Forster and Lavie, 
2007). This beneficial effect of high set-size displays on selection 
has been interpreted as the Perceptual Load Effect (PLE), assuming 
that task load, manipulated via display set size, causes this effect. 

The Dilution account (Benoni and Tsal, 2010; Tsal and Benoni, 
2010; Wilson et al., 2011) was proposed as an alternative framework 
for interpreting the so-called PLE and understanding how high set-
size displays influence distractor processing. It suggests that the 
reduction in distractor interference under High-Load conditions 
need not be attributed to increased task demands, namely, the effort 
required to search for the target among neutral items, as proposed 
by PLT—but may instead result from dilution: the weakening of 
distractor processing due to the presence of additional neutral 
stimuli. These stimuli may compete with the distractor, irrespective 
of task load. 

To test this hypothesis, Benoni and Tsal (2010), Tsal and Benoni 
(2010), and Wilson et al. (2011) introduced a critical condition 
characterized by low perceptual load but high dilution potential. 
These dilution displays included neutral letters, similar to High-
Load displays, but were designed to minimize task demands by 
eliminating the need to search for the target. For example, in 
this condition, the target differed in color from the heterogeneous 
neutral letters, making it easily distinguishable and enabling Low-
Load processing despite the presence of multiple items (e.g., Benoni 
and Tsal, 2010, Experiment 1). Figure 1 illustrates the distinction 
between load and dilution effects based on these displays. 

Across the experiments in these studies, which used varied 
converging operations, distractor interference in the Dilution 
condition was either eliminated or markedly reduced compared to 
the original Low-Load condition. These findings support the view 
that the reduction of interference under High-Load conditions, 
typically attributed to load, may, in fact, result from dilution (see 
also Benoni and Tsal, 2012; Benoni et al., 2014; Dittrich and Stahl, 
2011; Marciano and Yeshurun, 2011; Mevorach et al., 2014; Tan 
et al., 2018). 

Studies challenging the dilution 
account based on null load effects: a 
representative review 

Several studies have questioned Perceptual Load Theory (PLT) 
independently of the dilution account, based on alternative 
considerations. These studies manipulated variables that influence 
attentional deployment or post-perceptual processes, and have 
shown that distractor interference can remain significant, or even 
increase, under High-Load conditions compared to Low-Load 
conditions (e.g., Biggs and Gibson, 2010; Eltiti et al., 2005; Lleras 
et al., 2017; Marciano and Yeshurun, 2011; Normand et al., 2015; 
Theeuwes et al., 2004; Roper and Vecera, 2013; Yeshurun and 
Marciano, 2013). 

Among these studies that question PLT due to the absence of a 
load effect, several have also challenged the dilution account based 
on the same observation (e.g., Cosman et al., 2016; Lleras et al., 

2017; Eayrs et al., 2024; Weissman et al., 2018). The underlying 
reasoning appears to be as follows: if dilution is the mechanism 
responsible for the reduction in distractor interference observed 
in High-Load conditions, then such reduction should consistently 
occur whenever High-Load conditions are used. Therefore, the 
absence of reduced interference in these conditions is taken as 
evidence against the dilution mechanism. 

For instance, in a recent study by Eayrs et al. (2024), 
participants completed a visual search task with intermixed High-
, Low-, and Intermediate-Load trials, each preceded by a cue 
indicating the expected load level. The findings revealed that the 
reduction in distractor interference under High-Load was not 
consistent; it emerged only when participants both anticipated a 
High-Load trial and had previously experienced one. The authors 
argued that these results challenge not only perceptual load theory 
but also the dilution account, noting that “although the PLT and 
dilution accounts differ in the underlying mechanism of the effect, 
they both attribute reduced flanker interference in high load to the 
perceptual elements of the display” (p. 770). 

In another study by Lleras et al. (2017), the authors revisited 
Forster and Lavie’s (2008) procedure to test whether task load affects 
the susceptibility of the attention system to capture by entirely 
irrelevant stimuli. In this paradigm, as in typical load manipulations 
(Lavie and Cox, 1997), participants were tasked with identifying a 
target letter under Low- and High-Load conditions. Distractibility 
was assessed by comparing trials in which an irrelevant peripheral 
distractor (e.g., a real-world object or cartoon) appeared with non-
distractor trials. While Lleras et al. replicated the perceptual load 
effect (PLE) under identical conditions to the original experiments, 
they observed that variations in the paradigm, such as increasing 
the proportion of distractor trials from 20 to 33% (Experiment 1) 
or extending the presentation time from 100 to 200 ms (Experiment 
2), resulted in enhanced rather than reduced distractor interference 
under High-Load condition. The authors concluded that these 
findings challenge both the dilution account and the perceptual 
load theory, stating that “the two theories both predict reduced 
effects of the ‘irrelevant’ stimulus on target processing in high 
perceptual load conditions” (p. 174). 

