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Abstract

Although an important role has been ascribed to working-memory capacity in reading comprehension, little consensus
exists on its conceptualization, operationalization, and measurement except for its recognition as a limited-capacity process-
ing and storage system. One specific problem in the measurement of working memory comes from researchers’ use of storage
scores in reading span tests (RST) as an index of working-memory capacity, as if processing were inconsequential. The inad-
equacy of the focus on storage is compounded by the use of different testing procedures to measure it. Another issue stems
from the use of L2 reading as a global construct, thus failing to account for L2 readers’ text-boundedness, which often
enhances their literal understanding at the expense of their inferential comprehension. Thus, the purpose of this study
was first to compare the performance of L2 readers on two L2 RSTs that differed in task type used to measure storage. Sec-
ond, the study aimed at investigating the relationships between L2 reading, compartmentalized into its literal and inferential
dimensions of understanding, and composite RST scores representing both storage and processing performance. The find-
ings indicate that, unlike recall tasks, recognition tasks fail to detect individual differences in working-memory storage. They
further indicate that composite scores of storage and processing correlate with inferential rather than literal understanding
in L2 reading when recall-based rather than recognition-based RSTs are used to measure storage.
� 2009 Elsevier Ltd. All rights reserved.
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1. Introduction

Although an important role has been ascribed to working-memory capacity in reading comprehension, lit-
tle consensus exists on its conceptualization, operationalization, measurement, and assessment (Friedman and
Miyake, 2004; Juffs, 2004; Koda, 2005; MacDonald and Christiansen, 2002; Traxler, 2006; Waters and
Caplan, 1996) except for its recognition as a limited-capacity processing and storage system for conducting
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a variety of cognitive tasks that require controlled attention. Baddeley’s (1986, 2000) theoretical model posits
working-memory capacity as involving a multi-component system which consists of a supervisory attentional
mechanism (the ‘central executive’) and three auxiliary domain-specific subsystems, each of which is respon-
sible for processing phonological (‘phonological loop’), visual (‘visuospatial sketch pad’), and long-term mem-
ory-related data (‘episodic buffer’). There seems to be a general consensus that Daneman and Carpenter’s
(1980) concept of working memory, operationalized through a complex span task that requires the simulta-
neous processing and storage of items, maps onto Baddeley’s construct of the central executive (Baddeley,
2003; Hitch, 2005; Just and Carpenter, 1992; Turner and Engle, 1989). Yet in Baddeley’s model, ‘the process-
ing function of the central executive is supported by the independent storage functions of the phonological
loop and visuospatial sketchpad’, as indicated by Andrade (2006, p. 16).

Another difficulty stems from Daneman and Carpenter’s claim that, as components of a unitary pool of
attentional resources, processing and storage act in a trade-off relationship due to capacity constraints. Towse
and colleagues (Towse et al., 2002; Towse and Hitch, 1995) argue that, rather than a trade-off between pro-
cessing and storage, the critical factor of span is task switching, determined by the time spent processing versus
recalling. This view is indirectly supported by the notion that processing and storage components are function-
ally independent, with each component relying on different aspects of the cognitive system instead of being
parts of a unitary pool. Alternatively, it has been suggested that the basic determinant of span may be the
attention-switch itself rather than the time spent processing or recalling, given that working memory is char-
acterized by a general, domain-free system of attention-control processes whose functions are to inhibit con-
ditions of interference and distraction with a view to maintaining relevant information in long-term memory in
an accessible state (Conway and Engle, 1994, 1996; Conway et al., 2005; Engle, 2002; Hambrick and Engle,
2003; Kane et al., 2007).

Furthermore, while it is generally acknowledged that working-memory capacity as a domain-general ability
of controlled attention is not language-specific (Osaka and Osaka, 1992; Osaka et al., 1993), some evidence
points to its interaction with language proficiency by showing how significant performance differences between
first-language (L1) and second-language (L2) span tasks decrease as an individual’s level of L2 knowledge
increases (van den Noort et al., 2006; Service et al., 2002; Walter, 2004).

Finally, there is no consensus on how to score the span task, one of the common measures of working-
memory capacity (Conway et al., 2005; Friedman and Miyake, 2005). Nor is there consensus on whether
to measure the processing and storage components through tasks in which modality effect (e.g., tasks sub-
served by numerical, verbal or visuospatial properties) is a critical factor (Brünken and Seufert, 2007; Maehara
and Saito, 2007) or else through tasks that simply necessitate effortful controlled processing regardless of the
modality they characterize (Conway and Engle, 1996). Last but not least, different amounts of working-mem-
ory resources required by different cognitive tasks are not normally taken into consideration in the research.
For example, in the case of reading comprehension, the likelihood of substantial differences occurring in the
demands placed on working memory when readers answer comprehension questions with the text available or
unavailable has not been accounted for, even though text availability leads to cognitive operations that cater
to the search for the correct answer; yet its unavailability requires a significant dependence on the reader’s
memory skills (Andreassen and Bråten, 2007).

