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Abstract
Background—Clinical trials of medications to alleviate the cognitive and behavioural symptoms
of individuals with fragile X syndrome (FXS) are now underway. However, there are few reliable,
valid and/or sensitive outcome measures available that can be directly administered to individuals
with FXS. The majority of assessments employed in clinical trials may be suboptimal for
individuals with intellectual disability (ID) because they require face-to-face interaction with an
examiner, taxing administration periods, and do not provide reinforcement and/or feedback during
the test. We therefore examined the psychometric properties of a new computerised ‘learning
platform’ approach to outcome measurement in FXS.

Method—A brief computerised test, incorporated into the Discrete Trial Trainer© – a
commercially available software program designed for children with ID – was administered to 13
girls with FXS, 12 boys with FXS and 15 matched ID controls aged 10 to 23 years (mental age = 4
to 12 years). The software delivered automated contingent access to reinforcement, feedback,
token delivery and prompting procedures (if necessary) on each trial to facilitate responding. The
primary outcome measure was the participant’s learning rate, derived from the participant’s
cumulative record of correct responses.

Results—All participants were able to complete the test and floor effects appeared to be
minimal. Learning rates averaged approximately five correct responses per minute, ranging from
one to eight correct responses per minute in each group. Test–retest reliability of the learning rates
was 0.77 for girls with FXS, 0.90 for boys with FXS and 0.90 for matched ID controls. Concurrent
validity with raw scores obtained on the Arithmetic subtest of the Wechsler Intelligence Scale for
Children-III was 0.35 for girls with FXS, 0.80 for boys with FXS and 0.56 for matched ID
controls. The learning rates were also highly sensitive to change, with effect sizes of 1.21, 0.89
and 1.47 in each group respectively following 15 to 20, 15-min sessions of intensive discrete trial
training conducted over 1.5 days.

Conclusions—These results suggest that a learning platform approach to outcome measurement
could provide investigators with a reliable, valid and highly sensitive measure to evaluate
treatment efficacy, not only for individuals with FXS but also for individuals with other ID.
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Introduction
Individuals diagnosed with fragile X syndrome (FXS), the most common known form of
inherited intellectual disability (ID), exhibit a range of cognitive, behavioural and medical
symptoms that can significantly interfere with educational progress and daily functioning
(Reiss & Hall 2007; Reiss 2009). These symptoms include mild to severe ID (Skinner et al.
2005), social anxiety (Hall et al. 2009), hyperactivity (Sullivan et al. 2006), inattention
(Cornish et al. 2004), autistic-like behaviours (Hall et al. 2010) and increased risk of
seizures (Berry-Kravis et al. 2010). Over the past decade, a number of clinical trials have
been conducted in an attempt to ameliorate these symptoms, and further clinical trials are
planned or are now underway (Berry-Kravis et al. 2011).

Medications evaluated to date in individuals with FXS include the ampakine compound
CX516 (Berry-Kravis et al. 2006), lithium (Berry-Kravis et al. 2008a), the mGluR5
inhibitors, fenobam (Berry-Kravis et al. 2009) and AFQ056 (Jacquemont et al. 2011),
minocycline (Paribello et al. 2010; Utari et al. 2010), acamprosate (Erickson et al. 2010),
riluzole (Erickson et al. 2011c), the acetlycholinesterase inhibitor, donepezil (Kesler et al.
2009), aripiprazole (Erickson et al. 2011a, 2011b), memantine (Erickson et al. 2009) and
oxytocin (Hall et al. 2012). These medication trials could be considered to be ‘disease-
specific’ in that they are intended specifically to target the potential downstream systems
involved in the pathogenesis of FXS (Reiss 2009).

Fragile X syndrome is a genetic disorder caused by mutations to a single gene (FMR1)
located on the long arm of the X chromosome (Verkerk et al. 1991). Expansions of the
trinucleotide CGG-repeat sequence in the promoter region of the gene causes the gene to
become hypermethylated, resulting in reduced or absent levels of its protein product, FMRP
– a key protein involved in synaptic plasticity and dendritic maturation in the brain
(Greenough et al. 2001). Recent studies have shown that FMRP may be involved in
regulating translation and/or signalling pathways associated with a number of key brain
systems such as those involving glutamate (Antar et al. 2004), acetylcholine (Chang et al.
2008), dopamine (Wang et al. 2008) and gamma-aminobutyric acid (Olmos-Serrano et al.
2010). Thus, manipulation of these systems to ‘correct’ for downstream effects associated
with reduced FMRP may help to improve learning and memory in FXS.