Does the absence of a load effect 
preclude a dilution effect? 

Can the absence of a load effect truly inform us about the 
absence of a dilution effect? I argue that it cannot. The absence 
of a perceptual load effect does not constitute sufficient evidence 
against the existence of a dilution effect. Observations of the 
reverse load effect, as well as findings demonstrating dilution 
effects in the absence of perceptual load effects, suggest that valid 
conclusions about dilution require the inclusion of a dedicated 
dilution condition in the experimental design. 

The “reverse load effect” 

Inference about the absence of a dilution effect from the 
absence of a perceptual load effect (PLE) is often based on an 
implicit assumption drawn from the early dilution studies (Benoni 
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FIGURE 1 

Examples of stimulus displays from Experiment 1 of Benoni and Tsal (2010), representing three experimental conditions: low-Load (low dilution), 
High-Load (high dilution), and a “Dilution” condition (low-load with high dilution). The illustrated displays depict incongruent trials, in which the 
distractor letter (“H”) differs from the target letter (“S”). In congruent trials, both the distractor and the target share the same identity (e.g., both are “S” 
or both are “H”). 

and Tsal, 2010; Tsal and Benoni, 2010), that the PLE is, in 
fact, a dilution effect. That is, that a single mechanism, namely 
dilution, accounts for the difference in distractor interference 
between Low- and High-Load displays. However, a posteriori 
findings from those early studies and subsequent work suggest 
otherwise. Specifically, comparisons between High-Load and 
Dilution conditions, originally assumed to produce similar levels 
of distractor interference, revealed an unexpected pattern in several 
manipulations: distractor interference was greater in the High-Load 
condition than in the Dilution condition (e.g., Tsal and Benoni, 
2010; Benoni and Tsal, 2012; Wilson et al., 2011). This result, 
in which High-Load increases distractor interference relative to a 
condition that includes dilution but no search demands, has been 
termed the reverse load effect. 

The reverse load effect suggests several important conclusions: 
First, it indicates that High-Load and Dilution conditions are 
not functionally equivalent with respect to distractor interference. 
Second, when considering the structure of the High-Load condition 
in set-size manipulations, it becomes evident that it consists of two 
components relative to the Low-Load condition: (1) increased task 
demands due to the need to search for the target among neutral 
items—the load component; and (2) the presence of additional 
neutral stimuli—the dilution component. Third, given that High-
Load displays sometimes lead to increased distractor interference 
compared to Dilution displays, it follows that the load component 
may actually enhance distractor interference, working in the 
opposite direction of the dilution mechanism. This unexpected 
increase in distractor interference under High-Load conditions 
may have multiple interpretations. One possibility is that such 
displays impose cognitive demands—such as increased working 
memory load or reduced top-down control, thereby increasing 
distractor interference. While this explanation relies on cognitive 
rather than perceptual load mechanisms (Lavie, 2005), it further 
underscores the conceptual need to distinguish between dilution 
and load. 

Taken together, these observations demonstrate that one 
cannot infer the absence of a dilution effect from the absence 
of a perceptual load effect. The two mechanisms may operate 
independently, and in some cases, even antagonistically. 

Data supporting dilution effects in the 
absence of perceptual load effects 

Support for the idea of distinct ’load’ and ’dilution’ components 
was also obtained from the study by Benoni et al. (2014). Following 
the study by Theeuwes et al. (2004), the purpose of the study was 
to assess the potential separate effects of the viewers’ attentional 
set (operationally manipulated through blocked vs. mixed designs) 
on load and dilution effects. This objective was achieved by 
replicating Theeuwes’ load manipulation study, with the addition 
of a new Dilution condition. The results indicated that while 
attentional set interacted with task load (as shown in Theeuwes’ 
study), it did not interact with “dilution.” Specifically, the Dilution 
condition reduced distractor interference compared to the Low-
Load condition, in both mixed and fixed designs. These findings 
suggest that the viewers’ attentional window influences the “load” 
component but not the “dilution” component. Furthermore, they 
may imply that dilution operates as a more automatic process, that 
is less affected by attentional allocation (see also Mevorach et al., 
2014). 

