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Abstract Previous work demonstrates that memory for sim-
ple stimuli can be biased by information about the distribution
of which the stimulus is a member. Specifically, people under-
estimate values greater than the distribution’s average and
overestimate values smaller than the average. This is referred
to as the central tendency bias. This bias has been explained as
an optimal use of both noisy sensory information and category
information. In largely separate literature, cognitive load (CL)
experiments attempt to manipulate the available working
memory of participants in order to observe the effect on choice
or judgments. In two experiments, we demonstrate that par-
ticipants under high cognitive load exhibit a stronger central
tendency bias thanwhen under a low cognitive load. Although
not anticipated at the outset, we also find that judgments ex-
hibit an anchoring bias not described previously.

Keywords Judgment . Memory . Anchoring .Working
memory . Cognitive constraints . Cognitive load

Memory is an essential function, yet a large body of research
suggests that memory exhibits systematic biases. One well-
known bias is central tendency, when individuals remember stim-
uli as being more typical of the category of which they are mem-
bers (Goldstone, 1994). Once considered a perceptual or mne-
monic distortion (e.g., Poulton, 1989), this bias has been de-
scribed as resulting from an adaptive, Bayesian process that com-
bines inexact memories of individual stimuli with prior knowl-
edge about the distribution of the category. Combining informa-
tion in this manner improves the average accuracy of judgments,
even though it introduces bias into individual estimates.

Huttenlocher and colleagues (Crawford, Huttenlocher, &
Engebretson, 2000; Crawford, Huttenlocher, & Hedges,
2006; Duffy, Huttenlocher, & Crawford, 2006; Duffy,
Huttenlocher, Hedges, & Crawford, 2010; Huttenlocher,
Hedges, & Vevea, 2000) proposed the category adjustment
model (CAM). In it, categories are summarized as distribu-
tions of values along some stimulus dimension, such as size or
shape, and a stimulus as a particular value along this dimen-
sion. For most categories, the average value of the distribution
is the prototypical value (Duffy & Crawford, 2008).

The CAM is similar to other Bayesian models that have
been used to explain biases in memory for size estimation
(Ashourian & Loewenstein, 2011), time perception (Jazayeri
& Shadlen, 2010), and hue bias (Olkkonen & Allred, 2014;
Olkkonen, McCarthy, & Allred, 2014). Research has found
these effects extend to judgments of realistic and familiar ob-
jects (Hemmer & Steyvers, 2009a, 2009b). Despite the suc-
cess of CAM, there are mixed results regarding whether par-
ticipants successfully execute the optimal Bayesian judgments
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by employing all available and relevant information (Sailor &
Antoine, 2005; Xu & Griffiths, 2010).

In this paper we study the central tendency bias by
employing a cognitive load (CL) manipulation. Studies
employing CL manipulations often direct participants to en-
gage in memorization tasks in parallel with making a decision
within another domain. The memorization tasks manipulate
available working memory. Extensive literature documents
that cognitive resources are bounded and that increasing CL
can affect judgments (Cornelissen, Dewitte, & Warlop, 2011;
Hinson, Jameson, & Whitney, 2003; Swann, Hixon, Stein-
Seroussi, & Gilbert, 1990; Van den Bos, Peters, Bobocel, &
Ybema, 2006), limit the ability to process information
(Gilbert, Pelham, & Krull, 1988), decrease self-control
(Mann & Ward, 2007; Shiv & Fedorikhin, 1999; Ward &
Mann, 2000), affect strategic behavior (Allred, Duffy, &
Smith, 2016; Duffy & Smith, 2014; Duffy, Owens & Smith,
unpublished), increase the assimilation effect (Martin, Seta, &
Crelia, 1990), affect duration judgments (Block, Hancock, &
Zakay, 2010), and prompt stereotyping (Wigboldus, Sherman,
Franzese, & van Knippenberg, 2004).

