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Abstract

There is evidence that the prevention of errors during learning might be helpful in improving an impaired memory
performance, both in amnesia as well as in normal age-related memory decline. Although errorless learning is a
promising technique for use in rehabilitation practice, the underlying mechanisms are unclear. That is, it has been
suggested that the beneficial effects of errorless learning operate through implicit memory, whereas others implicate
that it is explicit memory that is responsible for the enhanced memory performance after errorless learning. The
current study examined the contribution of implicit and explicit memory function to the memory performance after
errorless and errorful learning using the process-dissociation procedure. A group of youngddul9) was

compared to a matched group of older individuais= 40) on a spatial memory task (i.e., learning the locations of
everyday objects in a room). The results clearly show age-related decline in explicit spatial memory, while implicit
spatial memory was unaffected. Furthermore, the young group benefited from errorless learning compared to
errorful learning, while the older group did not show a difference between the two learning conditions. Also, it was
found that the effects of errorful learning were related to explicit memory function, and not implicit processing,
corroborating and extending recent finding3INS 2005,11, 144-151.)

Keywords: Errorless learning, Spatial memory, Process-dissociation procedure, Implicit memory, Explicit memory,
Aging

INTRODUCTION explicit spatial memory, i.e., the conscious recollection of

A lated decline has b d irated Efatial information, whereas implicit forms of spatial mem-
ge-refated memory decline has been demonstrated on y (unconscious knowledge and skills) are presumed to be
variety of memory tasks, such as word-list learning (Titov

; - relatively spared (cf. Schacter & Tulving, 1994).
& Knight, 1997), face-name associations (Kessels & De The role of implicit and explicit processing in spatial

Haan, 2003a), and spatial memory (Light & Zelinski, 1983)'memory has been studied in detail by Caldwell and Masson

