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When are Difficulties Desirable for Children? First Steps Toward a
Developmental and Individual Differences Account of the Spacing

Effect

Melina L. Knabe ∗, Haley A. Vlach

University of Wisconsin-Madison, United States

The spacing effect is one of the most robust and replicable phenomena in psychological science, and holds promise
for improving children’s learning outcomes in educational settings. However, there is a striking limitation in
the literature: very few studies have been conducted with young children (0–5-year-olds). Moreover, most studies
examine children’s learning on the group level, whereas early curricula typically focus on both group and individual
outcomes. We predict that developmental and individual differences in visual attention, memory, prior knowledge,
and metamemory will affect children’s learning on massed and spaced schedules. Thus, we argue that the next
critical step in research on the spacing effect is to develop a developmental and individual differences account.
Indeed, this account will address limitations in theory and barriers in implementing the spacing effect in early
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Keywords: Spaced learning, Desirable difficulties, Individual differences, Early childhood, Cognitive development

2
t
r
b
&
&
n
Y
o
C
a
C
&
1

Understanding the learning conditions that promote long-
erm memory has been a central pursuit in psychological science
beginning with Ebbinghaus, 1885). Historically, researchers
ave argued that reducing task difficulty leads to stronger
etention of information (e.g., Baddeley & Wilson, 1994;
kinner, 1958). However, researchers have recently countered

his view, arguing that imposing certain challenges during learn-
ng improves memory (Bjork, 1994; Bjork & Bjork, 2009;
oediger & Karpicke, 2006; Smith, Glenberg, & Bjork, 1978).
hese challenges are referred to as desirable  difficulties.

In the present review, we focus on the most well studied
esirable difficulty: the spacing  effect  (alternatively, spaced  or
istributed  learning). The spacing effect is the finding that
istributing learning events across time, rather than massing

earning events in immediate succession, promotes long-term
etention (Ebbinghaus, 1885; for reviews, see Cepeda, Pashler,
ul, Wixted, & Rohrer, 2006; Delaney, Verkoeijen, & Spirgel,
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010). More than 1000 experiments have been published on
he spacing effect, making it one of the most researched and
eplicated phenomena in psychology. The spacing effect has
een observed across timescales (e.g., <30 s, Vlach, Sandhofer,

 Kornell, 2008, to 100+ days, Cepeda, Vul, Rohrer, Wixted,
 Pashler, 2008), tasks (e.g., free recall, cued recall, recog-

ition, motor tasks; Carpenter & DeLosh, 2005; Ren, Guo,
an, Liu, & Jia, 2016), developmental periods (e.g., infancy,
lder adulthood; Kornell, Castel, Eich, & Bjork, 2010; Rovee-
ollier, Evancio, & Earley, 1995), and species (e.g., drosophila,
plysia, bees, rodents; Anderson, Jablonski, & Klimas, 2008;
arew, Pinsker, & Kandel, 1972; Menzel, Manz, Menzel,

 Greggers, 2001; Tully, Preat, Boynton, & Del Vecchio,
994). Thus, the spacing effect is considered age and species
adison, 1025 W. Johnson St., Madison, WI 53706, United States. Contact:
knabe@wisc.edu.

nvariant.
Several theories have been generated to explain the spac-

ng effect. These include consolidation (Landauer, 1969;
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WHEN ARE DIFFICULTIES

ickelgren, 1972), deficient processing (Hintzman, 1974),
ncoding variability (Glenberg, 1976; Glenberg, 1979), and
tudy-phase retrieval theories (Johnston & Uhl, 1976; Thios &
’Agostino, 1976; also referred to as the time-window hypoth-

sis in developmental psychology, Rovee-Collier et al., 1995).
he most prominent and well-supported theories are theories

hat include a study-phase retrieval mechanism (see Delaney
t al., 2010, and Greene, 1989, for arguments of supplementing
tudy-phase retrieval theory with elements of encoding variabil-
ty theory).

Given the extensive literature on the spacing effect, it is
onsidered one of the most promising bodies of work from
sychological science for improving learning outcomes in
ducational settings (Dunlosky, Rawson, Marsh, Nathan, &
illingham, 2013). Spaced learning has been implemented

ffectively in classrooms, promoting retention and generaliza-
ion of a wide range of educational domains, such as vocabulary
Sobel, Cepeda, & Kapler, 2011), biology concepts (Gluckman,
lach, & Sandhofer, 2014; Vlach & Sandhofer, 2012), math-

matics (Nazari & Ebersbach, 2019), and history (Carpenter,
ashler, & Cepeda, 2009).

