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1. Introduction
This paper reports findings from an investigation of the factor structure and reliability of the HighLevel Language Aptitude Battery (Hi-LAB), an innovative test under development for use in
predicting high-level attainment in post-critical period second language acquisition (SLA). 1 SLA
studies reveal a tight positive correlation between age of first exposure to a foreign language and
overall success in that language for learners whose exposure to the second language begins during the
critical period (DeKeyser & Larson-Hall 2005; Hyltenstam & Abrahamsson, 2003; Johnson &
Newport, 1989; Long, 1990). At around puberty, however, this age-success correlation falls off
sharply, as shown schematically in Figure 1. Nonetheless, some individuals are reported to attain highlevel proficiency in a foreign language despite a late start (Abrahamsson & Hyltenstam, 2008;
DeKeyser, 2000). 2 We hypothesize that such people have a special aptitude for foreign language
learning. Moreover, we hypothesize that high-level language aptitude consists of inherent cognitive
and perceptual abilities that can compensate for the typical post-critical period degradation in language
learning capacity.
In 1990, John B. Carroll, developer of the Modern Language Aptitude Test (MLAT; Carroll &
Sapon, 1959), recommended moving to computer-delivery of language aptitude batteries,
incorporating scientific advances in the understanding of human memory systems, and including
measures of inductive thinking (Perry & Stansfield, 1990). Meanwhile, significant advances were also
made in understanding how foreign languages are learned, prompting a paradigm shift in language
teaching methodology (Long & Doughty, 2009). Contemporary approaches emphasize communication
and interaction over the study of language as object, and, thus, adopt a task-based or other experiential
approach. In light of all these advances, existing aptitude tests have become outdated in terms of their
delivery systems, 3 their underlying constructs, and their congruence with how foreign languages are
learned. Therefore, we have undertaken to develop a new aptitude battery.
Hi-LAB is designed to identify individuals with the inherent capacity, or aptitude, to reach
advanced levels of foreign language proficiency. High-level language aptitude, operationalized in
cognitive and perceptual constructs, is conceptualized as a measurable ceiling on language-learning
ability, holding equal all other factors such as motivation, other individual differences, and
opportunities for instruction or immersion.

1

Of course, it should be noted that while aptitude may be a necessary factor in the attainment of near-native
ability, it is not sufficient. Ample opportunity, exposure to input, and self-regulation are examples of other
necessary factors.
2
We distinguish among nativelike, near native, and high levels. Adult starters cannot attain full nativelike ability,
but some are capable of very high levels of success.
3
Second Language Testing, Inc. has developed a computer-delivered MLAT, but the items are not changed from
the original, paper and pencil version.
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Figure 1. Schematic correlation scatter plot for age-level 4 language-learning success. (Level 4 refers
to the ILR scale and indicates distinguished professional proficiency).
The study reported here had four primary aims:
1. Investigate inter-relationships among hypothesized Hi-LAB factors
2. Test hypotheses about factor structure against empirical data
3. Estimate internal consistency of Hi-LAB measures
4. Assess stability of Hi-LAB measures
It is important to point out that the Hi-LAB factors investigated in this study are hypothesized to
be predictive of high-level L2 attainment, but the predictive validity research has yet to be conducted.
The purpose of the present study was to establish the reliability of innovative measures of language
aptitude and to begin to examine the relationship among the hypothesized factors. The next phase of
the Hi-LAB research will be a group discrimination study that will collect Hi-LAB scores for
participants who have had equal opportunity to acquire their second languages but with established
very high and very low language proficiency, as measured by L2 criterion measures that we expect HiLAB to be able to predict. The results of the reliability and validity studies will ultimately be used to
determine the composition of the final Hi-LAB battery, which will then be used in a longitudinal
predictive validity study.

2. Method

2.1. Participants
Eligible individuals were adults between the ages of 18 and 40 years, who were native speakers of
English. The age-exclusion criterion was implemented to screen out minors and older adults who
might be suffering from potentially confounding, age-related effects such as hearing or memory loss.
Participants were required to be native speakers of English to avoid language effects. 4 As described
below, participants could attend up to five sessions. Because the data from the first three sessions
constituted one complete set (i.e., for assessing internal consistency), but the data from all five sessions
were most useful (i.e., for assessing stability), incentive pay was offered as follows to encourage
participants to return: $25, $25, and $50 respectively for Sessions 1–3, and $30 and $70 for Sessions 4
and 5.
The enrolled participants actually ranged in age from 18 to 29 years of age (n = 193). The mean,
median and mode for age were the same: 21 years old. The majority (93%) of the participants were
4

Study participants in an aptitude study must be tested in their native language (or in no language), otherwise L1
advantages or disadvantages can accrue. The ultimate users of this test are native speakers of English, therefore
the test was designed in English. Participants had little foreign language learning experience, but it is our
assumption that aptitude can be tested prior to language learning. It is an empirical question still whether language
learning experience has a measurable effect on aptitude.
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undergraduate and graduate students at the University of Maryland, although the study was not
intentionally restricted in this way. 5 Fifty-two percent of the participants were female, and 48% were
male. The majority, 91%, were right-handed, about the same as the general population.

2.2. Instrument
As noted earlier, Hi-LAB is under development. Since one purpose of the present study was to
investigate our hypotheses about the components of an aptitude for high-level language, we will
discuss our instrument in greater detail than might ordinarily be the case. The hypothesized constructs
for Hi-LAB (shown in Table 1) were motivated by experts in second language acquisition and
cognitive psychology. The leftmost column lists the major constructs hypothesized to underlie highlevel language aptitude: memory, perceptual acuity, speed, primability, induction, pragmatic
sensitivity, and fluency. An important innovation in Hi-LAB is that these abilities are measured
directly by engaging individuals in computer-delivered tasks that tap perception and cognition. We
discuss the Hi-LAB constructs briefly here and mention some example tasks that measure them. The
details of the Hi-LAB measures and their development are described in their entirety in Doughty,
Bunting, Campbell, Bowles & Haarmann (2007). Furthermore, an Assessment Use Argument
(Bachman, 2005; Bachman, forthcoming) for Hi-LAB is presented in Mislevy et al. (2008). 6
Table 1. Hi-LAB Constructs
Constructs
Memory
Working
Memory