2. Working-memory capacity and conceptualization of reading

In addition to theoretical and operational issues concerning working-memory capacity, researchers typically
treat reading comprehension itself as a global construct, paying little attention to its multilevel representational
architecture and the role played by each level in comprehension. Clearly, reading tasks involve in varying
degrees the contribution of the surface code, the propositional textbase, and the situation model of comprehen-
sion (Kintsch, 1998). Depending on the reader’s interaction with a given level, it is likely that working-memory
capacity is differentially involved, as reading tasks characterizing each level require not only different degrees
but also different types of cognitive activation associated with their complexity. As a case in point, inferential
reading, which underlies the situation model, is found to be more difficult than literal reading (Rupp et al., 2006)
because of the heavier demands it places on working-memory capacity in terms of the ‘intrinsic’ cognitive load
its tasks involve (Sweller, 1994). Generating inferences, in fact, is known to entail effortful cognitive control pro-
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cesses that are not normally found in the relatively simpler operations of literal understanding, since these oper-
ations are generally characterized by automatic or less demanding controlled processing.

In general, literal understanding involves lower-order linguistic operations of lexical decoding and syntactic
parsing to set the surface code as well as integrating micro- and macro-level propositions to construct a syn-
tactically and semantically cohesive textbase. As such, it provides a shallow understanding of the text since it
does not go beyond the representation of textual meaning as expressed by the author. A deeper understanding
of the text, that is, one which gives rise to its coherent interpretation, comes with the integration of the surface
code, the textbase, and the reader’s relevant knowledge (i.e., world knowledge, knowledge of text genre, the
discourse model built up during text processing) such that a mental model of the situation is formed in relation
to what the author means.

3. Working-memory capacity and L2 reading

A number of studies exploring the relationship between working-memory capacity and L2 reading seem to
have basically adopted Daneman and Carpenter’s (1980) original measure of working memory, with span
tasks (reading span, counting span, visuospatial span) used to assess input retention and processing as part
of a dual-task paradigm (Chun and Payne, 2004; Harrington and Sawyer, 1992; Leeser, 2007; Walter,
2004). In general, span tasks have been found to be valid (Conway et al., 2005) and reliable (Friedman and
Miyake, 2004; Whitney et al., 2001) instruments of working-memory assessment in a variety of fields. As indi-
cated earlier, the underlying notion in a dual-task paradigm is the trade-off expected to emerge between the
processing and storage functions of limited working-memory resources. However, span tasks are satisfactory
with the one caveat that they focus on storage rather than processing (Waters and Caplan, 1996). Thus, to
evaluate both storage and processing, the need arises to make use of composite scores. Unfortunately, the
use of composite scores seems to have been overlooked in most L2 research on the subject (e.g., Harrington
and Sawyer, 1992; Miyake and Friedman, 1998; Osaka and Osaka, 1992; Osaka et al., 1993), as the emphasis
has been placed exclusively on the participant’s recall score as an index for what the span task really measures.

Taking recall as the putative index of working-memory capacity, one encounters a fundamental discrep-
ancy in its measurement in L2 research. An overview of the literature shows that differences exist in the type
of testing procedure used. While most studies have employed a test where individuals are required to report
the sentence-final words that they remember (e.g., Harrington and Sawyer, 1992; Leeser, 2007; van den Noort
et al., 2006; Walter, 2004), recognition tasks where test participants select sentence-final words from a set of
options have also been used (e.g., Chun and Payne, 2004). Thus, one wonders whether the type of testing pro-
cedure affects the conclusions drawn about individuals’ storage capacity and, in turn, those drawn about their
working-memory capacity in general.

What further necessitates a closer examination of potential links between working-memory capacity and
reading comprehension is the generally acknowledged tendency of L2 readers to behave like inefficient L1
readers (Chun and Payne, 2004; Diao and Sweller, 2007; Horiba, 1996; Jonz, 1989; Taillefer, 1996) in that they
attend to surface-level and textbase-level features of the text, often at the expense of coming to grips with
higher-level conceptual processes of reading. It follows that this over-reliance on the text, which often stems
from language proficiency problems, enhances literal understanding while impeding inferential comprehen-
sion. The propensity for text-based processing prevents the rapid retrieval of previously acquired or recently
formed domain-specific schemas from ‘long-term working memory’ (Ericsson and Kintsch, 1995), not to men-
tion its inhibitory effect on their cognitively efficient application in working memory.2 L2 readers’ excessive
focus on text-bound literal understanding combined with the different nature and degree of the cognitive oper-
ations subserving literal versus inferential reading processes make it imperative for L2 reading to be compart-
mentalized into its principal dimensions of literal and inferential comprehension prior to being used as a
dependent variable in working-memory research.
2 According to Ericsson and Kintsch (1995), working memory comprises two functional components. The first is the ‘short-term working
memory’, which is responsible for updating and manipulating representations, switching and dividing attention between tasks, and
selecting relevant information while inhibiting irrelevant data. The second is the ‘long-term working memory’, which maintains access to
relevant representations from long-term memory for retrieval purposes.
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4. Research questions