We are not the first to examine the effect of CL on visual
judgments. Allen, Baddeley, and Hitch (2006) found that
memorization of numbers increased CL and reduced the
accuracy of color and shape recall. Morey and Cowan
(2004) found reduced performance on a visual memory task
under a CL that required the memorization of seven random
digits. Morey and Bieler (2013) found that participants who
are required to recall different tones have a reduced accuracy
of recall of colors and shapes. Zokaei, Heider, and Husain
(2014) found that CL affects performance in a variety of visual
judgment tasks. Surprisingly, Cocchi et al. (2011) found that
participants under a high visual working memory CL exhibit-
ed better performance on a visual memory task than partici-
pants under a low visual working memory CL. However, to
our knowledge, ours is the first paper to examine the effect of
CL on the central tendency bias.

In our two experiments we examine the effect of CL on the
degree to which category information influences stimulus es-
timates. We employ a sequential line estimation task in which
participants observe and reproduce a series of lines that vary in
length under conditions of high or low CL. Bias may increase
if CL degrades the precision of the memories of individual
stimuli; or, CL might interfere with the underlying ability to
combine information about the stimuli and category, resulting
in decreased bias. However, it is possible that CLmay have no
effect on bias if CL is unrelated to the underlying cognitive
processes that produce central tendency in judgment.

But, also recognizing a possible limitation in prior research
using this paradigm, we were concerned that our data could
exhibit anchoring effects (see Furnham & Boo, 2011, for a
review of the anchoring literature). Specifically, when repro-
ducing lines, it is possible that the starting length of a

reproduction line might affect resulting estimates. Literature
has found that participants produce biased judgments in a
wide variety of settings due to the influence of an uninforma-
tive, constant anchor. In their Experiment 2c, Epley and
Gilovich (2006) examined the effects of CL on anchoring in
a numerical response setting. The authors found that partici-
pants under high CL were more sensitive to the anchor than
were participants under low CL. LeBoeuf and Shafir (2006)
examined whether anchoring effects can be found in the judg-
ment of physical quantities. The authors found anchoring ef-
fects in judgments of length, weight, and loudness. Prior stud-
ies on the central tendency bias used a constant starting length
(Crawford, Huttenlocher, & Engebretson, 2000; Huttenlocher
et al., 2000) or a randomized starting length but did not ana-
lyze its effects (Duffy & Crawford, 2008). Therefore, we ex-
plore anchoring effects in judgments of length, which has not
yet been studied in a setting designed to study the central
tendency bias.

Experiment 1: randomly ordered CL

Method

Participants

Thirty-three undergraduates (20 females, 13 males) participat-
ed. In this and Experiment 2, participants were tested in a
windowless laboratory and received partial course credit.

Design and procedure

Each trial started with participants viewing a two-digit (low
cognitive load) or six-digit (high cognitive load) number that
they were instructed to commit to memory. Each of the two0
or six digits were randomly selected from the integers 0 to 9,
although the initial digit was never 0. The number was pre-
sented for 5 seconds. The participants then observed a line for
1.5 seconds. We refer to this line as the target line. Target
lines ranged from 96 to 352 pixels at 9 unique stimulus sizes
that varied in 32 pixel increments. After a 1.5-second delay
with a blank screen, participants saw a second, adjustable
line. We refer to the initial length of the adjustable line as
the start line length. Unlike most prior studies (which used
the same start line length on all trials), the length of the start
line was randomly drawn from a uniform distribution ranging
from the length of the shortest target line (96 pixels) to the
longest target line (352 pixels). The participants increased or
decreased the length of this adjustable line by pressing the
mouse buttons in order to match their memory of the length
of the target line. After participants were satisfied with the
length of their adjustable line, they pressed Enter. We refer to
this as the response line.
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Subsequently, participants were prompted to type the two-
or six-digit number. After pressing Enter they repeated this
process with the next trial. The order of trials was randomly
presented both by line length and CL. There were a total of 90
trials, with 10 lines from each of the nine possible stimulus
values. Of the 10 trials at each stimulus value, five were con-
ducted under high CL and five were conducted under low CL.