However, there is a striking limitation of this body of work:
ery few studies have been conducted with children (for a brief
eview of this issue, see Cepeda et al., 2006). That is, the spac-
ng effect has not historically been studied in in the PreK –
2th grade population, the largest population currently being
ducated. Specifically, there is a paucity of studies with infants
nd preschool aged children (0–5-year-olds)—and those studies
ave produced mixed results. Spaced learning has been shown
o promote children’s memory for words and pictures (Childers

 Tomasello, 2002), sentences (Ambridge, Theakston, Lieven,
 Tomasello, 2006), science concepts (Gluckman et al., 2014),

nd motor skills (Rovee-Collier et al., 1995). However, other
tudies have shown that spaced learning is ineffective, or even
isadvantageous, for young children’s learning (Folarin, 1983;
oossens et al., 2016; Toppino & DiGeorge, 1984; Toppino,
earnow-Kenney, Kiepert, & Teremula, 2009a). For instance, in

 study of children’s memory for category exemplars, increas-
ng the spacing interval between exemplars deterred children’s
ategory learning (Folarin, 1983).

The lack of research on the spacing effect during early devel-
pment presents several problems for theory and application.
n terms of theory, it is hard to explain why we observe more
ixed results with children (compared to young adults/college

tudent samples). We also do not have enough studies to conduct
eta-analyses or reviews that can answer important questions,

uch as: is the spacing effect truly age invariant? If the effi-
acy of the spacing effect varies across developmental periods,
hat mechanisms lead to this variation? Do the most widely

upported theories of the spacing effect apply to early child-
ood?

In terms of application, birth to 5 years is one of the most
ritical periods in the human lifespan (Mustard, 2007; Kolb &

ibb, 2011). During this time, the foundations for later learn-

ng are established, which have long-lasting impacts on the
earner’s academic and life outcomes (Burger, 2010; Nelson,
000). Indeed, early educational interventions are especially
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ffective because the learner is structurally and functionally plas-
ic and have been argued to have the most positive personal and
ocietal impact (Cannon et al., 2018; Doyle, Harmon, Heckman,

 Tremblay, 2009).
More critically, the goal of early education and intervention

s not just to raise the group mean at a post-test, as what is typi-
ally the outcome measure of studies on the spacing effect. The
ost important goal is ensuring all children improve their learn-

ng. The need for personalized – or individualized – learning is
entral to early education programs (see Dockterman, 2018 for a
eview). To effectively customize and maximize children’s learn-
ng requires an understanding of how children’s developmental
nd individual differences interact with their learning on massed
nd spaced schedules. Unfortunately, the existing spacing effect
iterature cannot make clear, individualized, recommendations
or early childhood.

In this paper, we argue that the next critical step in research
s to pursue studies on developmental and individual differences
n the efficacy of the spacing effect. That is, a developmental
nd individual differences account is needed to address limi-
ations in theory and application of the spacing effect to early
ducational settings. This type of theoretical account identifies
ifferences across age groups, and individual differences within
articipants of the same age. Indeed, developmental and individ-
al differences go hand-in-hand; changes within the individual
re often the mechanism(s) that explain developmental (age-
elated) changes. In the section below, we outline what the first
teps for the field should be by reviewing the cognitive domains
hat will be critical for this account.

Building  a Developmental  and  Individual  Differences
Account for  Early  Development

Historically, research on the boundary conditions of the spac-
ng effect has focused on properties of the learning environment.
esearchers have manipulated the stimuli, number of item rep-
titions, trial lengths, and retention intervals to reveal when
paced learning does/does not promote memory (Cepeda et al.,
006). Because of this focus, research on spaced learning has
ot studied internal learner characteristics that may mediate
nd/or moderate the effect. Thus, an account that considers
evelopmental and individual differences will be an important
ext step for research with adults as well. However, we believe
hat an account derived from adults would not generalize well
o infants and children. Unlike adults, young learners experi-
nce rapid changes in their basic cognitive capacities, such as
isual attention, memory, prior knowledge, and metamemory. In
he subsequent sections, we review these key cognitive capaci-
ies, and how developmental and individual differences in these
apacities may affect children’s learning on massed and spaced
chedules.