Amidst the controversies surrounding the relationship between working-memory capacity and reading
comprehension, the current study aimed to shed light on two specific issues associated with this relationship.
The first dealt with the type of reading comprehension process being assessed, i.e., whether the reading task
taps literal or inferential understanding. The second involved whether the storage function of the span task is
likely to affect construct validity if it is measured through recall or recognition questions, as the use of these
typologically different questions may induce response outcomes that shape the construct. It is interesting to
note, for example, that Chun and Payne (2004), who used multiple-choice items to measure storage, were
unable to find any significant relationship between span scores and reading comprehension in the L2, although
positive relationships between the two constructs have been found in recall-based research (e.g., Harrington
and Sawyer, 1992; Leeser, 2007; Walter, 2004), possibly due to researchers’ use of different task requirements
(recognition versus recall) and scoring procedures (storage scores versus composite scores). Based on these
considerations, we sought to investigate the following:

1. Is there a relationship between processing and storage tasks of recognition- and recall-based reading span
tests?

2. Is there a relationship between recall-based reading span and literal comprehension accuracy?
3. Is there a relationship between recall-based reading span and inferential comprehension accuracy?
4. Is there a relationship between recognition-based reading span and literal comprehension accuracy?
5. Is there a relationship between recognition-based reading span and inferential comprehension accuracy?

Given that, irrespective of their type (reading span, counting span, visuospatial span), span tasks account
for the same variance in comprehension (Turner and Engle, 1989), it was decided to make use of a reading
span test (RST) in the present study. It was hypothesized that the processing and storage tasks in the recog-
nition-based RST would correlate with the processing task in the recall-based RST but not with the recall-
based storage task, due to the identical nature of the cognitive processes underlying recognition (Hypothesis
1). This hypothesis was based on the understanding that both types of RST make use of the same grammat-
icality judgment test requiring participants to correctly discriminate syntactically accurate sentences from
those that are inaccurate, as being representative of the processing function. Similarly, the recognition-based
RST also requires participants to correctly discriminate the correct option from the distractors in the given
multiple-choice questions. Although this procedure has been taken to tap the RST’s storage function (e.g.,
Chun and Payne, 2004), what it in fact measures is the participant’s ability to identify the correct option in
relation to alternatives that are, cognitively speaking, ‘externally presented retrieval cues’ indicative of other
recognition tasks rather than participants’ internally generated cues for free recall of stored items (Unsworth
and Engle, 2007, p. 112). It was further hypothesized that, given the general recall-based RST findings that
point to a positive relationship between working-memory capacity and reading performance (e.g., Harrington
and Sawyer, 1992; Leeser, 2007; Miyake and Friedman, 1998; Walter, 2004), there would be, in the case of the
recall-based RST, a positive relationship between reading span and literal comprehension accuracy on one
hand (Hypothesis 2), and inferential comprehension accuracy on the other (Hypothesis 3). Finally, no mean-
ingful relationship was expected between reading span and either literal understanding (Hypothesis 4) or infer-
ential comprehension (Hypothesis 5) in the case of the recognition-based RST, as research using recognition
tasks as working-memory measures has failed to show significant correlations with L2 reading comprehension
(e.g., Chun and Payne, 2004).

5. Methodology

5.1. Participants

The participants in the present study were Turkish undergraduate students enrolled in an English-medium
university in Turkey. They had been successful on the university’s English proficiency test, whose minimum
pass mark is accepted as the equivalent of 550 on the paper-and-pencil version of the TOEFL. Their ages ran-
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ged from 20 to 23, with an average of 21.52 years. Of the 30 students who participated in the study, 24 were
female and 6 were male. They formed a homogeneous group in terms of their educational background in that
they had all completed a teacher training high school and were enrolled in university-level ELT (English Lan-
guage Teaching) courses in order to become teachers of English.

5.2. Materials and procedures

Materials for the study consisted of two versions of an RST in English (the participants’ L2), one with
recall-based and the other with recognition-based items designed to measure storage. In addition, a reading
comprehension test with multiple-choice items based on a narrative text in English was used.