Despite increased knowledge concerning these potential downstream targets, only small
improvements in cognitive and behavioural functioning have actually been observed in the
many clinical trials conducted to date (see Hall 2009). Indeed, given that individuals with
FXS exhibit a broad range of cognitive and behavioural symptoms, the evaluation of clinical
change using existing standardised measures of cognitive and behavioural functioning
would appear to be particularly challenging in this population. Until a sensitive, valid and
reliable outcome measure is available for use in clinical trials for individuals with FXS, it is
unclear whether the small effect sizes obtained in studies conducted to date are due to the
poor efficacy of the medications themselves, or to the poor psychometric properties and
clinical utility of the outcome measures employed in the studies.

For example, Berry-Kravis and colleagues (Berry- Kravis et al. 2006) administered a large
battery of standardised cognitive tests to 49 participants with FXS, aged 18 to 49 years, in an
attempt to measure treatment response to the ampakine, CX516. Measures administered
directly to each participant included subtests of the Test of Visual-Perceptual Skills (TVPS)
(Gardner 1996), the Woodcock- Johnson Tests of Cognitive Ability-Revised (W-J R)
(Woodcock & Johnson 1990), the Repeatable Battery for the Assessment of
Neuropsychological Status (RBANS) (Randolph 1998), the Integrated Visual & Auditory
Continuous Performance Test (IVA) (Sandford & Turner 1995), the Peabody Picture
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Vocabulary Test-III (PPVT-III) (Dunn & Dunn 1997), the Preschool Language Scale-4
(PLS-4) (Zimmermann et al. 2002), the Clinical Evaluation of Language Fundamentals-3
(CELF-3) (Semel et al. 1995) and the Autism Diagnostic Observation Schedule (ADOS)
(Lord et al. 1999). Unfortunately, measurement issues associated with these tests seriously
compromised the ability of the investigators to appraise the efficacy of the treatment. For
example, very few patients could complete the entire test battery, with some tests exhibiting
poor reliability (e.g. the ADOS and TVPS) and others (e.g. the CELF-3 and RBANS
subtests) being unable to be completed by low functioning individuals. While the IVA test
was found to be one of the few measures that could be completed by all participants, the
authors stated that ‘The IVA was later found to be too difficult or confusing for some
patients and the data quality could not be assured’ (p. 529). Floor effects were also apparent
for many of the assessment instruments and, in some cases, different versions of the
language assessments were required to be administered simply to cover the wide mental age
range of the study participants.

These issues highlight some of the many difficulties associated with administering
standardised cognitive and behavioural tests to individuals with ID. First, the time required
to administer standardised test batteries can be significant, thus decreasing the motivation
for an individual with ID to complete the test (Koegel et al. 1997). Second, most
standardised tests involve direct face-to-face interaction with a trained examiner, thus
potentially increasing social anxiety that may have detrimental effects on performance (Hall
et al. 2006). Third, the normative samples used to derive standardised indices on many
standardised tests do not include large numbers of individuals with ID – thus, individuals
with ID may often obtain scores that are on the floor of the test (Hessl et al. 2009). Fourth,
and perhaps most significantly, standardised tests are usually administered to subjects under
conditions in which reinforcement and/or feedback is not available to the subject. These
factors are crucial to promote and maintain successful responding in individuals with ID
(Lovaas 2003).

To examine the completion rates and psychometric properties of measures commonly
employed to assess individuals with FXS, Berry-Kravis and colleagues (Berry-Kravis et al.,
2008b) administered a large battery of tests to 31 participants with FXS, aged 5 to 47 years
(mental age range = 2.1 to 10.7 years). The tests included the Carolina Fragile X Project
Continuous Performance Test (CPT) (Sullivan et al. 2007), the Card Task (Johnson-
Glenberg 2008), the NEPSY tower subtest (Korkman et al. 1998), the Spatial Relations
subtest from the W-J R (Woodcock and Johnson, 1990), the Symbol Search subtest from the
Wechsler Intelligence Scale for Children-IV (WISC-IV) (Wechsler 2003), the List and Story
Memory subtests from the RBANS (Randolph 1998) and the Non-Verbal Associative
Learning Task (NVALT) (Boutet et al. 2005). Results showed that none of the tests could be
completed by all individuals in the study, with the Symbol Search subtest from the WISC
having the lowest completion rate (52% of participants) while the NVALT had the highest
completion rate (97%). Refusal rates were also the highest for the Symbol Search test (30%
of participants) and lowest for the NVALT (11%). Interestingly, the NVALT was the only
test in the assessment battery that actually provided reinforcement to the subject during test
trials. That is, during the NVALT, subjects received a nickel after they made a correct
response. Indeed, Berry-Kravis et al. (2008b) stated that the NVALT ‘is particularly
engaging for subjects with FXS because of the frequent reinforcement the subject receives
when he/she gets to keep the nickels found, and because the test produces less anxiety than
most tests as the subject does not have to make eye contact or engage socially’ (p. 1753).
However, the test–retest reliability of this outcome measure was not reported.