Results and discussion

We first performed manipulation checks to examine whether
the difficulty of the memorization task affected the ability to
remember the number. As expected, participants under high
CL were less accurate (79.19 %) on the number memorization
task than they were on low CL trials (91.25 %), t(32) = 5.78, p
< .001, suggesting that participants found the number in high-
load trials more difficult to remember than those in low-load
trials. We also examined whether any individuals performed
extremely poorly on the memorization task. Such poor perfor-
mance could indicate that the participant did not devote suffi-
cient cognitive resources to remember the numbers, and we
would exclude these participants from the analysis. All partic-
ipants satisfied our inclusion criterion of performing more
than 50 % correct on the high CL memorization trials.

In order to examine overall accuracy, we calculated abso-
lute bias as the absolute difference between the target and
response line length. Participants were less accurate under
high CL (M = 29.76, SD = 30.11) than low CL (M = 25.18,
SD = 25.06), t(2968) = -4.50, p < .001. Despite this, partici-
pants did not adjust their responses, as measured by absolute
difference between the start and the response, differently while
under high CL (M = 92.91, SD = 68.57) than while under low
CL (M = 93.95, SD = 72.08), t(2968) = 0.40, p = .69.

We also calculated the response bias as the difference be-
tween the target and response line length. Figure 1 shows
average response bias on the vertical axis and the length of
the target line on the horizontal axis for the two within-subject
conditions (high and low CL). For each participant, we ran a
regression of bias by target line length to obtain slopes for
each participant separately for the high- and low-load condi-
tions. From this, we obtained slopes for each participant under
both load conditions. We tested the hypothesis that slopes
were steeper under high rather than low load using a paired-
samples t test. We found that average individual slopes were
steeper under high CL (M = -0.16, SD = 0.02) than low CL (M
= -0.05, SD = 0.02), t(32) = 6.45, p < .001.

We further analyzed the central tendency effects, possible
anchoring effects, and the CL effects by performing a repeated-
measures regression with response bias as the dependent var-
iable for every trial rather than data aggregated by participant
and stimulus size as in the prior analysis. We analyzed these
effects in the same specifications because it was not obvious

that the anchoring effects were robust to the specifications that
also accounted for the central tendency bias and the CL.

We included independent variables that characterized the
CL associated with the observation, the target line length, and
the length of the start line. In particular, we included a cate-
gorical variable, high load, which indicated whether the deci-
sion was taken under high or low CL. We also included a
centered target variable, which was defined to be the length
of the target line minus the mean of the lines. Finally, in order
to investigate possible anchoring effects, we included the start
variable, which was the length of the start line.

We included specifications that accounted for the repeated
nature of our data. In these specifications, we estimated a
compound symmetry covariance matrix clustered by partici-
pant. This implied that any two observations involving a par-
ticipant were assumed to be correlated, but any observations
involving different participants were assumed to be indepen-
dent.We reported the unstandardized coefficient estimates and
standard errors. Reporting the unstandardized coefficient esti-
mates, rather than the standardized estimates, seemed to be
appropriate since the variables of interest—centered target
and start—were both measured in pixels.

Finally, as our data possibly exhibited a nonlinear relationship,
we offered a specification that excluded the longest and shortest
target line values.1 We summarized this analysis in Table 1.

The high-load variable estimates were not significantly dif-
ferent from zero. This suggested that CL does not lead to an
overestimation of all lines or an underestimation of all lines.
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Fig. 1 Cognitive load affects the magnitude of the central tendency bias
in Experiment 1. In this and the following figures, response bias (target
line length minus the response line length) is plotted as a function of the
target line length under low cognitive load (open symbols) and under high
cognitive load (solid symbols). Data points are averages across all trials
for all participants. The solid (high load) and dashed (low load) lines are
best fitting lines. The solid horizontal line represents a response bias of
zero, or veridical memory

1 A reviewer noted the inverted S shape of the low CL trials. In online
supplementary materials, we present a detailed analysis of this curvilinear
effect with cubic terms. This analysis leads to the same qualitative
conclusions.
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The negative centered-target estimates suggested that partici-
pants overestimated smaller lines and underestimated longer
lines. In other words, we found that judgments were consistent
with the central tendency bias. The negative high-load–cen-
tered-target interaction estimates suggested that the central
tendency bias was stronger for participants under high CL.
We therefore found evidence that the CL affects the extent
of the central tendency bias.

