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Self-reported memory strategies and
their relationship to immediate and
delayed text recall and working
memory capacity

Bert Jonsson*, Carola Wiklund-Hornquist, Mikaela Nyroos & Arne Borjesson®

Abstract

The aim of this study was to examine the performance of fifth-grade children in the reproduction
of the content of a new text directly after they had read it (immediate recall) and one week later
(delayed recall), as well as to investigate the relationship between performance, self-reported
memory strategies, and working memory capacity (WMC). The results revealed that more complex
strategies are associated with better performances, and that children with a high WMC
outperformed children with a lower WMC in immediate and delayed text recall tasks. Hierarchical
regression analyses showed that memory strategy and WMC are the strongest predictors for both
immediate and delayed recall tasks. It is argued that one can use self-reported memory strategies
to estimate strategy proficiency. Awareness of the importance of memory strategies and children’s
WMC in education are further discussed.

Keywords: working memory capacity, self-reported memory strategies, children, text recall

It is well established that working memory capacity (WMC) and its executive
functions are significant predictors for specific school performances such as literacy,
vocabulary and mathematics (e.g. Alloway et al. 2009, 606—621; Andersson and
Lyxell 2007, 197—-228; Gathercole and Pickering 2000a, 377—390; Hitch et al. 2001,
184-198), and that it mediates the development of memory strategies which, in turn,
affects scholastic attainment (e.g. Adams and Hitch 1997, 21-38; Beilock and
DeCaro 2007, 983-988; Turley-Ames and Whitfield 2003, 446-468). Working
memory (WM) includes an attentional executive system controlling three separable
but interacting subsystems: the phonological loop, the visuo-spatial sketchpad, and
the episodic buffer (Baddeley 2000, 417—423). Working memory capacity (WMC)
refers to the ability to process and store information simultaneously (Baddeley 2010,
136—140; Beilock and DeCaro 2007, 984; Turley-Ames and Whitfield 2003, 446).
It has a linear development from the age of four throughout adolescence (Gathercole
et al. 2004, 177-198), but varies widely across individuals (Broadway and Engle
2011). Individual differences in WMC arise from differences in the ability to actively
maintain, manipulate and access task-relevant information in the face of potentially
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interfering distraction (Unsworth and Engle 2007, 104-132). Memory strategies are
deliberate mental activities designed to enhance encoding and retrieval, and refer to
any of a broad set of helpful techniques to improve recall of what has been learned.
Such strategies range from external aids (e.g. note-taking, use of a daily planner) to
internal memory strategies (e.g. chunking, visualisation) and have been found to aid
long-term memory formation (Carney 2011, 937-938). The development of memory
strategies is suggested to be more abrupt than gradual (Schlagmiiller and Schneider
2002, 2908-319; Schneider et al. 2004, 193—209), with the progression from no use
of memory strategies to the use of such strategies occurring as a rapid transition for
most children (Schneider et al. 2009, 70—99). In the present study, children’s self-
reported memory strategies in reading and reproducing a novel text are explored,
and the relations to WMC studied.

The effectiveness of memory strategy is evident from 7 years of age, and the use of
effective memory strategies and performance in text recall tasks seems to increase
significantly between the ages of seven and ten (Schneider et al. 2009, 70—99).
However, task difficulty influences progress; that is, when tasks are more cognitively
demanding, progress tends to be less rapid. It has also been shown that utilising
memory strategies during encoding will affect later performances (Hasselhorn 1992,
202-214). In addition, the use of multiple strategies increases as a function of age
which additionally improves recall ability (Coyle and Bjorklund 1997, 372-380).
There is substantial support for the claim that the acquisition of memory strategies
depends on WMC (e.g., Adams and Hitch 1997, 21-38; Bjorklund et al. 1997, 411-441;
Pressley and van Meter 1993, 128-165); therefore, when investigating memory
strategies it is critical to consider individual variation in WMC in relation to the ability
to produce and execute such strategies. This is particularly important when faced with
tasks such as free recall (Guttentag 1989, 146-170) where memory strategies to
encode and retain information require high-level mental resources. Studies have also
shown that children with a lower WMC, besides having a short attention span and
being easily distracted, experience additional problems in monitoring the quality of
their work (Gathercole et al. 2008, 214—223). Monitoring is a regulatory component
responsible for selecting those memory strategies that work, and then modifying
them, or implementing new ones (Joyner and Kurtz-Costes 1997, 275-300).