5.2.1. Reading span test (RST)
The RST in English was a modified version of Daneman and Carpenter’s (1980) model, using the procedures

described in Harrington and Sawyer (1992) and Chun and Payne (2004). Although the RST used in Chun and
Payne was in the participants’ native language, the current study made use of an RST in the L2, modeled after
Harrington and Sawyer. This was thought to be appropriate in view of research findings that point to working
memory in the L2 having a stronger relationship with L2 syntactic comprehension (Miyake and Friedman, 1998)
and L2 reading comprehension (Harrington and Sawyer, 1992; Walter, 2004) than with L1 working memory.

A computerized version of the RST was used in the present study. It consisted of 70 unrelated simple sen-
tences in the active voice, each 11–13 words in length. Every sentence ended with a different word. The sen-
tences were divided into 20 sets. The test involved four levels, starting at two and extending up to five
sentences, with each level containing five trials. A grammaticality judgment test was incorporated into the
RST to ensure that participants processed every sentence syntactically and did not simply focus on the final
words. There were 35 grammatical and 35 ungrammatical sentences, arranged randomly. Each sentence
appeared only once. All participants were tested on the same sets of sentences. After the participants finished
reading all five trials at one level, they proceeded to trial 1 of the next level. The total number of words recalled
(or recognized) across all trials was recorded as the measure of the participant’s storage capacity, given the
concern for the reliability and criterion validity of RST scoring methods (Friedman and Miyake, 2005).
The total number of sentences accurately judged, on the other hand, represented the measure of the partici-
pant’s processing capacity. The maximum possible score for both processing and storage tasks was 70. Finally,
storage and processing scores were converted to z-scores and their average was taken in order to obtain com-
posite scores, as suggested by Waters and Caplan (1996).

The RST had two versions which differed in terms of the type of task used for the storage component. One
version involved a recall task while the other involved a recognition task. In the recall task, the participants
were required to remember the sentence-final words and enter them in any order into a textbox on a computer
screen. The recognition task, on the other hand, required the participants to choose the sentence-final words
from a list of given options.

The test, administered in a computer lab, was delivered online by displaying one sentence after another in 7-
s intervals until all the sentences in a set had been viewed. No reading aloud was done. While processing the
sentences silently, the participants pressed one of two computer keys to indicate whether a given sentence was
grammatical or ungrammatical. In the recognition version, after all the sentences in a set had been viewed, a
list of words to choose from appeared on the screen. Following Chun and Payne (2004), three options were
given (two distractors and the correct option) for each word to be recognized as the final word of each sen-
tence. For sets containing five sentences, for instance, 15 words were presented. Distractors came either from
nouns belonging to the same semantic category or from sentence-final nouns in previous sets. Participants
selected the words which they thought were correct by clicking the checkbox next to the word. In the recall
version, on the other hand, they entered the sentence-final words they remembered as soon as the message
‘‘Recall” appeared on the computer screen. In both versions, the participants’ judgments concerning the gram-
maticality of the sentences and the number of correct words they remembered were recorded by the computer.

Internal consistency reliability coefficients for the recognition and recall tests were calculated on the storage
and processing tasks separately. The Cronbach’s alpha on the processing and storage tasks for the recognition
test were found to be .634 and .691, respectively, while those for the recall test were .688 and .857.
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The participants first took the recognition-based RST. Two months later they were given the recall version
of the same test. The reason for the 2-month time interval between the two administrations was to ensure that
they had forgotten all about the content of the sentences in the RST.

5.2.2. Reading text

The narrative text used for reading comprehension was an American short story by Delmore Schwartz
(Schwartz, 1978). The story, ‘In Dreams Begin Responsibilities’, is autobiographical in nature and takes place
in New York City in the early 1900s, when immigrants were struggling to find their way in the New World.
The two conflicting themes in the narrative are success in business and worldly accomplishment on one hand,
and social problems caused by quick financial gains in a new culture on the other.

Schwartz’s story was selected for having a universally meaningful theme, taking place in a culturally unfa-
miliar social context. The plot deals with the thoughts and deeds of a young man with nouveau riche tenden-
cies, who is about to marry a girl from a well-established yet not particularly wealthy family.