♦ Short-Term Memory
Capacity
♦ Executive Capacity
and Control

Long-term ♦ Rote Memory
Memory
Acuity

♦ Perceptual Acuity

Speed

♦ Processing Speed

Primability

♦ Priming

Induction
♦ Implicit Induction
♦ Explicit Induction

5

Pragmatic
Sensitivity

♦ In research and
development

Fluency

♦ In research and
development

Brief Definitions and Components
The capacity to process and store input with active trade-offs among
these components:
The small amount of information that can be kept in an accessible
state in order to be used in ongoing mental tasks: verbal-acoustic
STM; verbal-semantic STM.
A set of processes that, collectively, regulate and direct attention and
control voluntary processing: updating, inhibition, task-switching,
and attentional capacity.
Explicit, intentional long-term storage that results from rehearsal.
An above-average capacity to hear or see cues in the auditory or
visual input: auditory perceptual acuity; visual perceptual acuity.
The speed of response to stimuli: processing speed; decision speed.
The extent to which prior experience of stimuli in the input
facilitates subsequent processing: semantic priming, repetition
priming.
The process of reasoning from the specific to the general, i.e.,
noticing similarities among several instances and drawing a
generalization based on these similarities:
Acquiring the patterns in input without awareness of them.
Acquiring the patterns in input with awareness of the patterns in
examples.
The ability to hypothesize connections between context and use:
registering and tracking salient context cues; detecting
miscommunication.
The automaticity of planning and articulating speech.

A reviewer noted that this is a sample from a population with relatively high intelligence. This is also true of the
target population for Hi-LAB. It would be interesting to examine, in another study, whether the factor structure is
the same for the general population.
6
These reports may be obtained at www.casl.umd.edu.
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Hi-LAB is the first foreign language aptitude test to incorporate advances in the understanding of
the human memory system, as called for by Carroll (1990). Working memory (WM) and long-term
memory (LTM) comprise the remarkable human memory system. WM, in and of itself, is a complex
system, entailing both short-term memory (STM), which holds information in an accessible state, and
the central executive, which controls attention and additional sub-processes (Baddeley, 2003;
Baddeley & Hitch, 1974). WM creates the temporary workspace necessary for transfer of information
into LTM, as well as provides a platform for additional activities such as comprehension and reasoning
(Atkinson & Shiffrin, 1968). A handful of empirical studies have specifically linked WM and the
central executive system to foreign language learning, suggesting that greater working memory
resources and attentional control predict both a faster rate of learning and a higher attained level of
proficiency (Miyake & Friedman, 1998).
Hi-LAB specifically taps one WM sub-component, namely verbal-acoustic short-term, memory
(STM), hypothesized to be related to language learning at advanced levels. Also called phonological
STM, this component aids in the rehearsal or maintenance of unfamiliar words (Cowan, 1995), such as
vocabulary in a foreign language. Phonological STM is commonly assessed by simple span tasks
which are relatively pure measures of the storage component of memory. To take one example, HiLAB’s nonword span task (Haarmann, Davelaar, & Usher, 2003) measures the ability to remember
and report increasingly longer lists of short, pronounceable pseudowords serially presented on a
computer, for instance, fesh, teg, mulp. The pseudowords were not intended to mimic a natural
language, but were specifically intended to be meaningless yet pronounceable by native speakers of
English. 7 At the most basic level, verbal-acoustic STM involves recalling stimuli based purely on their
phonology and not their meaning or regularities of their phonological structure. The scoring used for
this task was the same as other simple span tasks, in which only completely recalled lists contributed to
the score in proportion to their length. A complete description of nonword span task scoring appears
later in this report.
The central executive system, also called executive capacity and control (ECC), is another major
component of WM probed by Hi-LAB. Four distinguishable sub-constructs within ECC—updating,
inhibition, task-switching and attentional capacity—were included in the Hi-LAB design. Updating
refers to the process of refreshing the contents of working memory with new, more relevant
information (Morris & Jones, 1990). An individual’s ability to update information in WM, which
includes monitoring and coding information for relevance while new information is incoming, is
crucial in the context of high-level language learning. Schmidt’s influential “Noticing Hypothesis,”
states that “SLA is largely driven by what learners pay attention to and notice in target language input
and what they understand the significance of noticed input to be” (Schmidt, 2001, p. 3-4: see also
Schmidt, 1990, 1995, 2008). The Operation Span (OSPAN) task, shown in Figure 2, is one task that
measures updating in Hi-LAB (Turner & Engle, 1989; Unsworth, Heitz, Schrock, & Engle, 2005).
Respondents are asked to remember a set of items, but must read and process simple math problems
between the presentations of to-be-remembered items. Memory of the set must be updated each time a
new item is presented. There were ten lists of letters presented in a random order in our version of
OSPAN, comprising two lists each of lengths three to seven. The percentage of letters recalled
correctly in each list was computed, and the average proportion correct across all ten lists was used as
the score. Figure 2 shows an OSPAN task which requires remembering sets of words.
Inhibition is the ability to ignore a dominant or automatic response when necessary. Recent
developments in studies of bilingual processing have implicated inhibition as a key cognitive
mechanism supporting bilingual language use (e.g., Abutalebi, 2008; Kroll, Bobb, Misra, & Guo,
2008), and a series of correlational studies has found that highly proficient bilinguals outperform
monolingual counterparts on several tasks that require inhibitory control (Bialystok et al., 2004;
Bialystok, Craik, & Ryan, 2006; Colzato et al., 2008; Costa, Hernandez, & Sebastian-Galles, 2008). A
classic inhibition task is the Stroop task, which measures the ability to inhibit the automatic response
to read a word when the task objective is to name the color of the text making up the word (e.g., the
7

Different sets of pseudowords that are pronounceable but meaningless would need to be generated for any
version of this test developed for native speakers of languages other than English.
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word “red” printed in blue ink; See Figure 3). The score for the Stroop task is the difference between
incongruent reaction time and baseline reaction time.

Figure 2. Operation span.

Figure 3. Stroop task. 8

8
Editors’ note: Originals of Figures 3 and 4 appeared in full color. Due to formatting constraints, they are
presented here in black and white.
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Task-switching, the ability to shift between multiple tasks, operations or mental sets (Monsell &
Driver, 2000), is hypothesized to reflect an aspect of cognitive control that is critical for efficient
bilingual lexical selection and for advanced language tasks such as translation, code switching, or
switching registers (Abutelbi et al, 2008; Hernandez, Martinez & Kohnert, 2000; Segalowitz &
Frenkiel-Fishman, 2005). For instance, in the colors-shapes task, shown in Figure 4, individuals must
press buttons on a response box to indicate the colors of triangles and circles, and then switch to
pressing buttons matching the shapes, regardless of what color they are. This generates a switch-cost
measure which may be indicative of cognitive control. Smaller increases in reaction time during a
block of responding to just one characteristic of the figure (e.g., just the shape of the figure) and a
block of trials where individuals must be ready to switch between responding to either condition of the
figure reflect more cognitive ability.