Visual  Attention
Spaced learning paradigms typically require participants to
ttend visually to stimuli. Presenting stimuli consecutively or
paced out in time may affect the way in which children attend
o visual stimuli. In fact, a sub-class of deficient processing
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WHEN ARE DIFFICULTIES

heories of the spacing effect (Greeno, 1967; Hintzman, 1976),
nattention theory (Hintzman, 1974), proposes that massed items
ecome increasingly familiar across learning, resulting in poorer
ttention to each subsequent item presentation. That is, accord-
ng to inattention theory, learners pay less attention to massed
tems, and thus have higher performance on spaced schedules.

One key developmental change in attention during the first
ew years of life is the duration at which children can sustain
isual attention (Betts, Mckay, Maruff, & Anderson, 2006; Lin,
siao, & Chen, 1999). That is, infants and young children expe-

ience rapid changes in the duration at which they can focus
isual attention on a single item. This developmental difference
ould affect the efficacy of massed and spaced learning in sev-
ral ways. On the one hand, if learning events are presented
n a massed schedule, children may have more time to fixate
heir visual attention to the item, and thus have stronger learn-
ng than on a spaced schedule. On the other hand, children may
ore quickly dishabituate or look away from an item, reducing

ncoding and leading to weaker learning on massed schedules.
oreover, presenting learning events on a spaced schedule with

engthy intervals between repetitions may also lead to complete
isengagement of all visual attention, and thus deter any learn-
ng on a spaced schedule. In brief, there are several ways in
hich young learners’ developing ability to fixate visual atten-

ion to stimuli may differentially affect the efficacy of massed
nd spaced schedules.

One study (Vlach & Johnson, 2013) provides preliminary evi-
ence that developmental differences in attention contribute to
uration of looking to stimuli on massed and spaced schedules.
n this experiment, 16- and 20-month-old infants participated in

 word learning task where novel word-object pairs were pre-
ented on either a massed or interleaved schedule. Results from
ye-tracking data revealed that 16-month-old infants’ attention
o massed items decreased across the learning phase, sug-
esting that repeated item exposure modulated attention, as
redicted by deficient processing accounts of the spacing effect
Hintzman, 1976). However, the 20-month-olds did not demon-
trate differences in visual attention to objects on massed or
paced schedules. Thus, future research should examine how
ge-related differences in sustained attention affect learning
n massed and spaced schedules. Indeed, this work may in
act provide new evidence for historically discarded theories
f the spacing effect, such as inattention theory (Hintzman,
974).

Another notable difference between young children and
dults is their selectivity of visual attention. Young children
emonstrate poorer attentional control (Huang-Pollock, Carr,

 Nigg, 2002) and differ in their selective attention to features
f learning events (Plude, Enns, & Brodeur, 1994). For instance,
hildren acquire attentional biases,  or the preference to attend to
ertain features over others. One example of an attentional bias is
hildren’s and adults’ tendency to attend to shape during object
ategorization, a behavior known as the shape  bias  (Landau,

mith, & Jones, 1992). The shape bias emerges around 18-24
onths of age and is thought to develop from prior experience
ith English, which typically categorizes objects according to

hape.
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How might early attentional biases, such as the shape
ias, affect learning from massed and spaced schedules? To
ate, only one study has examined whether attentional biases
ffect learning from massed and spaced schedules (Slone &
andhofer, 2017). In this study, a sample of 2–3.5-year-old chil-
ren were presented with a category learning task with three
ategories: shape, color, and texture categories. Results revealed
hat spacing was most beneficial for children’s learning of shape
ategories. That is, learners’ attentional biases may impact the
ype of information for which spaced schedules are more or less
ffective.

Memory

Most theories implicate memory processes as the mecha-
ism(s) underlying the spacing effect, and thus differences in
emory abilities are an important step in building a developmen-

al and individual differences account. For instance, according
o study-phase retrieval theories (Johnston & Uhl, 1976; Thios

 D’Agostino, 1976), when items are distributed across time,
earners rapidly forget information between learning events. A
onsequence of this forgetting is that subsequent retrieval of the
earned information is more effortful. By engaging in effortful
etrieval, future forgetting is slowed, supporting future recol-
ection of the learned information. Thus, between-participant
ifferences in forgetting and retrieval processes could contribute
o the efficacy of the spacing effect.