This regulatory component is partly dependent on task specificity and context, but
mainly on WMC. In line with this, several studies have shown that individuals with a
high WMC use more elaborate and more cognitively demanding memory strategies,
and therefore perform better. In a study of 7- to 11-year-old children (Adams and
Hitch, 1997, 21-38), it was demonstrated that a higher WMC was associated with
more sophisticated memory strategies and more advanced arithmetic, whereas a
lower WMC was associated with less sophisticated memory strategies, and less
advanced arithmetic. Beilock and DeCaro (2007, 983—998) showed that individuals
with a higher WMC used more complex memory strategies compared with their
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counterparts with a lower WMC. Turley-Ames and Whitfield (2003, 446—468)
confirmed that the use of more elaborate memory strategies was more prominent
and effective for individuals with a high WMC and, conversely, that less cognitively
demanding memory strategies were more effective for individuals with a low
WMC. In line with this evidence, Lemaire and Lecacheur (2011, 282-294) found
increased efficiency in executive function in seventh graders to be significantly related
to children’s strategy selection. Recently, Schleepen and Jonkman (2012, 265)
suggested that children’s individual WMC is an important determinant of the
development of successful use of more effort-demanding semantic grouping strategies
(i.e. grouping items into subcategories) during both encoding and retrieval.

If children do utilise strategies, there is also a question of the relationship between
the possession of knowledge about how to use strategies during encoding for later
recall and being able to name them. In a study by Whitebread et al. (2009, 63—85), 3- to
5-year-old children demonstrated awareness of cognitive processes during problem-
solving, both verbally and non-verbally. Henry and Norman (1996, 177-199) studied
the performance of 4- and 5-year-old children in a free recall task, their use of
strategies for encoding and later recall of the material, and their ability to verbalise
their memory strategies. Their results showed that children at the age of 4 to 5 years
could already verbalise the relationship between their knowledge of simple strategic
behaviour such as naming, and their use of that strategy. Justice (1985, 1107) showed
that at about 7 years of age, children seem to develop an awareness of the value of
strategy use in learning. At this age, most children spontaneously generate typical
strategies like rehearsal to improve learning without the instruction of adults (Paris
et al. 1982, 490-509). There is also evidence of progression; for example, Eileen
(1978, 257—266) found that, in comparison with children in the first and third grades,
fifth graders could verbally reflect on the usefulness of their memory strategies
during encoding for later recall. Several researchers agree that the development of
metacognition increases with age (Cross and Paris 1988, 131-142; Kuhn and Dean
2004, 268-273; Schneider 2008, 114—121; Schraw and Moshman 1995, 351-371).
Similarly, Bjorklund and Zeman (1982, 799—810) showed in three experiments that
fifth graders were able to identify and name their own strategies when asked to recall
the names of their classmates, and they also performed better compared to younger
children (see Schneider et al. (2009, 70—99) and Joyner and Kurtz-Costes (1997,
275-300) for a review). Metacognition is a multifaceted concept; however, in the
present study we narrow the definition of metacognition down to the ability to verbally
report the use of a particular memory strategy for a specific task.

One way in which teachers and parents facilitate cognitive development is by
nurturing the development of children’s understanding about and application of
memory strategies. The awareness of their strategies enables children to benefit
from instruction, which in turn facilitates more durable strategy transfer (see Carr
et al. 1989, 765771, for a review). By the time children reach middle school they are
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expected to be able to gain meaning from texts. Remembering text (words or
sentences) requires a child to first register speech-like memory traces and through a
process of subvocal rehearsal store the information in long-term memory (Baddeley
2010, 136—140) and, second, to recall the words or sentences in the correct order and
process the meaning of those words or sentences; a task that requires both the
executive functions of WM and the phonological loop responsible for the storage of
language-based material (Gathercole and Pickering 2001, 89—97). Although aspects
such as making inferences, drawing conclusions, predicting outcomes and recalling
specific details are additive metacognitive aspects for reading comprehension (e.g.
Sencibaugh 2007, 6-22), the present study restricts its focus to self-reported
memory strategies and text recall in relation to WMC.