Although not designed as outcome measures for clinical trials, several studies have
employed computerised paradigms to measure aspects of behaviour in very young (and not
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very able) participants with FXS. For example, Scerif and colleagues (Scerif et al., 2005)
measured oculomotor control in young boys with FXS aged 14 to 55 months of age by
presenting visual stimuli on a computer screen and using reinforcement (in the form of an
animated cartoon animal) to maintain accurate looking. In two other studies, Scerif and
colleagues (Scerif et al., 2004, Scerif et al. 2007) measured visual search and attentional
control in young boys with FXS (2 to 5 year olds) by limiting verbal instructions, providing
demonstrations of the procedures, and avoiding face-to-face contact. Finally, Farzin and
colleagues (Farzin et al. 2008; Farzin & Rivera 2010) measured dynamic object processing
in boys and girls with FXS aged 14 to 45 months using an eye tracking system. These
findings suggest that contingent reinforcement, sensitivity to the difficulties experienced by
participants with FXS, and computerised presentation may be highly successful procedures
to use with younger and less able individuals with FXS. Further, it seems plausible that any
test that increases a student’s motivation to respond, provides frequent reinforcement for
correct responding, and does not involve the presentation of social demands during the test,
may provide a sensitive, valid and reliable outcome measure for individuals with FXS (and
perhaps, individuals with other ID).

Discrete trial training (DTT), a procedure commonly employed to promote skill acquisition
in children with autism (Smith 2001), may be one such approach. Based on the principles of
applied behavior analysis (ABA), DTT involves successively presenting learning trials to a
participant in a consistent and highly structured manner combined with ample reinforcement
and feedback. Briefly, in a match-to-sample format, DTT may involve the presentation of a
sample stimulus, followed by the presentation of two or more comparison stimuli, one of
which is the correct matching stimulus. If the student selects the correct comparison
stimulus, reinforcement is delivered (e.g. verbal praise, tokens, edibles and/or coins); if the
student selects an incorrect comparison stimulus, the student receives feedback that the
response was incorrect. Finally, if the student produces a series of incorrect responses to the
same sample stimulus, a prompting procedure (e.g. moving the incorrect comparison stimuli
further away from the student) to increase the salience of the correct comparison stimulus
can be implemented. DTT is thus a simple, yet well-researched and established teaching
technique that includes many of the features that may be necessary to maintain responding
in individuals with ID during test situations. To our knowledge, however, DTT has not been
adapted for use as an outcome measure for individuals with ID. Because DTT can now be
presented on a computer in an automated fashion (Butter & Mulick 2001), computerised
DTT may be particularly appealing for evaluating clinical change in FXS, simply because
social test anxiety may be minimised.

The purpose of the present study, therefore, was to examine the feasibility of using
computerised DTT as an assessment tool to evaluate clinical change in individuals with
FXS. Our primary dependent measure of performance was the subject’s learning rate,
derived from each participant’s cumulative record of correct responding during the session.
Cumulative records have been employed in the experimental analysis of behaviour for well
over 60 years (Lattal 2004) to measure behaviours in non-human subjects (Ferster & Skinner
1957) as well as human subjects (Rodgers & Iwata 1991). The slope of the cumulative
record, equivalent to the subject’s overall rate of responding, has been shown to be superior
to other dependent measures of behaviour such as probability, running rate and response
latency (Killeen & Hall 2001). We examined the psychometric properties of the learning
rate measure by evaluating its test–retest reliability, concurrent validity and sensitivity to
change. Finally, to determine whether this new learning platform approach may be useful for
individuals with ID in general, we also included a control group of individuals with an
unknown form of ID and compared the resultant learning rates.
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Method
Participants and setting