Young children differ notably from adults in their main-
enance and recall of previously learned information (Bauer,

enner, Dropnik, & Wewerka, 2000; Cowan & Alloway, 2009).
pecifically, children experience more rapid forgetting than
dults, and this difference may affect the efficacy of massed
nd spaced schedules (Brainerd, Reyna, Howe, Kingma, &
uttentag, 1990; Howe, 1991; Vlach & Sandhofer, 2012). For

nstance, if forgetting happens so quickly that children are unable
o successfully retrieve prior learning events, they may not asso-
iate new learning events with previous learning events (see
ime-window hypothesis; Rovee-Collier et al., 1995). Indeed,
arly in development, when infants forget information rapidly
uring even short intervals of time, massed schedules may be
ore advantageous than spaced schedules. Preliminary evidence

or this comes from Vlach and Johnson (2013), which found
hat 16-month-old children were able to learn words presented
n a massed schedule, but not an interleaved schedule. In con-
rast, 20-month-olds were able to learn words on both massed
nd interleaved schedules, suggesting that four months of mem-
ry development slowed forgetting enough to support learning
n the same interleaved schedule. Thus, children with weaker
emory abilities may benefit more from massed schedules,
hereas children with stronger memory abilities benefit more

rom spaced schedules. As the rate of children’s forgetting slows
cross development, the optimal amount of time between learn-
ng events on spaced schedules will also change. That is, the time

nterval between learning events may be increased as children’s
orgetting slows.

In addition to rapid forgetting, children also experience
ubstantial changes in their ability to retrieve information.
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WHEN ARE DIFFICULTIES

pecifically, an extensive literature demonstrates that children
ave poorer recall abilities and use less effective recall strategies
han adults (Ghetti & Angelini, 2008). Indeed, children have
rouble generating information that will cue memory retrieval
Cole, Frankel, & Sharp, 1971; Tversky & Teiffer, 1976). These
ndings have important implications for studies on spaced learn-

ng, which utilize various memory tasks at test (e.g., free recall,
ued recall, and recognition tasks). For instance, children may
how a pronounced spacing effect on a recognition memory
ask, but not on a free recall task. Moreover, children with bet-
er memory retrieval abilities might show spacing effects on
oth recognition and free recall tasks, whereas children with
oorer retrieval abilities might only show a spacing effect on a
ecognition task. Thus, mixed findings on the spacing effect in
hildren may be explained by the type of post-test used, sug-
esting researchers should carefully design their memory tasks
o account for free recall difficulties in early childhood.

Prior  Knowledge

In addition to retrieval abilities, participants’ storage strength
 or how information is represented and associated with exist-
ng knowledge – affects memory performance (see Bjork &
jork, 1992 for a distinction between storage and retrieval

trength). That is, the prior knowledge that learners bring to the
ask inevitably affects their learning of new information (e.g.,
ransford & Johnson, 1972; Brod, Werkle-Bergner, & Shing,
013; Schneider, Gruber, Gold, & Opwis, 1993). For instance,
tudies on the spacing effect frequently use verbal stimuli (e.g.,
ovel or familiar words), and thus differences in language abil-
ties may affect performance on massed and spaced schedules.
ndeed, children are in the process of learning language during
he first few years of life (Bates, Thal, & Janowsky, 1992) and
etrieval of verbal material improves across the early childhood
eriod (see Bjorklund, Dukes, & Brown, 2009 for a review).
hus, in a spaced learning task, children may be better at retriev-

ng words from memory that are highly familiar to them or are
requently used in their environment (e.g., baby, mama). How-
ver, if the words are unfamiliar to them or are not as frequently
sed in their environment (e.g., whisk, periwinkle), children may
ail to retrieve words during learning, and thus benefit from a
assed schedule over a spaced schedule. Moreover, one might

redict that children with low language abilities (e.g., smaller
ocabulary size, poorer lexical retrieval abilities) would not ben-
fit from spaced learning in a verbal task to the same extent as a
hild with higher language abilities.

To date, no studies have examined links between children’s
anguage ability and performance on spaced learning tasks.
hus, it is imperative that future investigations assess how task-
pecific language knowledge, and prior task knowledge more
roadly, impact young children’s performance.

Metamemory
The understanding of one’s own and other people’s mem-
ry processes is broadly known as metamemory (Dunlosky &
etcalfe, 2009; Flavell, 1971). Researchers have studied the

evelopment of metamemory across the lifespan, demonstrating

f
t
t
l
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hat children’s understanding of how memory functions gradu-
lly improves in early childhood (see Karably & Zabrucky, 2009
or a review). Specifically, by age 5, children have an understand-
ng of the variables that affect memory (e.g., characteristics of
he learner and task) and can actively monitor their own learning
Johnson & Wellman, 1980; Lyon & Flavell, 1994; Schneider,
998).