Discussion 

Evidence of the “reverse load effect” and data showing 
dilution effects in the absence of perceptual load effects suggest 
that the “dilution” component and the “load” component may 
independently influence distractor processing. Furthermore, it is 
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possible that all attentional or post-perceptual factors shown to 
modulate PLEs in previous studies (e.g., Biggs and Gibson, 2010; 
Cosman et al., 2016; Eayrs et al., 2024; Eltiti et al., 2005; Lleras 
et al., 2017; Marciano and Yeshurun, 2011; Normand et al., 
2015; Theeuwes et al., 2004; Roper and Vecera, 2013; Yeshurun 
and Marciano, 2013) influence the “load” component but not 
the “dilution” component, or perhaps affect these components 
differently. The “load” component may confer certain advantages 
and disadvantages that are unrelated to the dilution mechanism. 
For instance, considering the idea that narrowing the attentional 
zoom is more efficient in High-Load conditions than in Low-
Load conditions (e.g., Theeuwes et al., 2004), this advantage may 
result from active searching- that is, from “task load”- rather 
than from “dilution.” Similarly, the search function may lead to 
disadvantages, such as increased reaction time and, consequently, 
a higher probability of distraction, which are not inherent to the 
dilution component. Therefore, to draw valid conclusions about 
the influence of specific factors on dilution effects, it is crucial that 
research designs include a distinct Dilution condition. 

Finally, distinguishing properly between dilution and task load 
is also important for understanding how these components may 
interact with alternative accounts proposed in the literature, such 
as attentional control settings (Theeuwes et al., 2004), relative 
activation (Yeh and Lin, 2013), and distractor saliency (Biggs and 
Gibson, 2014; see also Murphy et al., 2016, for a broader perspective 
and review of such alternatives). Methodologically, any attempt to 
assess the separate effects of dilution, load, and other variables must 
ensure that the dilution component is properly disentangled from 
task-related processing demands. 

Author contributions 

HB: Writing – original draft, Writing – review & editing. 

Funding 

The author(s) declare that financial support was received for the 
research and/or publication of this article. This work was supported 
by the Israel Science Foundation (Grant no. 2025/22). 

Conflict of interest 

The author declares that the research was conducted in the 
absence of any commercial or financial relationships that could be 
construed as a potential conflict of interest. 

Generative AI statement 

The author(s) declare that Gen AI was used in the creation of 
this manuscript. Generative AI was used only for language-related 
corrections, including spelling and grammar checks. 

Any alternative text (alt text) provided alongside figures in 
this article has been generated by Frontiers with the support of 
artificial intelligence and reasonable efforts have been made to 
ensure accuracy, including review by the authors wherever possible. 
If you identify any issues, please contact us. 

Publisher’s note 

All claims expressed in this article are solely those of the 
authors and do not necessarily represent those of their affiliated 
organizations, or those of the publisher, the editors and the 
reviewers. Any product that may be evaluated in this article, or 
claim that may be made by its manufacturer, is not guaranteed or 
endorsed by the publisher. 

References 

Benoni, H., and Tsal, Y. (2010). Where have we gone wrong? Perceptual 
load does not affect selective attention. Vision Res. 50, 1292–1298. 
doi: 10.1016/j.visres.2010.04.018 

Benoni, H., and Tsal, Y. (2012). Controlling for dilution while manipulating load: 
perceptual and sensory limitations are just two aspects of task difficulty. Psychon. Bull. 
Rev. 19, 631–638. doi: 10.3758/s13423-012-0244-8 

Benoni, H., Zivony, A., and Tsal, Y. (2014). Attentional sets influence 
perceptual load effects, but not dilution effects. Q. J. Exp. Psychol. 67, 785–792. 
doi: 10.1080/17470218.2013.830629 

Biggs, A. T., and Gibson, B. S. (2010). Competition between color salience and 
perceptual load during visual selection can be biased by top down set. Atten. Percept. 
Psychophys. 72, 53–64. doi: 10.3758/APP.72.1.53 

Biggs, A. T., and Gibson, B. S. (2014). Visual salience can co-exist with 
dilution during visual selection. J. Exp. Psychol. Hum. Percept. Perform. 41, 7–14. 
doi: 10.1037/a0033922 