5.2.3. Reading comprehension test

The participants’ comprehension of the text was measured with a multiple-choice test. Based on Pearson
and Johnson’s (1978) taxonomy of reading questions, the test contained an equal number of textually explicit
questions on one hand, and textually and scriptally implicit questions on the other (10 of each type, a total of
20 points). These were presented in mixed order, following the course of the story. Textually explicit questions
measured readers’ literal understanding. That is, the answers could be derived directly from the text, based on
the comprehension of an explicitly stated proposition or the identification of the relationships between explicit
propositions. Textually implicit and scriptally implicit questions, on the other hand, were designed to measure
readers’ inferential comprehension, as the answers rested on the ability to make either connective or elabora-
tive inferences. In the case of connective inferences, readers were required to integrate implicitly presented tex-
tual information and their schematic knowledge (textually implicit processing for local coherence); as for
elaborative inferences, readers were required to draw inferences by moving beyond the text to construct a men-
tal model of what it was about (scriptally implicit processing for global coherence). Examples of test items for
each category appear in the appendix.

The participants had continuous access to the text on the computer screen and were instructed to read it
silently. They were told to answer the comprehension questions that would appear one by one, alongside
the text. They were informed that their comprehension accuracy scores would be based on the number of cor-
rect answers out of the total number of questions. During the 50 min they were given for the test as a whole,
they were free in terms of the processing time for individual questions.

6. Results

6.1. Relationship between processing and storage tasks on the recognition- and recall-based RSTs

Descriptive statistics for the recognition and recall reading span tests, including the composite scores for
each test, are provided in Table 1. The column labeled ‘processing’ shows the data for the sentence judgment
task while the column labeled ‘storage’ shows the data for the total number of words recalled accurately.

The average performance on the processing task is similar across the recognition and recall tests. However,
there is a noticeable difference between the two tests in terms of average performance on the storage task; the
participants performed better when they were given the recognition-based RST. In terms of variability, the
scores on the recognition-based test yielded less variability on both components, indicating that the partici-
pants performed similarly. Larger individual differences, on the other hand, are observed on the recall-based
test.

Correlations among the processing, storage, and composite scores across the tests are provided in Table 2.
Table 2 indicates that there is a moderate positive correlation between the processing and the storage tasks

on the recognition-based RST. The positive relationship between the tasks and similar average performance
on these tasks suggest that the two tasks may be tapping identical cognitive processes. However, no correla-
tion between the processing and storage tasks is observed on the recall-based RST. The large mean difference



Table 2
Correlations among the working-memory tasks across recognition- and recall-based tests.

Recognition processing Recognition storage Recall processing Recall storage Recognition composite

Recognition storage .60***

Recall processing .60*** .30*

Recall storage .01 .23 �.23
Recognition composite .80*** .84*** .45** .14
Recall composite .51*** .44** .64*** .60*** .48***

* p < .10
** p < .05.
*** p < .01.

Table 1
Descriptive statistics for the reading span tests.

Recognition Recall

Processing Storage Composite Processing Storage Composite

M 59.66 58.01 �.16 58.05 48.27 �.07
SD 3.68 5.10 .80 5.01 8.62 .57
Min. 53 45 �1.53 44 28 �1.50
Max. 67 67 1.28 67 67 1.54
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between the processing and storage tasks (t (29) = 4.90, p < .001) and the lack of relationship between them on
the recall-based test may point to an independent functioning of these components. In addition, the processing
task on the recall-based RST has a significant positive correlation with the processing task on the recognition-
based test, and it correlates with the storage task on the recognition-based test at the .10 level. The recall-based
storage task, on the other hand, does not correlate with any other task. Finally, the composite scores on the
recognition- and recall-based RSTs seem to correlate moderately with each other.

6.2. Correlations with reading comprehension

In order to determine which type of RST was a better measure of working-memory capacity, literal and
inferential comprehension accuracy scores were used as criterion measures and their correlations with work-
ing-memory scores were obtained.

The participants performed better in understanding literal questions (M = 7.67, SD = 1.34, Min. = 5,
Max. = 10) than inferential questions (M = 4.27, SD = 1.28, Min. = 2, Max. = 6). The large difference
between the means of literal and inferential comprehension scores (t (29) = 8.96, p < .001) and the low corre-
lation between them (r = �.246, p > .05) point to different dimensions of reading comprehension. Therefore,
correlations between working-memory scores and comprehension accuracy were calculated separately for each
dimension of reading.

To examine whether reading span was related to comprehension accuracy, Pearson product–moment cor-
relations were calculated not only between the composite scores but also the storage scores for the recognition-
based and recall-based RSTs with literal and inferential comprehension (see Table 3).

Table 3 shows a moderate correlation between composite scores on the recall-based RST and inferential
comprehension. Other correlations with composite scores were low or negligible as were those with storage
Table 3
Correlations between working-memory scores and reading comprehension dimensions.