Inferred from above it is reasonable to argue that children in grade 5 (11-12 years
of age) should be able to report on their memory strategies. On the contrary, if they
do not report using strategies they should be considered at risk of not having
acquired any strategies. Memory strategies can provide scaffolding and reduce WM
load, therefore helping to avoid the occurrence of WM-related failures (McMurray
2011, 155). Thus, the use of strategies can make remembering less difficult, i.e.
promote long-time learning (Lai 2011). It is therefore important from a pedagogical
perspective to investigate if children’s self-reports can be seen as indicative of
whether the reported strategies are actually utilised or not, and if this utilisation, in
turn, is predictive of school attainment.

In summary, several studies have shown that children are able to reflect with
accuracy on and theorise about their own thinking (Bjorklund and Zeman 1982,
799—810; Lai 2001), and that WMC is essential for developing strategies (e.g. Adams
and Hitch 1997, 21-38; Bjorklund et al. 1997, 411—441; Pressley and van Meter 1993,
128-165). Thus, we argue that if self-reported strategies correspond to a priori
expected performances and are associated with WMC, it is reasonable to assume that
the reported strategies actually reflect strategies that are being used. In the present
study it is expected that:

« repetition should be the most common strategy reported (Turley-Ames
and Whitfield 2003, 446-468), also see Swanson, Kehler and Jerman (2010,
24-47);

+ there will be an association between the strategy complexity and performance,
hence children reporting more complex strategies will perform better than
those reporting less complex strategies (Bjorklund and Zeman 1982, 799—-810;
Paris et al. 1982, 490-509); and

+ there will be an association between strategy complexity and WMC, hence
children reporting more complex strategies will score higher on a complex
WM task (Beilock and DeCaro 2007, 983-998; Lemaire and Lecacheur 2011,
282-294).
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If those three conditions are satisfied, it is assumed that our findings correspond
with previous research, thus reflecting valid self-reported strategies and a relation to
WMC. With those results as a point of departure, hierarchical regression analyses
are used to investigate:

« if self-reported memory strategies are related to performance in immediate and
delayed text recall tasks (e.g., Adams and Hitch 1997, 21-38; Schneider
et al. 2009, 70—99) when controlling for WMC (e.g., Baddeley 1992, 556—559;
Nikoli¢ and Singer 2007, 904—912).

In addition, it is possible that girls use memory strategies more frequently than boys
(Braten and Olaussen 1998, 309-327) and gender is therefore included in the
analyses. Although the teachers stated that no child included in the study had
significant writing, reading ability and/or decoding problems, we measured reading
speed (time to read the text) to obtain an indication of how the decoding and
comprehension of the text influences the analyses. Reading speed is a fluency measure
which provides an indication of the ability to decode and comprehend a text
(e.g. Samuels 2012, 3-16).

Methods

Participants

Thirty-three boys and 33 girls participated in the study. All were in the fifth grade
(age range from 11 years 4 months to 12 years 2 months) of the Swedish education
system and were drawn from three public compulsory schools in northern Swedish
municipalities. All children gave their consent to participate, informed consent was
obtained from the parents, and no one declined to participate. Of the 66 children,
65 took part in all measurements, and all showed age-adequate writing and reading
skills. One child failed to complete the listening span and delayed text recall tasks
and those partial results are therefore excluded from the analysis.

Instruments and procedures

The children were given instructions before each task, offered an opportunity to
practice, and were encouraged to ask questions to prevent misunderstanding.

Text memory

To measure text memory, the children were asked to read a standardised text that
was new to them, with the illustrations removed. The text conformed to a
nationally accepted assessment tool of appropriate textbooks for children in fifth
grade (Hyden, Schubert and Sviden 2002); it was a 193-word article about a man
who worked as a painter in Sweden in the 14th century. The content was assumed
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to be neutral in relation to the experiences of the children. The children were asked
to read the article with the intention of later reproducing the content. When
finished, they were instructed to turn the paper over; the reading speed was then
noted by one of the authors. Reading the text and the subsequent text recall tasks
were conducted in three separate classes with all children present. The memory
assessment was based on how well the participants were able to reproduce the
content on two occasions. The first occasion was immediately after they had read
the text (immediate recall); the second was one week later (delayed recall). On both
occasions, they were given instructions to reproduce all details by writing down
everything they could remember from the text without worrying about grammar
and spelling.

The analysis was based on a system in which the article is divided into units
consisting of three to ten words depending on content. Exact reproduction of a unit
scored 1 point, a partial reproduction scored 0.5 of a point, and one word or nothing
reproduced from the unit scored o. This method is similar to that used in the
“Logical Memory” test in the Wechsler Memory Scale (Wechsler 1987).