Figure 4. Task switching.
Attentional capacity is an important part of the executive control system in working memory. The
central executive can serve a storage function when attention is used to hold a very limited amount of
information in the focus of attention. The form of the activated features could include sensory,
phonological, orthographic, visuo-spatial, semantic, or lexical features held outside of the focus of
attention. Attending to representations within this activated memory presumably results in the
construction of object representations in the focus of attention (Kahneman, Treisman, & Gibbs, 1992).
It is possible to measure how many chunks of information can be held in the focus of attention at one
time (Bunting, Cowan, & Saults, 2006; Cowan, 2001). This is done essentially by overwhelming or
distracting attention at the time that stimuli are presented, which means that items cannot be grouped
together. Items then must be extracted from a passively maintained (i.e., “activated”) memory trace at
the time of recall. If the items are familiar to begin with, the expectation is that, at the time of recall,
each item recalled was retrieved from the passive trace into the focus of attention as a single, separate
chunk formed in the focus of attention. The probed letter recall task is one measure of attentional
capacity in Hi-LAB. The objective in this task is to recall the first-, middle-, or final-four letters in a
serially presented, randomized string of 12 different consonant letters. A word cue prompts which part
of the list should be recalled. As in Operation Span, one point is awarded for each item that is recalled
in the correct serial position. Points are summed within sets and divided by the set size to yield the
proportion correct on each set. The mean proportion correct is the final score.
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Rote memory is the conscious process of storing information in LTM, often by repetition. This
ability can be assessed using paired associates tasks, such as the Paired-Associates Pseudoword task in
Hi-LAB. This task requires remembering associations between a familiar lexical item in English and a
novel lexical item, mirroring an aspect of lexical acquisition in language learning domains. This task is
similar to the paired-associates task in the MLAT but tests two types of association: recall and
recognition. The recall task requires test-takers to produce the appropriate English word when
prompted with the corresponding pseudoword. The recognition task requires test-takers to choose the
correct English word from a set of four options when prompted with the corresponding pseudoword.
Thus, each of the twenty word pairs was tested twice with an easier (recognition) and harder (recall)
task.
Hi-LAB also probes perceptual acuity, the ability to detect and encode important cues. Auditory
perceptual acuity is the capacity to attend to and discriminate among speech cues. Human infants
demonstrate the ability to discriminate important sound cues even in languages far removed from the
native language(s) of their environment (Best, 1995; Best & McRoberts, 2003; Best, McRoberts, &
Sithole, 1988). However, before age 1, they attune their perceptual system to attend only to sounds that
carry meaning in their own native language (Werker & Tees, 1984). This attunement, while critical to
first language (L1) acquisition, becomes a disadvantage when a sound difference in a foreign language
is meaningful, but the same phonetic difference is not meaningful in the native language (Cutler,
2001). In this case, the native-language processing system may not even detect a difference. The
ability to overcome the engrained L1 influence through enhanced perceptual acuity would provide an
advantage to the second language (L2) learner in terms of hearing and understanding distinctions as
well as eventually producing them in their own L2 speech. Phonemic discrimination tasks in Hi-LAB,
as shown in Figure 5, test the ability to resist the normal tendency to assimilate new language sounds
into existing L1 categories (Kuhl, Williams, Lacerda, Stevens, & Lindblom, 1992). One example task
utilizes foreign language phonemes which are also contrastive in English (Hindi2 - the contrast here is
the voice onset time between the voiced / ȳ / and an unaspirated /tȒ/ phoneme), and another, perhaps
more difficult, task uses foreign language phonemes that collapse into one category in English (Hindi1
- the contrast here is the VOT of the voiced /b/ versus the voiceless unaspirated /p/. For each level of
distortion from the initial /b/ phoneme, a proportion of responses choosing /b/ is recorded). 9

Figure 5. Phonemic discrimination task.
Speed. This refers simply to above average cognitive processing speed, which may be an
advantage in many aspects of cognition, including language learning. One speed measure in Hi-LAB
was derived from response times in a priming task described in the next section. The overall task is a
primed lexical decision task, in which we collect data on the time (in milliseconds) it takes an
individual to make the decision whether a string of letters forms a word or not. The average reaction
time is considered to be the measure of processing speed. Processing speed, in general, may be
important for language learning because someone who can process information faster may be able to
process more parts of a linguistic signal. For instance, Waters and Caplan (2005) found that processing
9

Note: these tasks are designed for L1 English speakers. The same task design could be used for speakers of other
L1s, but the precise details of the phonemic contrasts would have to reflect the facts of the L1 phonological
system.
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speed differences accounted for differences in paragraph comprehension task performance between
younger and older adults.
Table 2. Hi-LAB Measures
WORKING MEMORY
♦ Short-Term Memory Capacity
Verbal-Acoustic Short-Term Memory
− The Nonword Span Task
− The Digit Span Task
− The Symbol Span Task
− The Letter Span Task
Verbal-Semantic Short-Term Memory
− The Unclustered Conceptual Span
Task
− The Clustered Conceptual Span
Task
− The Category-Cued Recall Task
♦ Executive Capacity and Control
Updating
− The Running Memory Span (Slow)
Task
− The Reading Span Task
− The Listening Span Task
− The Operation Span Task
Inhibition
− The Standard Stroop Task
− The Auditory Stroop Task
− The Movement Stroop Task
− The Number Stroop Task
Task-switching
− The Task-Switching Numbers Task
− The Task-Switching Colors/Shapes
Tasks
Attentional Capacity
− The Probed Letter Recall Task
− The Running Memory Span (Fast)
Task
− Visual Array Comparison
♦ Rote Memory
− The Paired Associates Task
(English-Pseudoword)
− The Paired Associates Task
(English-Foreign word)