Recognition Recall

Storage Composite Storage Composite

Literal comprehension .17 .19 .04 .04
Inferential comprehension .07 .19 .20 .40*

* p < .05.
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scores. These findings provide support for Waters and Caplan’s (1996) thesis that the measurement of work-
ing-memory capacity based simply on performance on the storage component of a complex span task is ques-
tionable in terms of the reliability and stability of the measure.

A simple regression analysis was conducted to determine whether composite recall scores predicted any var-
iability in inferential comprehension. The analysis revealed that recall-based composite span scores signifi-
cantly predicted inferential comprehension (r2 = .16; F (1, 28) = 5.21, p < .05).

These findings confirm our first hypothesis, which predicted that the processing and storage tasks in the
recognition-based RST would correlate with the processing task in the recall-based RST but not with the
recall-based storage task, due to the identical nature of the cognitive processes underlying recognition. It is
likely that recognizing the grammaticality of given sentences and the last word of each sentence from a set
of lexical options taps similar or perhaps identical processes of discrimination, namely responding to exter-
nally presented retrieval cues. That is, the availability of either the list of sentences or the multiple-choice ques-
tions provides the participants with the opportunity to retrieve relevant information from their long-term
working memory by means of recognition procedures. On the other hand, remembering the last word of sen-
tences from memory is a case of free recall that involves internally generated retrieval cues whose mission is to
focus the search on relevant representations in long-term working memory. It follows that there is a qualitative
difference between recall and recognition tasks in terms of the cognitive operations they require. Moreover,
free recall tasks may be more demanding than recognition tasks in that item retrieval through the use of inter-
nally generated cues is based on the ability to effectively delimit the search process to only relevant informa-
tion. Conversely, the use of externally presented retrieval cues is likely to facilitate the recovery of information
related to the target items in that it delimits the search set naturally.

Our second hypothesis, which posited a positive relationship between recall-based working-memory scores
and literal comprehension, was not confirmed. However, our third hypothesis, which predicted a positive rela-
tionship between recall-based working-memory scores and inferential comprehension, was confirmed. Finally,
we found no relationship between working-memory scores from the recognition-based RST and either dimen-
sion of reading comprehension, as expected.
7. Discussion

The present findings suggest that working memory is a significant factor affecting the dependent variable of
reading, but only in the case of inferential comprehension and with storage load measured through a recall-
based procedure. However, no meaningful relationship emerges when a recognition-based procedure is uti-
lized to measure the storage load, as was also the case with Chun and Payne’s (2004) research findings. These
results can best be explained in light of the interaction between the qualitatively and functionally distinct com-
ponents of working memory. It should be noted that short-term working memory, with its limited capacity,
actively maintains a distinct number of separate representations for ongoing processing by means of the con-
tinued allocation of attention. However, with the switching of attention due to trying to tackle a distracting
secondary task or the presence of more incoming information (‘cue overload’), item representations can be
displaced from short-term working memory. In this case, items must be retrieved from long-term working
memory through the use of internally generated cue-dependent search processes that aim at accessing relevant
information by means of a variety of retrieval cues (e.g., contextual, categorical, temporal). It follows that
both short-term working memory and long-term working memory contribute to performance in free recall,
accounting for the meaningful relationship found between the recall-based measurement of the storage load
in working-memory capacity and inferential reading comprehension.

However, as suggested by Unsworth and Engle (2007), performance in recognition tasks is driven by two
separate mechanisms.3 One is a fast-acting and fairly automatic process of familiarity, which is said to operate
independent of retrieval processes associated with working-memory capacity. The other is the slower and
3 Our views generally follow Unsworth and Engle’s (2007) operational model of working memory, which accounts for the roles played
by primary and secondary memories in the performance of recall and recognition tasks. However, we make use of Ericsson and Kintsch’s
(1995) operational constructs, which comprise the two functional components of working-memory capacity, namely, short-term working
memory and long-term working memory.
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more controlled recollection process that aims at recovering information about the target item from long-term
working memory. In this sense, only in cases where it becomes necessary for a controlled search that uses
externally presented cues to identify the target item can recognition procedures play a role in retrieving per-
tinent information from long-term working memory. Otherwise, it is likely for automatic processes to lead the
individual to the target item on account of its familiarity. Hence, the use of recognition-based procedures in
RSTs with a view to measuring storage can be inadequate in that the participants’ performance could be par-
tially contingent on a strategically controlled search process of long-term working memory or on the auto-
matic retrieval of information from long-term working memory. Whereas short-term working memory is
activated in the former procedure, it plays no role in the latter.