Memory strategies

Questions about the memory strategies the participants employed while encoding
for later reproduction of the content were asked individually in a separate room
after the immediate text recall task. The participants were asked if they had used
any specific method to remember the text better. Despite what previous research
has shown, it is nevertheless possible that children would be unable to verbalise
their actual use of memory strategies for several possible reasons, e.g. shyness or a
lack of conceptual understanding; therefore, following Guttentag (1989, 146-170),
Gyselinck, Meneghetti, De Beni and Pazzaglia (2009, 12-20) and Turley-Ames and
Whitfield (2003, 446—468) they were offered five alternatives to describe their
strategies for remembering:

No strategy — no use of any strategy was reported;

Repetition — re-reading parts and/or the whole text several times;
Visualisation — creating images similar to photographs or movies;
Elaboration — association of the text with prior experience or knowledge; or
a Combination of two or more specific techniques.

g W N

The alternatives were presented in randomised order to prevent systematic bias.
The use of repetition was defined in the present study as more advanced than using
no strategy (Guttentag 1989, 146—170) and visualisation as more advanced than
repetition (Gyselinck et al. 2009, 12—-20), or at least more cognitively demanding
(Turley-Ames and Whitfield 2003, 446). Elaboration and a combination of memory
strategies were considered more advanced than visualisation and repetition, but were
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not disentangled in advance. However, no child reported that they used elaboration as
a memory strategy; consequently, the combination of strategies was viewed as being
the most advanced strategy employed (Coyle and Bjorklund 1997, 372).

Working memory

Individual WMC was assessed through listening recall tasks (Daneman and
Carpenter 1980, 450—460) in which the children were required to process and
retain information simultaneously. In the listening span test, the children make
judgements about the meaning of a series of sentences while trying to remember the
last word of each sentence for subsequent recall. It requires them to both store and
process increasing amounts of information and includes different levels that are
characterised by the number of sentences in each set. In terms of vocabulary and
syntactic complexity, the sentences are held constant at the different levels and it is
only the number of words to be recalled that increases as the level rises.
The numbers of correct words in the response were added together for the
score. Complex span tasks have been shown to have good reliability and validity
when measuring individuals’ WMC (Conway et al. 2005, 769—786). The listening
span task was administered individually in a separate room during regular school
time.

Statistical analyses

All analyses were conducted with SPSS 18. Performances in the listening span test
(WMC), reading speed, and text recall tasks were screened for outliers. Two outliers
were found in the results for the immediate and delayed recall tasks, and two in the
results for reading speed. These were replaced with the series’ median values.
To evaluate the validity of the self-reported strategies, a frequency analysis of the
self-reported strategies (no strategy, repetition, visualisation, combination) was
conducted (denoted as strategies). A test of the linearity assumption between the
independent and dependent variables revealed that strategies deviated significantly
from linearity for both immediate text recall (p =0.026) and delayed text recall
(p =0.03). The analysis of skewness and kurtosis revealed that strategies and
reading speed were moderately skewed (0.70 and 0.90, respectively) and that
kurtosis for reading speed was outside three standard errors." Considering the
skewness, kurtosis and deviation analyses, we log10 transformed reading speed and
strategies. After this transformation, the analyses of the deviations from linearity
were non-significant (all p>o0.5) for both reading span and strategies with
immediate and delayed text recall, respectively. Skewness was within —1/2 to 4 2
and kurtosis within three standard error deviations for reading speed and strategies,
respectively. To investigate the associations between the strategies, WMC, reading
speed, gender, immediate recall and delayed recall, Spearman rank correlation
analyses were conducted. To disentangle the distinction between reporting using
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some kind of memory strategy (strategy) and reporting no use of strategies (no
strategy), and to increase the power of the analyses, the self-reported strategies
combination, visualisation and repetition were amalgamated into one (denoted as
strategy). Two hierarchical regression analyses were used to evaluate the main
effects of strategy (strategy, no strategy), a categorical variable, while controlling for
WMC and reading speed as continuous variables, and gender as a categorical
variable. The regression analyses were conducted for each dependent measurement;
that is, immediate and delayed recall. To control for WMC, gender, and reading
speed before evaluating the contribution of strategy, WMC and gender were entered
in the first step, reading speed in the second step and self-reported memory
strategy in the third step. Immediate and delayed recall were entered as dependent
variables. For each step, the increment in the variance is reported together with the
standardised beta-value, F-change, t-values and squared semi-partial correlations,
sr’. The squared semipartial correlation indicates the amount of variance that
was uniquely accounted for by a specific variable. Statistically, median split and
percentile group analyses can be problematic (MacCallum et al. 2002, 19); however,
a dichotomisation of WMC was performed and conceptualisation of the results was
obtained through two mixed model ANOVAs.