Cosman, J. D., Mordkoff, J. T., and Vecera, S. P. (2016). Stimulus recognition occurs 
under high perceptual load: evidence from correlated flankers. J. Exp. Psychol. Hum. 
Percept. Perform. 42, 2077–2083. doi: 10.1037/xhp0000278 

Dittrich, K., and Stahl, C. (2011). Nonconcurrently presented auditory tones reduce 
distraction. Atten. Percept. Psychophys. 3, 714–719. doi: 10.3758/s13414-010-0064-8 

Eayrs, J. O., Kukkonen, N., Prutean, N., Steendam, S. T., Boehler, C. N., Wiersema, 
J. R., et al. (2024). Attentional set and explicit expectations of perceptual load 
determine flanker interference. J. Exp. Psychol. Hum. Percept. Perform. 7, 769–784. 
doi: 10.1037/xhp0001217 

Eltiti, S., Wallace, D., and Fox, E. (2005). Selective target processing: perceptual load 
or distractor salience? Percept. Psychophys. 67, 876–885. doi: 10.3758/BF03193540 

Forster, S., and Lavie, N. (2007). High perceptual load makes everybody equal. 
Psychol. Sci. 18, 377–381. doi: 10.1111/j.1467-9280.2007.01908.x 

Forster, S., and Lavie, N. (2008). Failures to ignore entirely irrelevant distractors: the 
role of load. J. Exp. Psychol. Appl. 14, 73–83. doi: 10.1037/1076-898X.14.1.73 

Lavie, N. (1995). Perceptual load as a necessary condition for selective attention. J. 
Exp. Psychol. Hum. Percept. Perform. 21, 451–468. doi: 10.1037//0096-1523.21.3.451 

Lavie, N. (2005). Distracted and confused? Selective attention under load. Trends 
Cogn. Sci. 9, 75–82. doi: 10.1016/j.tics.2004.12.004 

Lavie, N., and Cox, S. (1997). On the efficiency of visual selective attention: 
efficient visual search leads to inefficient distractor rejection. Psychol. Sci. 8, 395–398. 
doi: 10.1111/j.1467-9280.1997.tb00432.x 

Lavie, N., and Fox, E. (2000). The role of perceptual load in negative priming. 
J. Exp. Psychol. Hum. Percept. Perform. 26, 1038–1052. doi: 10.1037//0096-1523.26. 
3.1038 

Lavie, N., and Tsal, Y. (1994). Perceptual load as a major determinant of 
the locus of selection in visual attention. Percept. Psychophys. 56, 183–197. 
doi: 10.3758/BF03213897 

Lleras, A., Chu, H., and Buetti, S. (2017). Can we apply the findings of Forster 
and Lavie (2008)? On the generalizability of attentional capture effects under varying 
levels of perceptual load. J. Exp. Psychol. Appl. 23, 158–179. doi: 10.1037/xap00 
00116 

Frontiers in Cognition 04 frontiersin.org 

https://doi.org/10.3389/fcogn.2025.1558164
https://doi.org/10.1016/j.visres.2010.04.018
https://doi.org/10.3758/s13423-012-0244-8
https://doi.org/10.1080/17470218.2013.830629
https://doi.org/10.3758/APP.72.1.53
https://doi.org/10.1037/a0033922
https://doi.org/10.1037/xhp0000278
https://doi.org/10.3758/s13414-010-0064-8
https://doi.org/10.1037/xhp0001217
https://doi.org/10.3758/BF03193540
https://doi.org/10.1111/j.1467-9280.2007.01908.x
https://doi.org/10.1037/1076-898X.14.1.73
https://doi.org/10.1037//0096-1523.21.3.451
https://doi.org/10.1016/j.tics.2004.12.004
https://doi.org/10.1111/j.1467-9280.1997.tb00432.x
https://doi.org/10.1037//0096-1523.26.3.1038
https://doi.org/10.3758/BF03213897
https://doi.org/10.1037/xap0000116
https://www.frontiersin.org/journals/cognition
https://www.frontiersin.org


Benoni 10.3389/fcogn.2025.1558164 

Marciano, H., and Yeshurun, Y. (2011). The effects of perceptual load in 
central and peripheral regions of the visual field. Vis. cogn. 19, 367–391. 
doi: 10.1080/13506285.2010.537711 