S_inge the latter i_s e.specially important. in daily-life func- (2001), comparing young and older adults. Participants had
tioning, such.as finding your way about in the environment,, study the locations of everyday objects in five rooms
or remembering where your key.s orglgsses are stored (Ke resented on a computer screen. In the retrieval phase of
selsf et 5:]:" irOOf), |mp$|rment?tln S}Pﬁ'al r?errdory can rllav e study, the process dissociation procedure by Jacoby et al.
protound etects on the quality of 1l ot older people. 1993) was applied, in which two different response instruc-
AIthough a decline in spatial memory has been con5|sten_tl ions were given, i.e. an include and an exclude condition.
found in healthy older people, it seems most profound "Mn the include condition, participants were instructed to relo-
cate the objects at their previously occupied (i.e., target)
_ _locations. In case the target location could not be explicitly
Reprint requests to: Dr. R.P.C. Kessels, Department of Psychonomics, b d. th tici t had t | te th biect at
Utrecht University, Heidelberglaan 2, NL-3584 CS Utrecht, The Nether—reme_m ere ' € participan a 0 re ocate the object a
lands. E-mail: r.kessels@fss.uu.nl the first location that came to mind. It is assumed that both
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explicit memory (knowing) and implicit memory (guess- beneficial effects of EL, but that these effects are the result
ing) produces the target response. In the exclude conditiorgf what they call residual explicit memory function. They
participants were instructed to first recall the target locationstudied patients with severe memory problems, focusing on
of the object, but subsequently had to relocate the object giriming effects of word stems that were learned either in an
a different (new) location than the previously occupied tar-EL or an EF condition. If the beneficial effect of EL has its
getlocation. Again, if the target location could not be remem-origin in implicit memory, a positive correlation should be
bered, the object had to be relocated at the first location thdbund between recall and priming of the EL words. Further-
came to mind. Using this instruction, implicit memory gen- more, priming effects should be higher for correctly remem-
erates the target response, while explicit memory generatdsered words than for words that were nor remembered.
an opposite and incorrect (new) response. However, Hunkin et al. (1998) did not find this relation
The contribution of explicit and implicit memory can be between priming as an index of implicit memory and EL
estimated using two mathematical equations, in which recall.
equals the probability that explicit (conscious) memory In light of the controversy in the literature regarding the
produces the correct response ahdquals the probability underlying mechanisms of EL, the goal of the present study
that implicit (unconscious) memory generates the correctvas to further assess the contribution of implicit and explicit
response. The probability that the target response is pranemory in EL and EF in young and older adults, using the
duced in the include conditionis= C+ (1 - C)U, whereas process-dissociation procedure described by Jacoby (1998).
this probability equal€ = (1 — C)U for the exclude con- Both Baddeley and Wilson (1994) and Hunkin et al. (1998)
dition. Thus, the explicit and implicit components can bepredict an overall decrease of explicit memog) (in the
easily computedC =1 — EandU = E/(1 — C) (Caldwell  older group, whereas implicit memory{ should be equal
& Masson, 2001; Jacoby et al., 1993). Interestingly, Cald4n both groups. Alternative predictions, however, can be
well and Masson’s (2001) study showed that the estimate afiistilled with respect to the effects of EL. According to
explicit memory for object location was smaller in older Baddeley and Wilson’s (1994) view, in which implicit mem-
people compared to the young group, with the implicit com-ory is responsible for the beneficial effects of EL, specifi-
ponent being equal in both groups. This again supports theally the older group will benefit from EL compared to EF.
notion that explicit memory processing deteriorated as dalence, the probability that implicit memory has generated
result of normal ageing, while implicit memory remains the correct responséJ() will be higher in the EL condition
unaffected. than in the EF condition in the older group. The young
The distinction between implicit and explicit memory is adults will display no difference across the conditions with
particularly important in relation to the efficacy of memory respect toU. Alternatively, according to Hunkin and col-
training principles that can be applied in age-related memleagues (1998), partially intact explicit memory is respon-
ory decline. One promising principle is the so-called error-sible for the gain in the EL condition; since explicit memory
less learning (EL) technique (Kessels & De Haan, 2003b)function is unaffected in the young adults compared to the
This technique originates from behavioral studies in pigeonsplder group, the young group will benefit to a greater extent
in which learning without errors resulting in a better mem-from EL than the older subjects. Also, the probability that
ory performance compared to trial-and-error learning (Terexplicit memory has generated the responSg \yill be
race, 1963). Baddeley and Wilson (1994) have introducedhigher in EL compared to EF (see Table 1 for a schematic
this paradigm as a possible tool in patients suffering fromoverview). The current study will apply the spatial memory
severe memory problems. According to these authors, thparadigm developed by Caldwell and Masson (2001) and
errors that occur during trial-and-error or errorful learningextend it by including both an EL and an EF condition in
are consolidated through implicit memory processes. In subarder to establish in detail the amount of explicit and implicit
jects with normal memory functions, these errors are corprocessing underlying these learning conditions.
rected by explicit memory, resulting in an accurate memory
trace. In patients with amnesia or older people with mem-
ory problems, however, explicit memory is impaired while METHODS
implicit memory is still intact. Thus, errors made during
learning are not corrected in these subjects, resulting in thgesearch Participants
consolidation of an incorrect memory trace. Preventing the
occurrence of errors during learning might therefore be effecTable 2 shows the demographic characteristics of the two
tive in the enhancement of the memory performance in thagroups that were included in the analyses. Forty young adults
only the accurate responses is implicitly consolidated. Indeed,l5 males; ages 20—-298) age= 24.8,SD = 2.4) and 44
patients with amnesia have been found to benefit from errorelder people (14 males; ages 60—Rfbage= 66.2,SD =
less learning (EL) compared to errorful learning (EF) to a4.4) were selected from a subject pool of the research insti-
greater extent than healthy subjects (Wilson et al., 1994)ute and participated in the current study. All participants
supporting the notion that EL operates through implicit learn+eceived payment o€7.00 for their participation and
ing. In contrast, others (Hunkin et al., 1998) have suggestethformed consent was obtained. A semi-structured inter-
that it is not implicit memory that is responsible for the view was conducted in all participants in order to exclude
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Table 1. Expected results with respect to the strength of the implicit and explicit memory
estimates after errorless learning (EL) compared to errorful learning (EF) in both age groups,
based on the implicit and explicit memory hypothesis.

Strength of explicit
memory estimateQ)

Strength of implicit
memory estimatel)

Implicit memory hypothesis Oldex Young Older= Young

(see Baddeley & Wilson, 1994) EL (Oldey EF (Older)
EL (Young)~ EF (Young)

Explicit memory hypothesis Oldex Young Older= Young

(see Hunkin et al., 1998) EL (Youngy EF (Young)