Results

We first conducted frequency analyses to evaluate the distribution of self-reported
strategies. Table 1 shows the frequency of the strategies along with the mean values
and standard deviations of the text memory scores. A chi square analysis con-
firms that repetition was the most common strategy reported (n=34) and that
very few children reported using visualisation as a strategy, x*(3, N =65) =27.93,
p <0.0001.

Table 1. Children’s self-reported strategies at immediate and delayed text recall

Immediate recall Delayed recall
Strategy n M (SD) M (SD)
No strategy 15| 7.53 (4.64) 4.06 (4.06)
Repetition 34 | 12.21 (5.04) 8.56 (4.76)
Visualisation 5] 9.20 (5.03) 6.20 (3.61)
Combination 12 | 14.92 (5.09) 12.55 (3.76)

Note: The table shows mean values and standard deviations for immediate and delayed text recall. n denotes the
number of participants and their self-reported strategies.

To investigate the associations between strategies (no strategy, repetition,
visualisation, combination), WMC, gender, reading speed, and immediate and
delayed recall, Spearman rank correlation analyses were conducted (Table 2). WMC
was found to be significantly correlated with strategies, immediate and delayed
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recall. As expected, children reporting more complex strategies had a higher WMC.
Strategies were found to be positively correlated with both immediate and delayed
recall. Also as expected, more complex memory strategies were correlated with
better performances in both immediate and delayed text recall.

Table 2. Spearman rank correlations table for WMC, gender, reading speed, strategies (No
strategy, repetition, visualisation, combination of strategies), and immediate and delayed
recall

Variables 1 2 3 4 5 6

1. WMC 0.17 —0.16 0.39** 0.55** 0.54**
2. Gender —0.25 0.40* 0.32% 0.32%
3. Reading speed —0.04 —0.07 —0.02
4. Strategies 0.41* 0.50**
5. Immediate recall 0.78%*
6. Delayed recall

Note: **p <.01, *p <.05

Two hierarchical regression analyses were conducted to evaluate the contribution
of strategy (strategy no, strategy), WMC, gender, and reading speed. As shown in
Tables 3 (a & b), WMC and gender were found to be significant predictors in step 1
for both immediate and delayed recall, explaining 37% and 39% of the variance,
respectively. In step 2, WMC and gender remained significant in both immediate
and delayed recall; however, entering reading speed did not incrementally con-
tribute to either of the analyses. In the final step, WMC remained significant. The
entry of strategy contributed significantly in both immediate and delayed text recall
(although this was only marginally significant in immediate recall). The explained
variance grew incrementally for both immediate and delayed recall, explaining 41%
and 43%, respectively. The regression analyses confirm the prediction that WMC is a
significant predictor of both immediate and delayed text recall and that strategy,
together with WMC, are a significant predictor of performances above the influence
of reading speed and gender. Gender as a significant predictor disappears in both
immediate and delayed recall upon entering self-reported strategies in the analyses.
The non-significant effect of reading speed shows that the amount of time spent
reading the text did not influence performance in either immediate or delayed recall.
In the two regression analyses, SPSS reported tolerance values as measures of
multicollinearity; i.e. a control measure of whether predictor variables are highly
linearly related. The presence of multicollinearity makes it difficult to assess the
individual importance of a single predictor. The tolerance values were in the range
0.70-0.97 and were therefore considered acceptable. Hence, a rule of thumb is that a
value of less than 0.1 may indicate the presence of large multicollinearity (Lin 2008,

417-426).
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Table 3a. Hierarchical regression analysis predicting immediate text recall

Step R R? F change 3 sr? t-value
Step 1 .61 .37 18.33%**

WMC 0.52 0.26 5.08%**
Gender 0.24 0.05 2.38%
Step 2 61 .38 0.80

WMC 0.53 0.27 5.14%**
Gender 0.26 0.06 2.49*
Reading speed 0.09 0.00 0.89
Step 3 .63 41 3.34

WMC 0.47 0.19 4.45%%%
Gender 0.17 0.02 1.47
Reading speed 0.03 0.00 0.32
Strategy 0.22 0.03 1.82%