Given then the differences in the cognitive processes associated with recognition and recall, the participants’
recall-based storage tasks not correlating with any of the other measures in the present study is not surprising.
Nor should one find it unusual that there are meaningful correlations between constructs that seemingly
appear to be at odds with each other: the participants’ storage performance in recognition-based tasks corre-
lates not only with their performance in the processing tasks on the same RST, but also with their performance
in processing on the recall-based RST. In fact, these results point to the likelihood that the judgment task on
the syntactic plausibility of the RST sentences and the recognition of sentence-final words tap similar, if not
identical, computational procedures, as indicated earlier.

The results further suggest that reading comprehension itself, as a dependent variable, should be operation-
alized and measured in terms of its principal components of literal and inferential reading rather than being
treated as a holistic entity. Literal reading requires readers to expend their cognitive resources on less con-
trolled or, at times, automatic processing of textually explicit data, which is relatively less demanding in terms
of ‘intrinsic’ cognitive load (Sweller, 1994), particularly for L2 readers with advanced proficiency. In contrast,
inferential reading involves tackling a series of complex tasks associated with textually and scriptally implicit
information. It follows that, unlike literal understanding, inferential comprehension necessitates controlled
and effortful processing even for proficient L2 learners.

Another interesting issue in the present study involves the lack of a significant relationship between literal
comprehension and recall-based L2 working memory. At first, this may appear surprising since a number of
researchers, such as Harrington and Sawyer (1992) and Leeser (2007), found meaningful relationships
between working-memory capacity and overall reading comprehension. This discrepancy should be expected,
however, in view of the important differences in conceptualization and methodological design between the
present research and the aforementioned studies. First, unlike the present study, Leeser examined the rela-
tionship between working-memory capacity measured in the L1 and text recall in the L2. His use of free
recall as a measure of reading comprehension may explain his findings showing a significant relationship
between working-memory capacity and text recall, as free recall, with its strong reliance on memory (Koda,
2005, p. 237), is a common denominator of performance on both working-memory tasks and recall-based
reading tasks.

In contrast, like the present study, Harrington and Sawyer investigated the relationship between L2 work-
ing-memory capacity and L2 text comprehension. Nevertheless, like Leeser, they treated reading comprehen-
sion ability as a global construct, bypassing an in-depth understanding of its underlying constituents that seem
to be associated with different types and degrees of cognitive activation. Thus, the possible confounding effects
of literal understanding in relation to inferential comprehension or, for that matter, inferential comprehension
to literal understanding were simply ignored in the assessment of the link between reading ability and working-
memory capacity.

Secondly, Harrington and Sawyer, in tune with most of the related research in the L2 field (e.g., Chun and
Payne, 2004; Osaka and Osaka, 1992), operationalized working-memory capacity as depending exclusively on
storage scores. Leeser, on the other hand, following Waters and Caplan’s (1996) suggestions, made use of
composite scores representing both the processing and storage components of the RST. Aside from such
major variations in working-memory assessment that could shape the construct, none of the L2 studies exam-
ining the relationship between working-memory capacity and reading comprehension took account of the dif-
ferences in processing that characterize recognition versus recall tasks, the majority of the researchers making
use of recall-type working-memory tasks while others using recognition-based tasks, as if the types of process-
ing underlying such tasks were one and the same.
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8. Pedagogical implications

The findings of the present study have direct implications for the assessment of reading comprehension. The
fact that the participants performed significantly better on literal comprehension than inferential comprehen-
sion and the lack of relationship between these two dimensions of reading suggest that global measures of
comprehension may not be the best indicators of reading performance. Cognizance of these two dimensions
of reading could open the way to a more appropriate weighting of test items in that weights could be assigned
to questions according to the type and depth of comprehension they require. In this sense, the intrinsic cog-
nitive load of the reading task could be the determining factor, with inferential questions normally receiving
more weight than literal ones.

The findings from the recall- versus recognition-based RSTs also have indirect implications for the type of
assessment used to measure reading comprehension. Recall and multiple-choice questions are the two most
commonly used types of assessment. The current findings indicate that there will be a larger variability in per-
formance due to differences brought about by working-memory capacity in the case of recall rather than rec-
ognition tasks. In other words, a task like free recall relies on memory to a greater extent than a recognition
task (Koda, 2005, p. 237). Unsworth and Engle (2007) explain why there is greater variability in working-
memory performance in the case of recall tasks. They argue that individual differences in working-memory
capacity result from the ability to delimit the search set in retrieving information. In performing recall tasks,
individuals have to use internally generated cues to delimit the search set, and the search set of low working-
memory individuals will include more irrelevant information compared to those with high working-memory
capacity. In the case of recognition tasks, the search set will already be delimited by externally given cues.
Therefore, individual differences stemming from efforts to delimit the search set will not arise. These findings
from working-memory research can be transferred to designing proper reading comprehension measures in
that using recognition-based assessment tools may reduce the cognitive load on working-memory capacity
imposed by task requirements. In other words, when the inherent difficulty of a complex task (e.g., inferential
elaboration) is coupled with the extraneous load brought about by the design of the assessment tool (e.g., free
recall), there may be an unnecessary cognitive overload on working-memory capacity (Sweller, 1994). Thus,
the use of recognition tasks in reading comprehension assessment can, at least, reduce the detrimental effects
of construct- irrelevant factors.