EL (Older)> EF (Older)

people with a neurologic or psychiatric history, severe medMaterials

ication use or recent anesthesia (in the prior 2 years). Addi-

tionally, the Mini-Mental State Examination (MMSE) was A Pentium PC was used to run the task, with a 15 inch
performed in the older group to detect possible cognitiveLCD touch-sensitive monitor to measure the responses.
deterioration (Folstein et al., 1975). A cut-off score of 27 The Rooms Task was adapted from a paradigm described
was used as an exclusion criteria, resulting in the exclusioby Caldwell and Masson (2001) and consisted of colored
of four participants in the older group (1 male) from all photographs of five rooms (living room, bedroom, study
further analyses. Education level was computed using aom, bathroom and kitchen) and colored photographs of
7-point scoring system (1 being the lowelgtss than pri- 50 everyday objects (10 for every room). The locations of
mary schoaland 7 being the highestmiversity degreg  the objects in the rooms were determined in a pilot study,
Since education level in older people is often an underestiin which participants were instructed to locate each object
mation of their actual intelligence, the Dutch version of theat its most appropriate position. Subsequently, the loca-
National Adult Reading Task (Schmand et al., 1991) wadions used in the memory task were always the locations
used as an index of the participant’s actual 1Q. Educatiorwhich were not the least and not the most frequently cho-
level was indeed higher in the young group (Mann-Whitneysen as “most appropriate.” Size of the photographs was
U =393.0,Z2=4.1,p < .0005), but there were no statistical 20 X 25 cm, with the object (size & 5 cm) placed at the
differences between the two groups with respect to genddvottom of the screen (see Figure 1 for a sample stimulus
distribution (Mann-WhitneyJ = 760.0,Z = 0.5), actual IQ  display). The object’s possible locations were indicated by
[t(77) = 1.4] and handedness (Mann-Whitney= 735.0,  white squares within the photograph. After clicking the
Z = 0.7). All participants had normal or corrected-to- correct location, the object appeared at that location at a
normal vision. size of 2X 2 cm.

Table 2. Demographic variables (age, education level, 1Q, handedness and sex)
of the young and old group, as well as the MMSE score for the older adults

Young adults N = 40) Older adults {l = 40)

M SD Range n M SD Range n

Age 24.8 2.4 20-29 66.2 4.4 60-75
Education level 6.2 0.8 4-7 5.3 1.0 3-7
IQ 105.9 8.6 80-124 102.5 12.6 79-124
MMSE 29.0 1.0 27-30
Handedness

Right 33 35

Left 6 5

Mixed 1 0
Sex

Male 15 13

Female 25 27
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Fig. 1. Example of a stimulus display in the errorless learning condition (actual sizeZ®Hcm).

Procedure In the EL condition, subjects were further instructed to
locate the object at its correct position in the room, which

vas indicated by a white square. The object could be moved

fvsssl'bl?nﬁ)rrloacnxzigr :letri'a(i];uv? ;ﬂterfeggncte (\anﬁtehcias of ﬂ;}%y clicking it and subsequently clicking the indicated loca-
0 learning co ons. nait of the subjects €aCh ion. The object was then shown at that location for 3 s,

age group performed the EL condition, the other half the : :
EF condition. Each group was matched on sex and educ after which the screen was emptied and a button appeared

tion level. Both conditions consisted of a learning phas %th Whic.h the next trial .COUId be started. In the EF condi.-
and a tes-t phase, each consisting of 50 trials (five roometlon’ subjects_ were also instructed to locate the ob_ject atits
with 10 objects eéch) sorregt location, byt .here there were three possible I.oca-
) tions in the room, indicated by white squares. The subjects

. then had to find out which one was the correct location, by
Learning phase clicking the object and clicking a location. The object sub-
In the learning phase, a trial consisted of a picture of esequently moved to that location; if the location was cor-
room, with a photo of one of the objects shown at the botrect, the object was shown at the location for 3 s, otherwise,
tom of the computer screen. Participants were instructethe object moved back to the bottom of the screen and the
that they had to remember the location of the objects in th&ubject had to try again, until the correct location was found.
rooms, which had to be remembered at a later moment. INext, the screen was emptied and a button appeared to start
agreement with Caldwell and Masson (2001), participantghe next trial.
had to say the name of the object out loud in each trial.
Naming errors, Whi(_:h occurre(_j only occ_asionally, were Corragt phase
rected by the experimenter. Given the visuospatial nature of
this memory task, naming errors were not analyzed furtherAfter a 15-min delay, in which the participants performed
The order of the trials was randomized. other cognitive tasks for a separate study, the test phase was