Note: ***p <.001, *p <.05, "p <.10

Table 3b. Hierarchical regression analysis predicting delayed text recall

Step R R? F change p sr? t value
Step 1 .62 .39 19.90***

WMC 0.53 0.27 5.27%**
Gender 0.25 0.06 2.51%*
Step 2 63 .39 0.43

WMC 0.54 0.28 5.29%**
Gender 0.26 0.06 2.59*
Reading speed 0.07 0.00 0.66
Step 3 .66 .43 4.10%*

WMC 0.48 0.20 4 57***
Gender 0.16 0.02 1.47
Reading speed —0.05 0.00 —0.47
Strategy 0.24 0.04 2.03*

Note: ***p <.001, *p <.05

The significant effects of WMC and strategy on immediate and delayed text recall
performances are illustrated in Figure 1 (a & b). For comparison purposes, WMC was
divided along a median split into two WMC groups, i.e. participants scoring below the
median value in the listening span task were placed in the low WMC group and
participants scoring above the median value in the high WMC group (Figure 1a). The
strategy variable is displayed as analysed; participants not reporting having any
strategies were placed in the no-strategy group and participants reporting having
some sort of strategy were placed in the strategy group (Figure 1b). As can be seen in
Figure 1a, children in the high WMC span group performed better than those in the
low WMC group with both immediate and delayed recall. A mixed model ANOVA with
text recall (immediate, delayed) as a within-subject factor and WMC (high, low) as
between-subject evaluated the performances and strategy group. The analyses

394



WMC and self-reported memory strategies

revealed significant within- and between-subject effects, F(1,63) =82.51, p <0.0001,
N5 =0.56, F(1,63) =33.0, p <0.0001, N5 =0.87, respectively. The main effects were
not qualified by an interaction between immediate/delayed recall and WMC group,
F(1,63) =0.44, p > 0.5, nj =0.001. Figure 1b shows that those children who reported
they had used memory strategies (n = 51) performed in a superior way to children who
reported they had not used any memory strategy (n =15), and this difference was
present with both immediate and the delayed recall. A mixed model ANOVA with text
recall (immediate, delayed) as a within-subject factor and strategy (strategy, no
strategy) as between-subject evaluated the performances and strategy group. The
analyses revealed significant within- and between-subject effects, F(1,64) =62.05,
p <0.0001, N3 =0.49, F(1,64) =17.28, p <0.0001, n; =0.21, respectively. The main
effects were not qualified by an interaction between immediate/delayed recall and
strategy group, F(1,64) =0.06, p > 0.5, nj =0.00.

a) b)
20 20
B Immediate ;
Il Immediate
18 [ Delayed 18 4 [ Delayed
16 16
14 - 14 -
g
s 121 T = 121
kS 3
@ 10 1 *>:< 10 - T
8 2 8
6 . 6
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0 T T 0 T T
Low High No Strategy Strategy
WMC group Strategy Group

Figure 1. (a & b). Mean values representing immediate recall and delayed recall across low
and high WMC group (a) and no strategy and strategy (b). Participants in the high WMC
group outperformed participants in the low WMC group in both immediate and delayed
recall tasks. Participants who reported strategies outperformed participants who
reported no strategy in both immediate and delayed recall tasks. Standard errors are
represented by the error bars attached to each column.

Discussion

In the present study, repetition is reported by grade-five children as the most
common memory strategy. Children reporting more complex strategies performed
better than those reporting less complex strategies, and also scored higher on a
complex WM test. This study provides indirect evidence and substantial support for
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the argument that memory strategies that are self-reported are de facto used during
the encoding of text. The subsequent hierarchical regression analyses show that
children’s self-reports of using a memory strategy could be seen as a significant
predictor of immediate and delayed text recall, even when controlling for reading
speed, WMC and gender.