ACUITY
Perceptual Acuity
Auditory Perceptual Acuity
− The English Contrastive Phonemes
Discrimination Tasks
− The Foreign-Language Phonemes not
Contrastive in English Discrimination
Tasks
− The Foreign-Language Phonemes also
Contrastive in English Discrimination
Tasks
− The Phonemic Category Assignment
Learning Tasks
− The Speech Perception in Noise (SPINEasy) Test
− The Speech Perception in Noise (SPINHard) Test
PROCESSING SPEED
♦ Discounting
Visual Discounting
− The Visual Discounting Letter Task
♦ Decision Speed
− The Lexical Decision Speed Task
TOLERANCE OF AMBIGUITY
♦ Tolerance of Ambiguity
− The Ambiguity Tolerance Scale
− The MAT-50 Alternative Ambiguity
Tolerance Scale
− The Need for Cognitive Closure ToA
Subscale
PRIMABILTY
♦ Priming
Semantic Priming
− The Primed Lexical Decision Task
− The Speeded Primed Lexical Decision
Task
INDUCTION
♦ Explicit Induction
♦ Implicit Induction
PRAGMATIC DISCOURSE SENSITIVITY
♦ In research and development
FLUENCY
♦ In research and development
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Priming. Tulving and Schacter defined priming as “a nonconscious form of human memory,
which is concerned with perceptual identification of words and objects” (1990, p. 301). Doughty
(2003) argues that implicit processes, like priming, comprise the default mode for high-level foreign
language learning because much of what remains to be learned at advanced levels of language learning
involves complex elements of linguistic systems (which cannot profitably be explained to learners) and
language features which were previously unnoticed because they appeared non-salient. Therefore,
heightened primability could indicate an exceptional aptitude for implicit learning in an adult language
learner, which could put that individual at an advantage for high-level language learning. Priming was
measured in this study using primed lexical decision tasks, normal and speeded (Plaut & Booth, 2000;
Weekes, 1997; Weems & Zaidel, 2005). Lexical decision tasks present a set of letters and ask the
participant to judge whether that set of letters is a word or not, and semantic priming, which involves
presenting a related word before the word to be judged, can facilitate that judgment.
Tolerance of ambiguity is the ability to keep contradictory or incomplete input in memory. This
ability may be important for language learning because input which is meaningless or seems
contradictory at an early point in language learning may become important later on in the learning
process. The tolerance-of-ambiguity tests are qualitatively different from all the other Hi-LAB
measures, since they are self-report rather than behavioral measures 10. Each test includes a series of
statements (such as “There is really no such thing as a problem that can’t be solved.”), to which
examinees must indicate their level of agreement on a 7-point scale from Strongly Disagree to
Strongly Agree. Well known, paper-and-pencil versions of three published tests were programmed for
computer delivery, but were otherwise unchanged (Budner, 1962; Norton, 1975; Webster &
Kruglanski, 1994).
Additional Hi-LAB constructs. Induction, pragmatic sensitivity, and fluency were not yet
instantiated in Hi-LAB at the time of this investigation because more basic research is needed to
determine which tasks to use and how reliable they are, and thus these constructs will not be discussed
here. See Doughty et al. (2007) for further information. For the sake of clarity, Table 2 lists all
hypothesized Hi-LAB constructs and includes all the tasks that were investigated in the present study.

2.3. Design
To assess the stability of Hi-LAB measures, we employed a test-retest design with an interval of
approximately two weeks (M = 17.5 days). Participants were randomly assigned to one of three task
orders (A, B, or C) for the test sessions. To mitigate order effects, tasks were distributed across
sessions such that participants did not have to do two very similar tasks (i.e., from the same construct)
in a row or be confronted with more than one very difficult or long task in a single session.
Furthermore, there were no consecutive memory tasks, and tasks from hierarchical constructs were
distributed across days.
For the retest sessions, the tasks were reordered systematically, yielding nine retest conditions to
which participants were pre-assigned as shown in Table 3.
Table 3. Test and Re-Test Orders
Test Data Set
(Sessions 1–3; n = 163)
A
51
B
57
C
55

10

A
B
C

Re-test Test Data Set
(All Sessions n = 118)
X
Y
14
13
18
13
13
11

We had hoped to find a behavioral measure of this trait, but were unsuccessful.

Z
10
14
13
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2.4. Procedure
Approval for human participants’ research was obtained from the University of Maryland
Institutional Review Board prior to study volunteer recruitment and data collection, and informed
consent was obtained in a standard fashion. Participants were individually administered the Hi-LAB at
a standard testing station in five sessions lasting approximately two to two-and-a-half hours each. At
the outset, the nature of aptitude tests was carefully explained to all participants. In particular, they
were told that the tests are intended to be probing and difficult, unlike other tests which might be easy,
or at least start out that way. In addition, it was explained that, even though they might have a
sensation of difficulty, they could nevertheless be doing very well on the test.
Participants worked individually at the test stations, but an experimenter was available at all times
to answer questions, assist with any software or hardware issues, and to facilitate breaks, which were
provided to prevent eyestrain or fatigue. After the first session, participants completed a brief
demographic questionnaire, and, after each session, were asked for comments. They completed the
entire Hi-LAB over the first three sessions and then returned, after the two-week break to complete
two-thirds of the Hi-LAB measures in two sessions for the test-retest reliability estimation; which twothirds of the measures each participant completed depended on which retest condition they were
assigned to, such that all measures were tested in a subset of participants.
The computer-delivered behavioral tasks collect data in the form of accuracy scores, reaction
times in milliseconds (ms), or both. The scoring of such tasks is somewhat complex. We provide a
brief description of two representative tasks and their scoring procedures here. A detailed description
of all the Hi-LAB tasks and scoring procedures may be found in Doughty et al. (2007). 11
One verbal-acoustic short-term memory task used in Hi-LAB was the Nonword Span task, in
which participants were asked to remember lists of 3–5 pseudowords based on a single visual
presentation. Participants were given five opportunities to remember lists of a particular length. If they
remembered three or more of the lists correctly, they could go on to the next set size. The score
reported here was computed by multiplying the number of correctly recalled sets (0–5) by the set size
(3–9) for each set size attempted, and then summing those products; a participant who recalled four 3item lists and two 4-item lists would have a score of 20. More internally consistent and comparable
scores, however, can be determined by counting the number of items correctly recalled in the correct
serial position in each list regardless of whether the entire list was correctly recalled (Campbell,
Bunting, Doughty, & Unsworth, 2008; Conway et al., 2005).
An example attentional control task is the task-switching numbers task, in which the participants
view the digits 1, 2, 3, 4, 6, 7, 8, or 9 presented within either a gray or a white square in the center of
the computer screen. They are instructed to respond in different ways across three test blocks. In the
first test block, they always see the digits presented within a white square, and must press one button
on a response box 12 if the number displayed is odd and another button if the number displayed is even.
In the second block, the digits are always displayed within a gray square and the task changes to
pressing one button if the number is greater than five or another button if it is less than five. Finally,
the two item types are integrated into one task—known as the mixed condition—and the participant
switches back and forth between the two types of response, following the screen prompts (white or
gray box) according to a set pattern, switching tasks every four trials.
Reaction times and accuracy are recorded for the single-task test blocks, as well as for several
different types of items in the mixed condition. Items that involve the same task as the previous item
(no-switch trials) 13 are compared to those that immediately follow a task-switch (switch trials). The
task-switching score is computed as follows:

11

This report may be obtained at www.casl.umd.edu.
We used the Serial Response Box™ from Psychology Software Tools, Inc and created a custom labeling system
for the buttons.
13
The one-after-switch trials were NOT included as “no-switch trials” because they likely contain carried-over
switch effects.
12
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•
•
•

Change in RT for high/low = mean RT on switch trials – mean RT on no-switch trials
Change in RT for odd/even = mean RT on switch trials – mean RT on no-switch trials
Score = Mean RT switch cost = Mean of the two change-in-RT scores

To illustrate, the mean score for this task-switching measure was about 433ms, reflecting that
participants were on average 433ms slower on trials that involved switching tasks than they were on
trials that did not involve a switch. Reaction times vary with tasks, and complex tasks usually take
longer than simple ones (Sternberg, 1969).
For all Hi-LAB tasks, a number of procedures were followed to prepare the raw data for the factor
and reliability analyses.
•

•
•
•
•
•
•

Participants scoring above 15 on the Need for Cognitive Closure task lie scale, which
indicates they might have been lying, were excluded from all three self-report measures (i.e.,
the tolerance of ambiguity tasks), resulting in the elimination of the self-report data of 7
participants for either the test, retest, or both.
Responses on practice items were filtered out for all tasks.
As is routinely done, for tests with reaction time scores, only accurate responses were retained
in the analysis, since, for inaccurate responses, it is impossible to know the cause of the error.
Very fast and very slow reaction times were handled by eliminating all reaction times below
200ms and replacing all data at more than three standard deviations above the mean with the
value at three standard deviations above the mean.
To reduce the impact of univariate outliers on the distribution, raw scores of outlying cases
were replaced with a value that is one unit larger (or smaller) than the next most extreme
score in the distribution.
Once the outliers were handled, the skewness and kurtosis of the data were examined.
Transformations were performed, if needed, to correct data not normally distributed.

After completing the data screening and scoring computations, the test (n = 163) and re-test (n =
118) data sets were analyzed using SPSS. Data collected to examine the Hi-LAB construct variables
were normally distributed (following Kline, 1998, skewness < 2 and kurtosis < 4) with one exception,
the semantic priming tasks. The semantic priming data were normalized with a log base 10
transformation, and the transformed scores were included in the analyses.
Because one of our principal interests is in the underlying construct of each measure, the data
were then examined using factor analysis. Factor analysis is a statistical technique for discovering
and/or confirming the stable and coherent subset structure of a set of correlated variables (Tabachnick
& Fidell, 2004). Factors, in theory, reflect underlying processes that create the correlations among the
variables but not the esoteric error and task-specific variance that is unique to each measure.
After it was determined that the data were suitable for factor analysis, principal factors extraction
of six to nine factors with promax rotation was performed on scores from 163 participants (missing
individual task scores were replaced with the mean), producing a seven-factor solution. Promax
rotation permits factors to be correlated and produces estimates of the interrelatedness of factors.
We also estimated the internal consistency and test-retest reliability. First, the internal consistency
of each Hi-LAB task was estimated using either Cronbach’s alpha or an odd-even split-half analysis.
Split-half analyses were used for tasks with unequal numbers of trials per participant. This included
reaction time tasks, where scores are based only on the reaction times of accurate responses, making
the number of items per participant unequal. Finally, the test-retest data were compared using
Pearson’s r correlation.

3. Results
The first research question addressed in this study concerned the determination of how the HiLAB constructs are inter-related. Overall, as shown in Table 4, seven Hi-LAB factors were extracted.
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The pattern matrix provided here shows only the variance reflecting the unique relationship between
each factor and scores that contribute to it. According to Comrey and Lee (1992), loadings in excess of
.71 are deemed excellent, .63 very good, .45 fair, and .32 poor. With a cut of .32 for inclusion of a
variable in interpretation of a factor, 34 of 46 variables loaded on at least one factor. Factor
interpretation requires identification of the underlying dimension that unifies the group of variables
loading on it. As will be discussed in more detail in the following sections, the factors in Table 4 are
quite consistent with our a priori hypotheses about the factor structure.
Table 4. Results of Factor Analysis
Factors

Hi-LAB Tasks
Digit Span
Symbol Span
Category Cued
Recall
Letter Span
Nonword Span
Running Span
(Fast)
Running Span
(Slow)
Probed Recall
Concept Span
(Unclustered)
Concept Span
(Clustered)
Listening Span
Auditory Stroop
(Spoken)
MAT-50 Scale
Need for
Closure
Ambiguity
Need for
Closure
Ambiguity
Tolerance Scale
Discounting
Speed Score
Lexical
Decision Speed
II
Task Switching
Colors-Shapes
Lexical
Decision Speed
I
Task Switching
Numbers
Discounting
Task (Noise)
Semantic
Priming

1

2

3

4

5

6

7

Working
Memory
Capacity
0.75
0.69

Tolerance
of
Ambiguity
-0.09
0.05

Speeded
Task
Switching
0.01
0.00

Perceptual
Acuity
(Hard)
0.03
0.02

Perceptual
Acuity
(Easy)
-0.19
-0.16

Rote
Memory
-0.05
-0.10

Speech
in
Noise
-0.19
0.23

0.67
0.66
0.64

0.01
0.00
0.09

0.09
-0.04
-0.01

0.07
-0.03
-0.04

0.01
-0.06
-0.20

0.06
0.09
0.08

-0.04
0.09
0.04

0.63

-0.03

0.16

0.05

-0.27

0.13

0.03

0.60
0.60

0.09
0.08

0.07
-0.04

-0.07
0.00

0.08
0.12

0.02
0.19

-0.09
-0.08

0.52

0.12

0.08

0.19

0.23

0.05

-0.10

0.45
0.40

-0.10
-0.04

-0.10
-0.18

0.25
-0.15

0.12
0.35

0.09
-0.12

-0.01
-0.01

0.13
0.00

0.10
0.83

-0.12
-0.01

0.05
-0.04

-0.03
0.06

-0.08
-0.07

0.01
0.07

0.13

0.77

0.06

-0.06

-0.01

-0.05

-0.01

0.00

0.74

0.03

-0.01

0.00

-0.07

-0.01

0.09

0.50

-0.04

-0.07

0.00

-0.08

-0.13

-0.10

-0.18

0.02

-0.05

-0.08

-0.01

-0.06

0.09

-0.15

0.74

-0.08

0.03

-0.19

0.15

0.08

0.10

0.71

0.07

0.11

0.08

0.01

0.03

-0.14

0.69

-0.11

0.06

-0.22

0.02

-0.01

0.13

0.48

-0.06

0.03

0.11

0.03

-0.03

0.09

0.28

0.00

-0.03

-0.14

-0.01

-0.17

0.01

0.18

-0.04

0.15

0.03

0.06
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Table 4. Results of Factor Analysis (continued)
Factors
1