Participants were 13 girls with FXS, 12 boys with FXS and 15 matched ID controls (3
females, 12 males). Participants with FXS were recruited via an email sent out to members
of the National Fragile X Foundation, or from an ongoing longitudinal study of children and
adolescents with FXS. [Note that five girls, six boys and 11 matched ID controls
participated in a concurrent investigation (Hammond et al. 2012)]. All had a confirmed
genetic diagnosis of FXS (i.e. more than 200 CGG repeats on the FMR1 gene and evidence
of aberrant methylation). Two boys with FXS were mosaic. Participants with ID were
recruited via local agencies serving individuals with special needs – all tested negative for
FXS and none had a diagnosis of a genetic disorder. Participants were included in the study
if they were aged between 10 and 23 years, obtained standardised IQs on the Wechsler
Abbreviated Scale of Intelligence (WASI) (Wechsler 1999) between 50 and 90 points (note
that 50 is the floor of the test), could sit in front of a computer for more than 5 min, and
could use a computer mouse without assistance. Individual participant characteristics are
listed in Table 1. The mean age (in years) of the participants was 14.4 (SD = 3.6) for girls
with FXS, 17.4 (SD = 4.8) for boys with FXS and 16.1 (SD = 4.4) for matched ID controls,
a non- significant difference between the groups (F2,39 = 1.60, P = 0.22). The mean mental
age (in years) of the participants (estimated by converting raw scores obtained on the WASI
subtests into age equivalent scores, and computing the average) was 8.3 (SD = 1.8) for girls
with FXS, 7.3 (SD = 1.8) for boys with FXS and 7.1 (SD = 2.4) for matched ID controls, a
non-significant difference between the groups (F2,39 = 1.37, P = 0.27). The groups were
therefore well matched in terms of age and mental age. As expected, mean IQs were
significantly higher for girls with FXS (mean = 72.8, SD = 8.3) than for boys with FXS
(mean = 62.3, SD = 8.7) [t(23) = 3.06, P = 0.006, d = 1.24]. Five (38.5%) girls with FXS,
four (33.3%) boys with FXS and five (33.3%) matched ID controls obtained scores in the
autism spectrum disorder (ASD) range on the Social Communication Questionnaire (i.e. 15
points or above). There were no differences between individuals who scored in the ASD
range and those who did not score in the ASD range in each group in terms of age, IQ or
mental age. Six (46.2%) girls with FXS, eight (66.7%) boys with FXS and five (33.3%)
matched ID controls were taking psychoactive medications. There were no differences
between individuals who were taking psychoactive medications and those not taking
psychoactive medications in each group.

Sessions were conducted in one of two rooms located within the Department of Psychiatry
and Behavioral Sciences at Stanford University. Session rooms contained a table or desk,
chairs, a laptop computer and a computer mouse. All procedures were approved by the
institutional review board at Stanford University; parental consent and subject assent were
obtained in all cases.

Procedures
All participants received a single 15-min test session using the Discrete Trial Trainer©
(Accelerations Educational Software, 2007) – a commercially available software program
that was specifically designed for use with children with ID. The software contains over 200
DTT programs that are incorporated into over 10 key learning domains, including
classification, counting, identification, math, money, sequencing, spatial relations, time,
word analysis, written words and ‘wh—’ questions (who, what, when, etc.). For the purpose
of the present study, we selected two relatively advanced programs from the math domain in
the Discrete Trial Trainer© – ‘fractions to pie charts’ and ‘pie charts to decimals’. We
selected these stimuli to ensure that participants would be relatively unfamiliar with the
stimuli at baseline, and because children with FXS are reported to have difficulties
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mastering mathematical concepts (Murphy & Mazzocco 2008). Each program contained six
pairs of matching stimuli (Fig. 1). In the fractions to pie charts program, fractions were
always the sample stimuli, and pie charts were the comparison stimuli. In the pie charts to
decimals program, pie charts were always the sample stimuli and decimals were the
comparison stimuli. Stimuli were randomised across participants so that three sets of stimuli
from each program were presented to the subject during the test. (The remaining three sets
of stimuli from each program were employed during a test–retest reliability session
conducted on the following day – see below.)