The frequency analysis reveals that repetition was the strategy most commonly
used during encoding for later recall, which corresponds well to previous work
by Turley-Ames and Whitfield (2003, 446—468); also see Swanson et al. (2010,
24-47). The significant correlation between strategies (no strategy, repetition,
visualisation, combination) and immediate and as well as delayed performances
indicates that more complex memory strategies lead to better performances in both
immediate and delayed recall compared to less complex memory strategies or no
strategies. One exception was visualisation, defined as a more advanced memory
strategy than repetition, which should therefore facilitate a stronger performance
than repetition. However, as pointed out by Turley-Ames and Whitfield (2003, 466),
visualisation is a cognitively demanding strategy; it is therefore possible that
children in fifth grade have not yet obtained the required cognitive capacity to use it
and do not benefit from using it as a memory strategy. This could reflect a utilisation
deficiency (Bjorklund et al. 1997, 411—441); in other words, it may be that using this
strategy is too cognitively demanding to facilitate higher recall. These findings show
that the usage of more complex memory strategies is more effective for storage
in long-term memory when studying text than using less complex strategies
(van Blerkom 2009). However, in relation to the present results, it seems important
to consider the child’s cognitive level if one is introducing more complex strategies
such as visualisation.

The significant correlation between WMC and self-reported memory strategies
(Table 1) observed in the present study suggests that WMC and the use of memory
strategies are related (e.g. Adams and Hitch 1997, 21—38; Bjorklund et al. 1997,
411-441; Pressley and van Meter 1993, 128—165). Although it seems likely that the
development of WM precedes the development of strategies, the results in this study
do not provide a causal link between WMC and the ability to acquire memory
strategies. It therefore cannot be ruled out that strategy use and WMC are at least
partly bidirectional (Best 1993, 324—336).

This study demonstrates that children are able to reflect with accuracy on their
own thinking also see (Lai 2011) and, in addition, that their self-reported strategies
are valid. With these findings as a point of departure, the hierarchical regression
evaluated whether having a strategy is predictive of immediate and long-term text
recall even when controlling for WMC, gender and reading speed. The results
showed that reporting a strategy can be viewed as a reliable predictor of children’s
performances above the influence of all three variables. However, it is important to
point out that the strongest predictor was in fact WMC, which also remained
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significant across all three steps. Why does WMC have this effect? A possible
explanation is that individual differences in WM are related to the amount of WMC
available (Cantor and Engle 1993, 1101-1114). In vision, the information needs to
enter WM before it can be moved into long-term memory. This is evidenced by the
fact that the speed with which information is moved into long-term memory is
determined by the amount of information that can be fit, in each step, into visual
WM (Nikoli¢c and Singer 2007, 904—912). In other words, the larger the capacity
of WM for certain stimuli, the faster these materials will be learned and the more
likely they will be remembered. This result fits well with the many other studies
showing that WMC and the executive functions are indeed related to performances
(e.g. Alloway and Alloway 2010, 20—29; Alloway et al. 2009, 606—621; Andersson
and Lyxell 2007, 197—-228). Another possible explanation is that children with higher
WM spans are better able to inhibit irrelevant information (e.g. Rosen and Engle
1997, 211-227).

In the present study, 22% of the children reported they did not use a particular
memory strategy. Why? One possible explanation of this absence is that they either
have no knowledge of memory strategies or do not know how to utilise them. An
alternative suggestion is that, although they do use strategies to help them
remember, they do not report them; however, as inferred from previous research
(e.g. Bjorklund and Zeman 1982, 799—810) this is an unlikely scenario. Instead, the
significant positive correlation between WMC and strategies (no strategy, repetition,
visualisation, combination) together with the results from the regression analysis,
the significant contribution of WMC as a single predictor in the immediate and
delayed recall indicates that WMC is the key component that explains the lack of
memory strategies. This is supported by the argument of Adams and Hitch (1997,
21-38) who concluded that the ability to develop memory strategies is related to
WMC. In the present study, it is possible that for some children the combination of
having a low WMC and a highly demanding cognitive task leads to a cognitive
overload, which in turn leaves no cognitive resources available to implement
memory strategies (Joyner and Kurtz-Costes 1997, 275-300). It is even possible
that the present study underestimated the effect of WMC on text recall. It was shown
in a study by Lépine, Parrouillet and Camos (2005, 165-170) that a computer-paced
WM task (where a computer controls the pace at which the stimulus is presented)
consisting of reading successive letters, in comparison to self-paced WM tasks
(where the pace at which the stimulus is presented is controlled by the individual)
was more predictive of academic performances such as literacy. Hence, performing
tasks when there is a time constraint limits the time available to utilise strategies
and, with less time, the participants must rely to a larger extent on their WMC. In
the present study, there were no time constraints, giving the children time to utilise
memory strategies that in turn perhaps suppressed the potential effect of the WM
load and facilitated a stronger performance in the text recall tasks. A time constraint
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during encoding may have reduced the possibility of employing strategies and
increased the effect of WMC. However, the regression analyses showed that reading
speed had no effect, indicating that the time children spent during encoding did not
affect their performances.