Hi-LAB Tasks
Auditory Stroop
(Press)
Phonemic
Discrim.
Russian
Category
Assignment
Russian
Phonemic
Discrim. II (TD)
Phonemic
Discrim. Hindi
II
Phonemic
Discrim. Hindi I
Phonemic
Discrim. II
(KG)
Standard Stroop
(Press)
Numbers Stroop
(Press)
Numbers Stroop
(Speak)
Category
Assignment
English
Phonemic
Discrim. I (TD)
Phonemic
Discrim. I (KG)
Reading Span
Operation Span
Standard Stroop
(Speak)
Visual Arrays
Paired Assoc.
Pseudoword
Paired Assoc.
Foreign Word
Speech in Noise
(Easy)
Speech in Noise
(Hard)
Automatic
Semantic
Priming
Phonemic
Discrim. II (PB)
% of Variance

Working
Memory
Capacity

2

3

Tolerance
of
Ambiguity

Speeded
Task
Switching

4
Perceptual
Acuity
(Hard)

5
Perceptual
Acuity
(Easy)

6
Rote
Memory

7
Speech
in
Noise

0.09

-0.03

0.13

-0.08

0.11

-0.10

0.03

0.19

-0.08

0.06

0.65

-0.05

-0.07

0.00

0.21

-0.05

-0.11

0.52

-0.03

-0.17

-0.08

-0.18

-0.02

-0.15

0.45

0.11

-0.08

0.08

-0.08

0.01

0.13

0.42

0.24

-0.05

0.10

0.12

0.00

0.00

0.42

0.13

-0.05

0.13

0.12

0.03

0.05

0.35

0.18

0.04

0.25

-0.01

0.07

0.14

-0.34

0.27

0.17

-0.01

0.17

-0.10

0.23

-0.26

0.07

-0.12

-0.13

-0.18

-0.04

-0.13

0.19

-0.03

-0.04

0.04

-0.20

0.08

0.07

0.03

0.66

0.05

0.07

-0.12

0.02

0.14

0.37

0.64

0.03

-0.20

-0.12
0.30
0.22

-0.06
-0.03
-0.05

0.08
-0.15
-0.25

0.06
-0.15
-0.07

0.59
0.37
0.32

0.25
-0.10
-0.21

-0.10
0.04
0.17

0.01
0.11

0.02
-0.08

0.02
-0.04

-0.01
0.00

0.25
0.16

0.05
-0.02

-0.11
0.10

0.11

-0.10

-0.02

-0.17

0.13

0.84

0.02

0.18

-0.10

-0.09

-0.12

0.16

0.81

0.06

0.00

-0.01

-0.03

0.07

-0.15

0.12

0.74

-0.06

0.01

0.18

0.06

-0.04

0.08

0.68

0.00

0.02

-0.02

-0.02

0.06

0.08

-0.25

0.02
13.37

0.06
5.12

0.01
4.88

-0.08
3.85

-0.02
3.34

0.02
2.56

-0.11
2.94
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The seven factor solution was rotated with an oblique (promax) rotation, which permits correlated
factors, because we hypothesize that factors can be correlated. The factor correlation matrix is listed in
Table 5. Only three factor pairs have correlations in excess of .30: Working Memory Capacity and
Speeded Task Switching (-.36), Working Memory Capacity and Perceptual Acuity Easy (.50), and
Speeded Task Switching and Perceptual Acuity Easy (-.32).
Table 5. Factor Correlation Matrix
Factors

1.

2.
3.

4.

5.

6.
7.

Hi-LAB
Factors
Working
Memory
Capacity
Tolerance of
Ambiguity
Speeded
Task
Switching
Perceptual
Acuity
(Hard)
Perceptual
Acuity
(Easy)
Rote
Memory
Speech in
Noise