Across each specification, the positive coefficient estimate
of the start variable suggested evidence of anchoring effects.
However, we did not find evidence that these anchoring ef-
fects were affected by the CL. To address the statistically
unlikely possibility that the observed anchoring effects result-
ed from a biased start length, we investigated the correlation
between the target line length and the start line length. We did
not find evidence that the start line length was correlated with
the target line length, r(2,968) = -0.0049, p = .79.

One potential criticism2 of Experiment 1 is that the CL
manipulation was unusually effective because the order of
the load trials was randomized. In other words, it is possible
that the high load trials surprised or increased the anxiety
experienced by the participants, and this lead to differences
between the high- and low-load trials. Therefore, we ran a
second experiment where, rather than presenting the CL trials
in a random order, we presented the participants with a CL that
alternated between high and low across the experiment. This
patterned presentation might help participants knowwhat type
of CL to anticipate and to prepare accordingly. However, the

lengths of target lines were still randomly selected from the
distribution of the nine target line lengths.

Experiment 2: alternating CL

Method

Participants

Forty undergraduates (25 females, 15 males) participated.

Design and procedure

The procedure was identical to Experiment 1, except that the
CL treatment alternated between the 2 and 6 digit numbers.
Every participant was first presented with a 2 digit number.

Results and discussion

Data were analyzed as in Experiment 1. All participants met
our inclusion criteria. Under high CL, participants were less
accurate in the number memorization task (75.56%) than they
were under low load (90.11 %), t(39) = 6.47, p < .001. Under
high CL, responses were less accurate (M = 32.70, SD =
39.85) than under low CL (M = 28.06, SD = 26.13), t(3598)
= 4.13, p < .001. Participants under high CL adjusted less (M =
91.90, SD = 75.03) than when under low CL (M = 96.81, SD =
70.52), t(3598) = 2.02, p = .04.

Figure 2 illustrates response bias by cognitive load and target
line length. To determine whether the slope under high load was
steeper than under low load, we performed an analysis identical

2 In online supplementary materials, we describe another experiment
(1A) where we directed the subjects to memorize letters rather than num-
bers. These results are qualitatively similar to those in Experiment 1.

Table 1 Dependent variable: response bias (Experiment 1)

(1) (2) (3)

Variable B SE B SE B SE

High load -4.024 3.815 -4.539 3.658 -2.408 3.920

Centered target -0.072*** 0.0115 -0.072*** 0.011 -0.123*** 0.015

High load * Centered target -0.117*** 0.0163 -0.117*** 0.0156 -0.0613** 0.0214

Start 0.0605*** 0.0108 0.057*** 0.0104 0.064*** 0.0112

High load * Start 0.0180 0.0151 0.0201 0.0145 0.0115 0.0156

Intercept -15.30*** 2.732 -14.56*** 3.261 -16.02*** 3.527

AIC 29,852.8 29,650.4 22,795.3

Repeated measures No Yes Yes

Observations 2,970 2,970 2,310

The repeated measures regressions assume a compound symmetry covariance matrix. Specification (1) does not include the repeated measures,
specification (2) includes the repeated measures, and specification (3) includes the repeated measures but excludes the observations involving the
longest and shortest target lines. N = 2,970: 90 judgments from 33 participants. N = 2,310: 70 judgments from 33 participants. AIC refers to the Akaike
information criterion (Akaike, 1974)

B is the unstandardized regression coeficient, SE is the standard error of the coefficient estimate

*p < .05 **p < .01 ***p < .001
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to that in Experiment 1. We found the slope was steeper in the
high CL condition (M = -0.20, SD = 0.03) than in the low CL
condition (M = -0.09, SD= 0.02), t(39) = 4.71, p < .001.