Metacognitive judgments of learning (JOLs) are one of sev-
ral measures used to assess participants’ active monitoring
f their memory performance. Researchers have used JOLs to
ssess whether individuals have a preference for massed or
paced schedules during learning. When adults are asked to
ssess how well they learned an item and how well they would
o on a future assessment of that item, they often demonstrate a
assed bias: they typically prefer massed learning over spaced

earning (e.g., Baddeley & Longman, 1978; Kornell & Bjork,
008; McCabe, 2011; Simon & Bjork, 2001; Zechmeister &
haughnessy, 1980). One explanation for the observed bias is

hat adults experience greater processing fluency on massed
chedules as opposed to spaced schedules (Logan, Castel, Haber,

 Viehman, 2012). However, when adults are asked to choose
he nature of their learning experience (i.e., whether to view an
tem immediately or at a later time), they typically demonstrate

 spaced bias (e.g., Benjamin & Bird, 2006; Toppino, Cohen,
avis, & Moors, 2009b; Toppino & Cohen, 2010). Importantly,

ask demands (e.g., item presentation duration) impact the pref-
rence for massed versus spaced schedules (Toppino et al.,
009b). These results suggest that adult participants alter their
tudy strategies based on the to-be-learned material and their
eliefs about how memory functions more broadly.

Interestingly, preschool-aged children do not demonstrate a
assed bias (Vlach, Bredemann, & Kraft, 2019). One explana-

ion for these results is that preschoolers have limited theories of
ow memory functions. As their metamemory abilities develop
cross early childhood, children may begin to form misconcep-
ions about their own memory. Thus, young children may be less
ikely to adopt the same incorrect memory strategies as adults.

oreover, these findings suggest that early childhood may be an
deal age to begin teaching strategies for memory optimization.
nforming children on the efficacy of spaced learning early may
revent them from forming a massed bias. Indeed, these results
uggest that the developmental differences in metamemory may
rovide an advantage to the understanding and implementation
f spaced learning in young learners.

Directions  for  Future  Research  on  Desirable  Difficulties  in
Early Childhood

A critical next step for researchers is to generate a develop-
ental and individual differences account, because this research

irection can inform theory and application of the spacing effect.
owever, there are additional next steps worth briefly mention-

ng. For instance, young children typically do not encounter

ormal, group-based schooling until kindergarten. This means
hat children may be primarily working one-on-one with care-
akers, practititioners, or other adults. To develop more effective
earning and intervention materials for this population, spaced
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WHEN ARE DIFFICULTIES

earning tasks should be studied at the individual- and group-
evel, and may benefit from microlevel assessment approaches
e.g., generating a high density of observations of one child’s
earning).

Moreover, successful implementation will require scientists
o move beyond basic research and think about effective sci-
nce communication strategies for children in this age range.
n important constraint in applying spaced learning to early

hildhood is that the individuals spending the most time with
hildren, such as caretakers and/or parents, may not be those
ith formal training in science or education. How do we com-
unicate science on the spacing effect with these individuals?
fter all, the willingness to implement spaced learning depends
n its perceived efficacy, and many adults do not recognize
he value of introducing deliberate difficulties in their own
earning (e.g., Kornell et al., 2010; Miele et al., 2011Miele,
inn, & Molden, 2011; Sungkhasettee, Friedman, & Castel,
011). This sentiment is amplified for children’s learning:
dults tend to underestimate the capabilities of young chil-
ren (Leippe, Manion, & Romanczyk, 1992; Miller, White, &
elgado, 1980). Initial steps could include introducing the con-

ept/application of spaced learning in parenting forums, and
xplaining how learning schedules interact with changing cog-
itive processes.

On a final note, we would like to point out that we focused on
he spacing effect because it has been studied much more than
ther desirable difficulties. Thus, there is a lack of developmental
nd individual differences research for other desirable difficul-
ies as well, but largely just because there is not a substantive
ody of research studying 0–5-year-olds. Indeed, much more
esearch is needed to implement desirable difficulties research
n early childhood learning. While doing any desirable diffi-
ulties study, we encourage researchers to include measures of
hildren’s cognitive abilities. This approach will build an empir-
cal body of research on the efficacy of desirable difficulties and
rovide a developmental and individual differences account that
ill guide effective implementation.
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