A between-subjects design was used in order to minimiz
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introduced. Atesttrial consisted of the picture of aroom withinclude and the exclude condition, the number of objects
an object at the bottom of the computed screen. Three poselocated at their target locations was computer (i.e., an old
sible locations of the object were indicated by white squaresesponse). Two-way analyses of variance (ANOVA) were
(the target location and two incorrect locations). Each trialperformed, in whichw was set at .05.
was assigned randomly to either the include-instruction con- ANOVA with the number of target answers in the Include
dition or the exclude-instruction condition in such away thatcondition () as dependent variable and Age Group and
every participant performed 25 trials in the include condi-Learning Condition as independent variables showed a main
tion and 25 trials in the exclude-instruction condition. Theeffect of age groupf(1,76)= 28.8,p < .001], indicating
order of the trials was randomized and different from the ordean overall better performance in the young group compared
of the trials in the learning phase. In each trial, the instruc+to the older participants. No main effect of learning condi-
tion (either include or exclude) was shown at the bottom oftion was found F(1,76) = 2.49], but there was a signifi-
the screen and read out loud by the experimenter. cant Age Groupx Learning Condition interactiorH(1, 76)=

In the Include condition, the participant was instructed to4.0, p < .05). Subsequent analysis showed that the young
relocate the object at the target location; this instructiorage group performed better in the EL condition than the EF
activates explicit memory processes (Jacoby, 1998). In cassondition [F(1,38)= 6.0,p < .05], whereas the older par-
the participants could not remember the correct locationgtjcipants’ performance did not differ between the two learn-
they were instructed to relocate the object at the first locaing conditions F(1,38)= .1]. ANOVA with the number of
tion that came to mind; this instruction activates implicit correct answers in the exclude conditid®){(indicating the
memory processes. Hence, in the include condition, botmumber of implicitly generated responses resulting in relo-
implicit and explicit memory produce the target answer, i.e.cation at the old location, as dependant variable and age
the location the object occupied previously. In the excludegroup and learning condition as independent variables again
condition, the subjects first had to recall the target locationshowed a main effect for age group(fL,76)= 11.5,p <
Subsequently, they had to relocate the object diffarent  .001], indicating the older age group more frequently relo-
location than the target location; this instruction hence acticated the objects at an old location in the exclude condition.
vates explicit memory processes. In case the target locatiofihere was a trend for a main effect of learning condition
could not be recalled, the participant was prompted to relofF(1,76) = 3.6, p < .06], indicating an overall slightly
cate the object to the first location that came to mind; thishigher error rate in the EF condition compared to the EL
instruction activated implicit memory processes, in that thecondition. The Age Groupx Learning Condition inter-
location that the object occupied in the learning phase isction was not significantq(1,76)= .4].
expected to be stored implicitly, and the expected response Figure 3 shows the estimates©f(conscious or explicit
would thus be the target location. This response would b@rocessing) antl (unconscious or implicit processing) for
opposite to the response generated by explicit memory thdhe two learning conditions and the two groups. Of the total
would result in relocation at a different location than thegroup of 80 participants, 9 made no errors in the exclude

target one. condition (8 young adults and 1 older person). However, a
perfect performance on the exclude trials results in the under-
RESULTS estimation of the implicit-memory component (Jacoby et al.,

1993). In agreement with the suggestion of these authors,
Figure 2 shows the performance for both age groups in theerfect Exclude scores were therefore not included in the
two learning conditions on the Rooms Task. In both incalculation ofU. ANOVA was performed with the proba-
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o . . .
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5 25) of the young and older group after error-
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o] . . . . .

€ include-instruction ) and exclude-instruction
2 0 . . . ~ (E) relocation trials. In addition to the differ-

ence between EL and EF in the young group
EL EF EL EF (*p < .05), a significant overall effect of age
Young adults Older adults was found @ < .001).
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Fig. 3. Mean (+ SEM) estimates of implicit ) and explicit C) recall after the errorless and errorful learning
conditions in the young and older age group.