Additionally, we performed a regression analysis identical
to that performed for Experiment 1. This analysis is summa-
rized in Table 2. Again, despite the different participants and
design, we observed the same qualitative results as in
Experiment 1. We found no relationship between the high-
load variable and response bias. We found evidence of the
central tendency bias and that it is more extreme under high
CL. Finally, we found evidence of anchoring effects but found
no evidence that CL affected it. To investigate the possibility
that a biased start line led to these anchoring effects, we ex-
amined the correlation between the target line and the start

line. We did not find a significant correlation between the start
line and the target line, r(3,598) = -.03, p = 0.07.

General discussion

In two experiments, we demonstrated that cognitive load (CL)
affects simple judgments of length. Specifically, we found that
participants under high CL exhibited stronger central tenden-
cy biases than they did when under low CL. Although previ-
ous studies showed CL affects visual judgments, to our
knowledge we are the first to demonstrate that CL affects
the central tendency bias. We also established that in addition
to the central tendency bias there were anchoring effects relat-
ed to the starting length of the reproduction line, although this
bias did not systematically interact with CL.

These results regarding CL and central tendency are of
broad interest to those studying memory. Experiments in
many stimulus dimensions examine the effect of stimulus dis-
tributions on memory (Huttenlocher et al., 2000; Olkkonen
et al., 2014). Both the CAM and other Bayesian models dem-
onstrate that biases in memory are well-characterized by com-
bining noisy sensory information with prior information about
the distribution of stimuli. Here we add to this literature by
suggesting that cognitive load—a variable unrelated to any
particular stimulus distribution—magnifies the central tenden-
cy bias. Prior research on the central tendency bias never
accounted for the possible effect of varying available cogni-
tive resources on estimating categorized stimuli; and, yet,
there are many situations and contexts in which people must
estimate stimuli while their cognitive resources are limited, for
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Fig. 2 Cognitive load affects the magnitude of the central tendency bias
in the alternating load task (Experiment 2)

Table 2 Dependent variable: response bias (Experiment 2)

(1) (2) (3)

Variable B SE B SE B SE

High load 2.349 4.073 2.213 3.884 3.5211 4.2875

Centered target -0.0895*** 0.0122 -0.0933*** 0.0116 -0.105*** 0.0171

High load * Centered target -0.1097*** 0.01738 -0.102*** 0.0166 -0.104*** 0.0236

Start 0.0699*** 0.0114 0.0693*** 0.0109 0.0654*** 0.01205

High load * Start 0.000071 0.0162 0.000656 0.0155 0.00342 0.0170

Intercept -21.175*** 2.8712 -21.015*** 3.487 -20.179*** 3.8679

AIC 37,315.5 37,039.1 28,673.7

Repeated measures No Yes Yes

Observations 3,600 3,600 2,800

The repeated measures regressions assume a compound symmetry covariance matrix. Specification (1) does not include the repeated measures,
specification (2) includes the repeated measures, and specification (3) includes the repeated measures but excludes the observations involving the
longest and shortest target lines. N = 3,600: 90 judgments from 40 participants. N = 2,800: 70 judgments from 40 participants. AIC refers to the Akaike
information criterion (Akaike, 1974)

B is the unstandardized regression coeficient, SE is the standard error of the coefficient estimate

*p < .05 **p < .01 ***p < .001
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example, under dual-task conditions or while attention is oth-
erwise distracted. Factoring CL into models of estimation may
help improve fit and explain behavior.