Maylor, E. A., and Lavie, N. (1998). The influence of perceptual load 
on age differences in selective attention. Psychol. Aging 13, 563–573. 
doi: 10.1037/0882-7974.13.4.563 

Mevorach, C., Tsal, Y., and Humphreys, G. W. (2014). Low level perceptual, not 
attentional, processes modulate distractor interference in high perceptual load displays: 
evidence from neglect/extinction. Front. Psychol. 4:966. doi: 10.3389/fpsyg.2013.00966 

Murphy, G., Groeger, J. A., and Greene, C. M. (2016). Twenty years of load theory— 
where are we now, and where should we go next?. Psychon. Bull. Rev. 23, 1316–1340. 
doi: 10.3758/s13423-015-0982-5 

Normand, A., Autin, F., and Croizet, J. C. (2015). Evaluative pressure 
overcomes perceptual load effects. Psychon. Bull. Rev. 22, 737–742. 
doi: 10.3758/s13423-014-0729-8 

Roper, Z. J. J., and Vecera, S. P. (2013). Response terminated displays unload 
selective attention. Front. Psychol. 4, 1–10. doi: 10.3389/fpsyg.2013.00967 

Tan, J., Yin, S., Wang, L., Chen, A., and Egner, T. (2018). Processing overlap-
dependent distractor dilution rather than perceptual target load determines attentional 
selectivity. Atten. Percept. Psychophys. 80, 2048–2059. doi: 10.3758/s13414-018-1545-4 

Theeuwes, J., Kramer, A. F., and Belopolsky, A. V. 
(2004). Attentional set interacts with perceptual load in visual 
search. Psychon. Bull. Rev. 11, 697–702. doi: 10.3758/BF031 
96622 

Tsal, Y., and Benoni, H. (2010). Diluting the burden of load: perceptual load effects 
are simply dilution effects. J. Exp. Psychol. Hum. Percept. Perform. 36, 1645–1656. 
doi: 10.1037/a0018172 

Weissman, D. H., Drake, B., Colella, K., and Samuel, D. (2018). 
Perceptual load is not always a crucial determinant of early versus 
late selection. Acta Psychol. 185, 125–135. doi: 10.1016/j.actpsy.2018. 
02.004 

Wilson, D. E., Muroi, M., and MacLeod, C. M. (2011). Dilution, not load, 
affects distractor processing. J. Exp. Psychol. Hum. Percept. Perform. 37, 319–335. 
doi: 10.1037/a0021433 

Yeh, Y. Y., and Lin, S. H. (2013). Two mechanisms of distractor dilution: Visual 
selection in a continuous flow. J. Exp. Psychol. Hum. Percept. Perform. 39, 872–892. 
doi: 10.1037/a0030486 

Yeshurun, Y., and Marciano, H. (2013). Degraded stimulus visibility and 
the effects of perceptual load on distractor interference. Front. Psychol. 4, 1–4. 
doi: 10.3389/fpsyg.2013.00289 

Frontiers in Cognition 05 frontiersin.org 

https://doi.org/10.3389/fcogn.2025.1558164
https://doi.org/10.1080/13506285.2010.537711
https://doi.org/10.1037/0882-7974.13.4.563
https://doi.org/10.3389/fpsyg.2013.00966
https://doi.org/10.3758/s13423-015-0982-5
https://doi.org/10.3758/s13423-014-0729-8
https://doi.org/10.3389/fpsyg.2013.00967
https://doi.org/10.3758/s13414-018-1545-4
https://doi.org/10.3758/BF03196622
https://doi.org/10.1037/a0018172
https://doi.org/10.1016/j.actpsy.2018.02.004
https://doi.org/10.1037/a0021433
https://doi.org/10.1037/a0030486
https://doi.org/10.3389/fpsyg.2013.00289
https://www.frontiersin.org/journals/cognition
https://www.frontiersin.org

	Does the absence of the load effect imply the absence of the dilution effect?
	Introduction
	A brief introduction to perceptual load theory and the dilution account
	Studies challenging the dilution account based on null load effects: a representative review
	Does the absence of a load effect preclude a dilution effect?
	The ``reverse load effect''
	Data supporting dilution effects in the absence of perceptual load effects

	Discussion 
	Author contributions
	Funding
	Conflict of interest
	Generative AI statement
	Publisher's note
	References