bility that explicit memory has generated the respor@@e ( responses in EF. EL helps implicit memory to overcome
as dependent variable and age group and learning conditidhis failure in that only the correct response is strengthened.
as independent variables. The results showed a main effettence, especially the older group should benefit from EL,
of age group F(1,76) = 27.9,p < .001], in which the with an expected higher contribution of implicit memory in
estimate ofC was higher in the young group compared tothe EL than in the EF condition. In contrast, according to
the old group. Also, a main effect of learning condition wasHunkin et al. (1998), (partially) intact explicit memory is
found [F(1,76)= 3.9,p < .05], in which the estimate &  responsible for the beneficial effects of EL. Therefore, it
was higher in the EL than in the EF condition. A trend wascould be expected that the young group should benefit to a
found for an interaction between Age GrouplLearning greater extent from EL than the older participants. Further-
Condition [F(1,76)= 2.9, p < .09]. Subsequent analyses more, the contribution of explicit memory should be higher
showed that the estimate &f did not differ between the in the EL condition than in the EF condition for both age
two learning conditions in the older group, wher€as/as  groups (see also Table 1).
higher in the EL than in the EF in the young grotq{1, 38)= The results clearly show an overall worse memory per-
6.5,p < .05]. ANOVA with the probability that the response formance in the older adults compared to the young group,
was generated by implicit memoryJ( as dependent vari- in agreement with previous studies on age-related deterio-
able and age group and learning condition as independemation of episodic memory in general (Haaland, Price, &
variables did not reveal a main effect for age groupLarue, 2003) and allocentric spatial memory in particular
[F(1,67)= 1.3] or learning conditionf(1,67)= .4]. Fur-  (Desrocher & Smith, 1998). In addition, we replicated the
thermore, there was no significant interaction between Ageesults of Caldwell and Masson (2001). Young adults over-
GroupX Learning Condition F(1,67)= 2.0]. all performed better than older adults in the Include condi-
tion and make less target responses in the exclude condition.
DISCUSSION _As expected, the contribution of explicit memory is smaller_
in older adults compared to the young group, and the esti-
The current study examined the role of explicit and implicit mate of implicit memory does not differ between the groups.
memory in errorless and errorful learning of object loca-This is in agreement with the notion that implicit memory
tions, both in young and older adults. The contributions offunction is relatively spared in ageing, while explicit mem-
explicit and implicit memory were estimated using the ory function deteriorates. With respect to the effects of the
process-dissociation procedure (Jacoby, 1998). Two altefearning conditions, it was found that the young groups
native explanations with respect to the underlying cogni-displayed a better overall performance in the EL condition
tive processes of errorless learning were investigatedcompared to the EF condition in the include condition. Fur-
According to Baddeley and Wilson (1994), implicit mem- thermore, the proportion of explicit memory processes in
ory is responsible for the consolidation of erroneousthe young group is higher in the EL than in the EF condi-
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tion. However, the older group did not benefit from EL dently to the eventual performance has often been challenged
compared to EF, and the proportion of explicit memory(Curran & Hintzman, 1995, 1997). This, however, has been
processes did not differ between the two learning conditionstecognized by Jacoby et al. (1997), who in turn state that
These differential effects of EL in both age groups are inthere is ample evidence that implicit and explicit memory
favor of Hunkin et al.’s (1998) notion that EL works through function in an independent manner in most situations, a
residual explicit memory function, in that the older group finding which is generally supported by empirical manipu-
did not benefit from EL, despite having normal implicit lations (Parkin et al., 1990). Furthermore, Anooshian and
memory function. Furthermore, a recent study by TailbySeibert (1996) have validated the process-dissociation pro-
and Haslam (2003) in patients with mild, moderate andcedure in studying the underlying mechanisms of various
severe memory impairments did not find evidence for aforms of spatial memory.
specific role of implicit memory in EL as well. It should be  In sum, the current study clearly showed an age-related
noted, however, that the term residual explicit memory ismemory decline in explicit spatial memory, whereas implicit
not well defined, in that it is unclear whether it refers to aspatial processing seems unaffected. Additionally, the young
robust, age-independent capacity of explicit memory orgroup benefited from EL compared to EF of spatial infor-
whether explicit memory can be regarded as a continuunmation, whereas the older group did not. Evidence obtained
which declines eventually. Additionally, the finding that the with the process-dissociation procedure reveals that it is
older group does not benefit from EL does not support preexplicit memory that is related to the beneficial effects of
vious results showing that impaired individuals benefit to aEL, and not implicit memory. While generally EL is a prom-
greater extent from errorless learning procedures tharsing technique in cognitive rehabilitation, both in research
unimpaired participants (Baddeley & Wilson, 1994; Evansas in clinical practice (Kessels & De Haan, 2003b; Grand-
et al., 2000; O’Carroll et al., 1999).The present results arenaison & Simard, 2003), the efficacy of this technique in
in agreement with recent findings on the effects of EL inthe learning of spatial information in specific is unclear.
young and older adults using face—nhame associations, alSince learning spatial information is of vital importance in
showing that especially the young adults benefited fromeveryday function (i.e., successful navigation in new envi-
EL, whereas the older group did so to a lesser extent, corronments and remembering the locations of stored items),
trary to the expectations (Kessels & De Haan, 2003a). Howboth in healthy participants and in memory-impaired indi-
ever, if explicit memory is aided by errorless learning, it viduals, more research is needed to unravel the underlying
remains unclear why the older participants did not improvemechanisms of impairment and the effects of intervention
on explicit spatial recall after errorless learning in the cur-principles.
rent study. Obviously, although aging resembles somewhat
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