1

2

3

4

5

6

7

W. M.

T. O. A.

S. T. S.

P. A. (H.)

P. A. (E.)

R. M.

SPIN

1.00

-0.19

-0.36

0.16

0.48

-0.01

0.24

-0.19

1.00

0.02

-0.04

-0.20

0.07

0.01

-0.36

0.02

1.00

-0.14

-0.31

0.02

-0.26

0.16

-0.04

-0.14

1.00

0.22

0.27

0.20

0.48

-0.20

-0.31

0.22

1.00

0.02

0.37

-0.01

0.07

0.02

0.27

0.02

1.00

0.12

0.24

0.01

-0.26

0.20

0.37

0.12

1.00

As depicted in the pattern matrix (Table 4), eleven memory measures loaded on Factor 1. The
unifying dimension of this factor thus seems to be short-term memory capacity. Classic short-term
memory measures such as digit span, letter span, and nonword span had high loadings on this factor.
We hypothesized that measures of verbal-acoustic short-term memory (such as non-word span, digit
span, symbol span, and letter span) and verbal-semantic short-term memory (such as unclustered
conceptual span, clustered conceptual span, and category-cued recall) would load on separate factors,
but all measures of verbal short-term memory loaded on Factor 1.
We had also hypothesized that attentional capacity would be an identifiable dimension of working
memory, so we included three measures of attentional capacity: the probed letter recall task, the fast
running memory span task, and the visual array task. Probed recall and fast running span are
significantly correlated and loaded on Factor 1 in Table 4. Contrary to our hypothesis about attentional
control however, these measures loaded on the same factor as the other memory measures.
Four measures of the updating executive function were hypothesized: the listening-symbol span
task, the operation-letter span task, the reading-digit span task, and the slow running memory span
task. All of the tasks are significantly correlated with one another. However, operation span, listening
span, and reading span appear to be more highly correlated with one another than they are with the
slow running memory span task. These tasks, which are commonly referred to as complex span tasks,
did not solely load on Factor 1, and are instead correlated with multiple factors, including Factor 1
(working memory), Factor 3 (task switching), and Factor 5 (easy perceptual acuity/phonemic
discrimination). Thus, variance due to the ECC component of working memory is spread across
multiple factors. This is completely consistent with our a priori hypotheses about ECC and with the
literature on WM and ECC.
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As expected, the four scores derived from all three of the already well-established measures of
tolerance of ambiguity loaded on Factor 2 in the pattern matrix in Table 4.
There were two hypothesized measures of task-switching, one with numbers and letters and one
with colors and shapes. The measures are significantly correlated and loaded on Factor 3 in the pattern
matrix in Table 4.
Surprisingly, both of the lexical decision speed measures (I and II) also loaded on Factor 3 in
Table 4. This indicates that the task switching and lexical decision tasks have a shared dimension. One
possibility is lexical decision combined with semantic priming requires a speeded decision not unlike
the decision required in the more classic task-switching tasks.
Five of the twelve perceptual acuity variables loaded on Factor 4, including Cat Russian, PD
Russian, TDPost, Hindi 1, Hindi 2, and KGPost. Collectively, these are the more difficult phonemic
discrimination tasks. Curiously, the Standard Stroop task shared a small amount of unique variance
with this factor.
Some of the easier phonemic discrimination tasks loaded on Factor 5. These variables included
Cat English, TDPre, and KGPre. Listening span, operation span, and reading span also loaded on this
factor at or above .32, which suggests that this factor has an attentional component. That is, accurate
phonemic discrimination of English contrasting phonemes may, in part, require concentrated attention.
Contrary to our hypotheses, the speech-in-noise tasks do not appear to share much variance with
the other perceptual acuity tasks. These tasks were highly correlated and loaded together but alone on
Factor 7 in Table 4. As shown in Table 3, factor 7 is not highly correlated with either factor 4 or 5.
As expected, the measures of rote memory loaded on a single factor in the pattern matrix in Table
4. In the factor correlation matrix in Table 3, this factor is only weakly correlated with Factor 1, the
other memory factor, showing the dissociation between rote memory and working memory tasks.
As was mentioned previously, 12 of the 46 measures failed to load at or above .32 on any factor.
The measures were primarily from two hypothesized constructs that we failed to observe empirically
in the factor analysis, inhibition and semantic priming. Because the Stroop tasks used to measure
inhibition were not correlated with each other, they did not load on a single factor. Because the
semantic priming measures did not load together, and because of other findings discussed later, they
were not retained for future research.
When we compare the seven factors extracted in Table 4 to the hypothesized Hi-LAB constructs,
we find that they match up quite well (see Table 6 below). Short-term memory capacity and executive
capacity and control are components of working memory and loaded together in the factor analysis.
Several perceptual acuity factors emerged, and this is because we included easy phonemic
discrimination (not an aptitude factor) to compare with our hypothesized aptitude factor of hard
phonemic discrimination. With regard to processing speed, we discovered through our study that the
discounting speed measure is not really a speed measure, but is probably a measure of inhibition or
some other aspect of executive control. Furthermore, it seems that task-switching may be a processing
speed measure, or at least involve some element of speed. Apart from these observations, the seven
factors that emerged are in line with our expectations.
Table 6. Review of Results
Hypothesized Constructs
♦
♦
♦
♦
♦
♦
♦
♦
♦
♦

STM Capacity
Executive Capacity & Control
Rote Memory
Perceptual Acuity
Processing Speed
Tolerance of Ambiguity
Priming
Induction
TBD - Pragmatics
TBD - Fluency

o
o
o
o
o
o
o

Empirical Factors
Working Memory Capacity
Speeded Task Switching
Rote Memory
Perceptual Acuity (Easy)
Perceptual Acuity (Hard)
Speech in Noise
Tolerance of Ambiguity
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The second research question of this study concerned establishing the reliability of Hi-LAB
measures. Table 7 presents the findings for both the internal consistency analysis and the test-retest
correlation that assesses stability. Reliability coefficients must be interpreted. In making these
determinations, we first set cut-off points for the alpha and split-half correlation values, following the
general practice that, for research and development purposes, internal consistency estimates of .70 are
considered acceptable (Nunnally & Bernstein, 1994). For difference scores, a formula for difference
score reliability that takes into account subscore correlations was used, and for measures with multiple
scoring elements which were not difference scores, the mean consistency estimate is shown to provide
an idea of where the estimates generally lie (Crocker & Algina, 1986). We calculated internal
consistency twice, once for the participants with complete test data sets, and separately for participants
with complete test and retest data sets (listed in parentheses in Table 7 if the complete set reliability
was above the cutoff point).
For the present research purposes, we decided to set a cut-off point for the test-retest reliability
Pearson’s r at .50. This is deemed a large correlation by Cohen (1988), whose recommendations
pertain to interpretations made for psychological research, whereas this is within the moderate range
for Franzblau (1958). We note that the standardized language tests referred to at the Pearson
Assessment Group website have published test-retest reliabilities ranged from .65–1.00
(http://www.speechandlanguage.com/cafe/2.asp). Ultimately, we will aim for Hi-LAB to be in that
range.
The results of the analyses of the Hi-LAB reliability data indicate that the internal consistency of
the tasks was generally good for the memory tasks. Alphas met or exceeded the research cut-off point
for:
•
•
•
•
•
•
•
•
•
•

3 of 4 verbal acoustic STM tasks
2 of 3 verbal semantic STM tasks
All 4 updating tasks
1 of 2 types of task-switching
1 of 3 attentional capacity tasks
Both LTM tasks
6 of 14 auditory perceptual acuity tasks
All 3 processing speed tasks
1 or 3 tolerance of ambiguity tasks
Both semantic priming tasks

The Hi-LAB test-retest reliability was also good for the most part, with only eight of the 25
memory tasks failing to meet or exceed the cutoff of .50, as shown below in Table 7.
The findings for the auditory perceptual acuity tasks are more mixed. As can be seen in Table 7
only two tasks – a category assignment learning task and one of the English phonemic discrimination
tasks—are both internally consistent and stable, and one further English phonemic discrimination tasks
is internally consistent. The rest of the phonemic discrimination tasks that were supposed to be easy
for everyone (English contrasts) were unreliable, leading us to suspect some task irrelevant error. We
used a novel paradigm for the discrimination tasks (AX–BX), where the goal was to say which of the
two pairs contained sounds more similar within the pair. Because this paradigm was experimental and
did not function well, we plan to return to a more standard same-different paradigm for future tests of
phonemic discrimination. Upon investigation, we also noted some small, but apparently significant
sound-file editing errors (e.g., one sound file with an alternate coda and another with an audible click).
The sound files have since been re-edited to eliminate clicks and other noticeable, task-irrelevant
sound-file differences, but these errors may have contributed to the unreliability of the tasks at the
time.
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Table 7. Results of Reliability Tests
Internally Consistent?