9. Conclusion

The findings of the current study demonstrate that working-memory capacity can be considered a pre-
dictor in L2 reading so long as RSTs assess storage through recall-based tasks and measurement makes
use of composite scores that account for both storage and processing. In addition, even if working-memory
capacity is generally accepted not to be language-specific, the findings point to a possible relationship
between the L2 learner’s proficiency level and the contribution of working memory to reading comprehen-
sion in the L2. In this light, L2 literal reading could be associated with working-memory capacity only for
readers with low L2 proficiency levels because of these readers’ propensity for text-based processing. Other-
wise, the specific construct that needs to be correlated with working-memory capacity can be said to be
inferential reading in that, unlike literal reading, it shows a consistently meaningful relationship with work-
ing memory.

Limitations of the current study as well as suggestions for future research are worth mentioning. To begin
with, this study focused exclusively on the ‘central executive’ component of Baddeley’s (1986, 2000) model of
working memory. It should be realized that working-memory capacity comprises but is not limited to the cen-
tral executive. Thus, the results should be interpreted with the caveat that they are not applicable to all aspects
of working memory. Secondly, caution should be exercised in generalizing the results to other learners with
different degrees of L2 proficiency. The participants in this study were future teachers of English—adults with
a good command of the L2. The fact that their recall-based L2 working-memory scores correlated with L2
inferential reading scores may indicate that high-level questions tapping deep level comprehension and span
tasks cannot be distinguished. That is, reasoning beyond the text or integrating several relevant pieces of infor-
mation across paragraphs requires similar cognitive abilities as those characteristic of span tasks. In this sense,
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Koda’s (2005, pp. 199–200) argument for identical processes underlying both working-memory capacity and
reading ability may be valid so far as reading entails chiefly inferencing.

In the same vein, it can be conjectured that the significant effects found between the recall-based working-
memory tasks and inferential comprehension on the L2 reading text could be related to the fact that the work-
ing-memory tasks were conducted in the participants’ L2. It would thus be interesting to replicate the study
with L2 learners with different proficiency degrees and age levels, with RSTs administered in both the L1 and
L2. It would perhaps be even more interesting if a longitudinal study were undertaken to probe the interac-
tions among L1 and L2 working-memory capacities, the L2 learner’s evolving interlanguage system at different
stages, and literal and inferential comprehension processes in L2 reading. Such studies could shed additional
light on whether working-memory capacity interacts with the degree of language proficiency or is independent
of language altogether. They could further show whether literal understanding and inferential comprehension
in L2 reading have a relationship of interface or noninterface, depending on the learner’s proficiency level in
the second language and/or individual differences in relation to the relative contribution of working memory
to the reading process. In the final analysis, working-memory capacity seems to be a significant factor distin-
guishing good and poor readers only if certain conditions are met. Thus, the findings of the present study
should be considered exploratory, being suggestive of the need for new directions and areas to be investigated
regarding the role of working-memory capacity in reading comprehension in the L2.

Appendix A. Examples of test items

A.1. Sample textually explicit literal question

They are going to Coney Island this afternoon, although my mother really considers such pleasures inferior.
She has made up her mind to indulge only in a walk on the boardwalk and to enjoy a pleasant dinner, avoiding
the riotous amusements as being beneath the dignity of so dignified a couple.

According to the narrator’s mother, what kind of place is Coney Island?

(a) A place where one witnesses riotous amusements.
(b) A place where dignified couples take a walk.
(c) A place where inferior pleasures are avoided.
(d) A place where people enjoy a pleasant dinner on the boardwalk.
A.2. Sample textually implicit inferential question

My father tells my mother how much money he has made in the week just past, exaggerating an amount
which need not have been exaggerated. But my father has always felt that actualities somehow fall short, no
matter how fine they are. Suddenly, I begin to weep.

Why does the narrator begin to weep?

(a) He is aware of his father’s exaggerations to his mother on all matters.
(b) He dislikes his father’s talking to his mother on how much money he has made.
(c) He feels that his father should tell his mother about his real earnings.
(d) He knows that his father prefers to run away from actualities even if they are fine.
A.3. Sample scriptally implicit inferential question

What seems to mentally preoccupy the narrator’s father with regard to the future?

(a) His popularity
(b) His business
(c) His marriage
(d) His family
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