There are some limitations to the present study. Retrieval without writing the
answers down could have generated a somewhat different result. A basic assumption
was that the children were aware of all their strategies, or would become aware of
them when presented with alternatives. Yet it is possible that more automatic
strategies are employed unconsciously or that they are unable to verbalise available
strategies. Although they were asked and encouraged to tell which strategies they
were using, it is thus possible that strategies are missed. There was no control over
the children’s activities in the week between the immediate and delayed tests.
Controlling for general intelligence and also the inclusion of other WM tasks may
have increased the validity of the results. However, complex WM tasks such as the
listening span test have been found to correlate reasonably well with intelligence
and reading comprehension (e.g. Daneman and Carpenter 1980, 450—466;
Schweizer and Moosbrugger 2004, 329—347). In addition, when asked, the teachers
stated that the individual child’s regular school performance was within the normal
distribution.

In summary, our study extends previous findings showing that memory strategies
are crucial for doing well in memory tasks and that WMC is the key component
(Adams and Hitch 1997, 21—38). In our study, there were no direct and independent
measurements of the extent to which memory strategies were actually used.
Naturally, there are problems with reliance on self-reporting such as interviews
and a think-aloud protocol; strategies are cognitive and covert in their nature and
cannot be easily measured (Joyner and Kurtz-Costes 1997, 275-300). Direct
observations are, of course, an alternative option; however, if not video-recorded
(e.g. Beilock and DeCaro 2007, 987), the observed behaviour is a transient event
which requires on-line rating and the use of multiple raters to be considered reliable.
Another option is to manipulate the strategy information that is given to the children
and measure the changes in performance (Turley-Ames and Whitfield 2003,
446—-468). An alternative way to investigate and validate children’s use of strategies
is, like in the present study, to relate self-reported strategies with the expected
pattern of performance and with more objective measures such as standardised
measures of WMC. Taking the present results together with previous research,
in which most assessments utilised interviews and questionnaires (Joyner and
Kurtz-Costes 1997, 275-300), we are provided with substantial evidence that the
self-reporting of memory strategies is indicative of the actual use of such strategies.
It thus seems plausible to argue that if children in fifth grade are unable to report
that they use memory strategies, they are either unaware of how to use them, have
poor working memory, or both. In any case, this should be a clear warning signal
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to further investigate the individual child’s learning strategies. If a pupil is identified
as having a low WMC it is crucial to further investigate whether they also lack
appropriate memory strategies. Hence, since studies have shown that individuals
with a low WMC can reduce their load on WM by using rehearsal as a strategy
(McNamara and Scott 2001, 10-17; Rosen and Engle 1997, 211—227; Turley-Ames
and Whitfield 2003, 446—468), we therefore argue that children with a low WMC
and/or no strategies in their cognitive repertoire will benefit from special education
that focuses on memory strategies. Nevertheless, it is also imperative for teachers to
use numerous strategies to help students recall information. By combining a variety
of teaching techniques, teachers can ensure that each student, regardless of their
learning style, will recall information effectively.

In addition, children who perform poorly in school should be considered as
potentially lacking memory strategies and having a low WMC (e.g. Alloway and
Alloway 2010, 20—29; Wang and Gathercole 2013, 188-197). Increasing teacher
awareness of the importance of WMC for teaching and learning strategies is crucial
(Gathercole et al. 2008, 214—223). If children are constrained by the limits of WM
(Briinken et al. 2002, 109—119), they are also likely to lack constructive memory
strategies (Adams and Hitch 1997, 21-38; Schneider et al. 2009, 70-99), which
places these learners in a vulnerable learning situation with a greater risk of lagging
further behind (Gathercole et al. 2008, 214—223). Educationally, it is therefore
important to teach pupils to compensate for a low WMC by employing adequate
memory strategies (Dehn 2011).
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Note

1 Skewness (SE) for WMC, immediate text recall, delayed text recall, strategies (no strategy, repetition, visualization &
combination of strategies) & reading speed were —0.74(0.30), 0.33(0.29), 0.48(0.29), 0.70(0.29), 0.98(0.28). Kurtosis (SE)
were —0.66(0.58), —0.69(0.58), —0.84(0.52), —0.49(0.58), 1.9(0.45), respectively.
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