Stable?

α ≥ .70

r ≥ .50

The Nonword Span Task

.60a

.72

The Digit Span Task

.70

.60

The Symbol Span Task

.75

Working Memory
Short-Term Memory Capacity
Verbal-Acoustic Short-Term Memory

The Letter Span Task

.53
b

.69 (.71 )

.62

The Unclustered Conceptual Span Task

.78

.59

The Clustered Conceptual Span Task

.87

.69

The Category-Cued Recall Task

.49

.52

The Running Memory Span (Slow) Task

.65 (.68b)

.42

The Reading Span Task

.88

.60

The Listening Span Task

.89

.71

The Operation Span Task

.93

.69

The Standard Stroop Task (press)

.30ad

.55c

The Standard Stroop Task (speak)

.24ad

.53c

The Auditory Stroop Task press)

.32ad

.44c

The Auditory Stroop Task (speak)

.00ad

.35c

The Movement Stroop Task (press)

.34 ad

.25c

The Number Stroop Task (press)

.37ad

.34c

The Number Stroop Task (speak)

.18ad

.42c

The Task-Switching Numbers Task (OE, HL)

.78ad, .71ad

.75c

The Task-Switching Color/Shape Task (Cl., Sh.)

.53ad, .37ad

.47c

The Probed Letter Recall Task

.79

.56

The Running Memory Span (Fast) Task

.54

.55

Visual Array Comparison

.59

.28

The Paired Associates Task (Eng –Pseudo)

.80c

.70c

The Paired Associates Task (Eng – Foreign)

.90

.73

Verbal-Semantic Short-Term Memory

Executive Capacity and Control
Updating

Inhibition

Task-Switching

Attentional Capacity

Rote Memory
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Table 7. Results of Reliability Tests (continued)
Internally Consistent?

Stable?

α ≥ .70

r ≥ .50

KG – Post

.78d

.53c

KG – Pre

.81d

.44c

PB – Post

.00d

.46c

PB – Pre

.36d

.19c

TD – Post

.40d

.23c

TD – Pre

.65d

.33c

Hindi

.58d

.21c

Russian

.65d

.43c

.52d

.32c

Cat KG

.84

.58

Cat Russian

.76

.47

Hi-LAB Measures
Perceptual Acuity
Auditory Perceptual Acuity
English Contrastive Phonemes Discrim Tasks

FL Phonemes not Contrastive in Eng Discrim Tasks

FL Phonemes Contrastive in Eng Discrim Task
Hindi 2
The Phonemic Category Assignment Learning Task

The Speech Perception in Noise (SPIN) Test - All

.73

.46
b

The Speech Perception in Noise (SPIN) Test - Easy

.64 (.67 )

The Speech Perception in Noise (SPIN) Test - Hard

.57

(.49)

The Visual Discounting Letter Task

.73 a

.36c

The Lexical Decision Speed Task I

.96 a

.64

a

.78

.29

Processing Speed

The Lexical Decision Speed Task II

.98

Tolerance of Ambiguity
The Ambiguity Tolerance Scale

.56

.69

The MAT-50 Alt Ambiguity Tolerance Scale

.88

.89

The Need for Cognitive Closure ToA Subscale

.60

.76

Primability
Semantic Priming
The Primed Lexical Decision Task
The Speeded Primed Lexical Decision Task

.88ac

.24

ac

.25

.91

a

Internal consistency estimated using split-half (odd-even) correlations
Internal consistency estimate using only participants who completed all test-retest sessions
c
Average reliability estimate across subscores within the measure
d
Reliability of a difference score
b

Tasks for the remaining constructs are more reliable. All three of the speed tasks are internally
consistent, with two of them also being stable over time. One tolerance-of-ambiguity scale is internally
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consistent, and all three are stable. If these tasks were to be used independently, it would be preferable
that each aptitude measure be both internally consistent and stable over the test and retest
administrations. Of the 43 tasks examined in this study, 8 were easy perceptual acuity tasks that were
included for the sake of comparison with the 35 more difficult hypothesized aptitude tasks. Of the 35
aptitude tasks, 12 are both internally consistent and stable according to our standards. Nine tasks are
neither consistent nor stable. It is important to note at this point that we, in fact, do not ultimately
intend to use Hi-LAB measures separately, but in a composite battery. For future iterations of this test,
tasks which were neither consistent nor stable will be revised or eliminated.

4. Discussion
Taking together the results of the factor analysis and the reliability estimation, we may make a few
observations concerning the current state of development of Hi-LAB. The findings of the investigation
of the components of the human memory system—working memory and long term memory—are quite
promising for our goal of heeding Carroll’s suggestion to update the measurement of aptitude in light
of scientific advances in the understanding of memory capacity and attentional processes. Regarding
the other addition recommended by Carroll (1990)—including a measure of induction or implicit
learning—we have taken a first step by including tasks that measure primability. In addition to
including new priming tasks, our current work expands this investigation to include other measures of
induction and to examine both explicit and implicit induction.
We have also proposed our own additions to the measurement of aptitude, since the goal of HiLAB is to predict the attainment of near-native ability, whereas Carroll was discussing aptitude for
early stages of SLA. First, we included a large number of perceptual acuity measures (all auditory
tasks). The findings were more mixed than was the case for the set of memory tasks, and we attribute
this mostly to instrumentation difficulties. We also included three processing speed measures, two of
which loaded on the same factor, and one of which did not. Upon further inspection of the visual letter
discounting task, we suspect that this is a measure of attentional control rather than speed, and this will
require further investigation. Finally, we included three tolerance-of-ambiguity measures, which were
correlated, and all loaded on the same factor, but data from some participants had to be dropped owing
to their performance on the lie scale, reflecting the less than complete trustworthiness of self-report
data. Because of this unreliability and because we intend to maintain Hi-LAB as a purely cognitive
battery, we have decided to drop the tolerance of ambiguity construct from Hi-LAB until a behavioral
measure can be found or developed.
Despite the few unexpected findings, the results of this investigation of the factor structure of HiLAB constructs and the reliability of their measures indicate that we have successfully built a number
of possible aptitude tasks for a new battery that measures the potential for attaining near-native ability.
More work is needed, and so a second reliability study is underway to accomplish task revisions and
additions deemed necessary by the findings of the present study. We are also developing a composite
Hi-LAB score, which should improve the reliability of the measurement of high-level aptitude and
allow us to attain the levels of reliability required for operational tests. After this, we will undertake
two studies that demonstrate the validity of Hi-LAB, a group discrimination study and a longitudinal
predictive study.
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