Although we have shown that CL increases the central
tendency bias, the precise mechanism through which this oc-
curs is not yet understood. There are several possible expla-
nations. The most likely mechanism by which CL increases
bias is through limiting cognitive resources in working mem-
ory for maintaining a precise representation of the target line
length. Given a coarse memory trace under high CL, it would
be rational to use information about the distribution as a whole
to compensate for the decrease in memory precision. This
explanation is consistent with the CAM and other Bayesian
models that explain the central tendency bias. However, a
second possibility is that memories for individual stimuli
and the average of the distribution could be more difficult to
separate under high CL, leading to an estimate that blends the
memory of the average of the distribution (or some subset of
prior stimuli) with the target line length, which may be stron-
ger under high CL. It is also possible that both of these pro-
cesses work synergistically to produce the observed effect.
Although the precise mechanism explaining increased bias
under high CL is a direction for future research, it is clear that
the availability of cognitive resources in working memory
affects participants’ ability to accurately reproduce stimuli.

We also found anchoring effects in judgments of length. To
our knowledge, these findings are the first to find anchoring
effects in investigations of the central tendency bias. Here we
find significant anchoring effects, in that estimates are biased
toward the starting value of the adjustable response line.
However, unlike the central tendency bias, this effect did not
increase with load. This finding is significant for studies that
utilize similar methodologies in which people must remember
a stimulus and reproduce its value using a reproduction stim-
ulus that has a value along the relevant stimulus dimension.
For instance, consider a situation where the target line is
slightly larger than the mean and the start line is greater than
the target line. Also consider a target line that is slightly
shorter than the mean and the start line is shorter than the
target line. In these cases, the anchoring effects and the central
tendency bias work in opposite directions. It is for this reason
that we analyze the effects jointly in the same model, and the
fact that they can both be detected speaks to their robustness.
We hope that future studies employ an improved design: a
random start length with a mean equal to the target line length,
and have begun a more formal investigation on these effects
(Duffy & Smith, in preparation).

Note that, unlike Epley and Gilovich (2006), we did not
find a relationship between CL and the anchoring effects in
our experiments. Despite this, our experiments exhibited a
variety of relationships between CL and adjustment (the ab-
solute difference between the start and response line). In
Experiment 2, we found that participants under high CL

adjusted significantly less than they did under low CL.
However, we found no such a relationship in Experiment 1.
To the extent that a high CL can simulate the effect of having a
lower cognitive ability, we look to the correlational literature.
Bergman, Ellingsen, Johannesson, and Svensson (2010)
found a relationship between measures of cognitive ability
and anchoring; however, Oechssler, Roider, and Schmitz
(2009) found no such a relationship. Perhaps a design better
suited to studying anchoring effects would identify a relation-
ship between anchoring and CL. Understanding the influence
of anchoring effects in tasks where people respond by
adjusting a stimulus to match a memory, such as in spatial
location estimation tasks (i.e., Holden, Newcombe, &
Shipley, 2013; Huttenlocher et al., 1991) may help differenti-
ate the relative influence of anchoring effects and the central
tendency bias.

Our results suggest that further work is necessary to better
understand the central tendency bias. First, it may be useful to
consider individual differences in working memory. People
vary in the size of their working memory capacity, which
has significant consequences on performance inmemory tasks
(Frensch &Miner, 1994; Unsworth & Engle, 2007). It may be
useful to study whether the effect of a CL manipulation is
stronger in individuals with limited workingmemory capacity.
Second, as mentioned, our design does not allow us to distin-
guish between the conjecture that CL affects either the
encoding or the retrieval of a stimulus. A potential design that
could distinguish between these two conjectures would ma-
nipulate the time during which the participant is under CL:
during encoding or retrieval. We hope that future work can
address this issue.

To summarize, we present the first evidence that cognitive
load affects the central tendency bias in memory and that the
central tendency bias is subject to anchoring effects. Together
these results suggest that the effect of the stimulus distribu-
tions, which are presumably tied to specific stimulus dimen-
sions, can be mediated by the high-level, general variable of
cognitive load. These findings are important for those seeking
to understand how cognitive constraints effect memories and
interact with perception to guide behavior. Further research is
needed to understand the mechanisms through which cogni-
tive load influences behavior.
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