Each participant received the following verbal instructions before a session began: ‘Today
you are going to work on some math tasks on the computer. First, you will see a fraction or a
pie chart appear at the top of the computer screen. You will also hear a question spoken in a
female voice. Three boxes then will appear below the top box, one of which will be the
correct answer to the question. Your job will be to select the box that best matches the top
box using the computer mouse. Another math problem then will appear, and so on. You will
also see four green circular tokens displayed at the bottom right corner of the screen. If you
choose the correct answer you will receive another token; if you choose the incorrect
answer, a token will be removed. Once you have five tokens, you will be allowed to play on
a computer game for a short time. You will have about 10 seconds to answer each question,
so you should have plenty of time. Please try to do the best you can. And if you’re not sure
of an answer, it’s okay to guess. Any questions?’ For individuals who did not appear to
understand the instructions, the procedures were demonstrated on the computer using non-
test items.

The default options in the Discrete Trial Trainer© were selected for each session and the
two programs as well as the computer games ‘Whack an alien’, ‘Whack a spider’, ‘Super-
pong’ and ‘Blinky’ (available within the Discrete Trial Trainer©) were selected for
presentation. Stimuli were programmed to be presented in the ‘Random mode’ at the
beginning of each session. Each trial was scheduled to last 10 s. At the beginning of a trial,
the computer selected one of the programs at random, and then randomly selected a sample
stimulus from the set of three available items within that program (e.g. ¼). A pre-
programmed female vocal prompt then said ‘Match the correct fraction’. After 2 s, three
comparison stimuli (one being the correct matching stimulus, the other two being ‘distracter’
stimuli selected from the remaining comparison stimuli in the program) then were presented
equidistant underneath the sample stimulus for 8 s. Correct responses to a trial resulted in
the delivery of reinforcement i.e. pre-programmed vocal feedback (e.g. ‘good job, you
showed me one quarter!’) and delivery of a token. All comparison stimuli were then
removed and the correct matching stimulus was displayed in the middle of the screen for 2 s.
Following a 2-s inter-trial interval, the next trial began.

If the participant responded incorrectly on a trial, the two incorrect distracter stimuli were
removed, and the correct matching stimulus remained on the screen for 2 s, accompanied by
a pre-programmed vocal ‘reminder’ of the correct matching stimulus (e.g. ‘one-quarter’). A
token was also removed from the column of tokens. Following a 2-s inter-trial interval, the
same sample stimulus was presented again on the next trial with the comparison stimuli
being presented in a different randomised order.

If the participant responded incorrectly on two successive trials with the same sample
stimulus, relation, the computer initiated a prompting procedure on the next trial to assist the
participant in making a correct response. On prompted trials, the computer decreased the
size of the incorrect comparison stimuli and moved them away from the correct (matching)
comparison stimulus. If the participant continued to select the incorrect comparison stimuli
on prompted trials, distracter stimuli were removed altogether and the participant had no
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option but to select the correct matching stimulus. Once a correct response occurred, the
computer then systematically increased the size of the distracter stimuli and moved them
closer to the correct (matching) stimulus on the bottom row of the screen on subsequent
trials – first with only one distracter stimulus presented, and then with two distracter stimuli
presented until stimulus presentation again was identical to that before the prompt procedure
was implemented.

If the participant had acquired five tokens, one of the computer games was randomly
selected by the computer and presented to the subject for approximately 20 s. Once the game
had finished, the computer presented the next trial with no tokens being displayed.

Data collection was automated on a trial-by-trial basis, such that the computer automatically
recorded the trial type (i.e. whether the trial was prompted or unprompted), the duration of
each trial (in seconds), and whether the participant had responded correctly on a trial. From
these data, a cumulative record of correct responses to unprompted trials was plotted as a
function of the cumulative trial duration (Fig. 2). The participant’s learning rate (which
corresponds to the slope of the participant’s cumulative record) was then calculated as the
cumulative number of correct responses obtained on unprompted trials divided by the
cumulative trial duration (in minutes).

To evaluate test–retest reliability of the learning rates, eight girls with FXS, eight boys with
FXS and all 15 participants with ID received a second 15-min test session on the following
day (day 2). Participants who had received a second test session then received 15 to 20
sessions of intensive computerised DTT on the Discrete Trial Trainer©. These sessions were
conducted over 4–6 h on the second day, and in the morning of a third day with all 12 pairs
of stimuli shown in Fig. 1. (These data are reported in a separate paper.) To evaluate the
sensitivity to change of the learning rates, these participants then received a third test session
on the third day using the day 2 stimuli.

Results
Figure 2 shows each participant’s cumulative record of correct responses from the first
session plotted for girls with FXS (upper panel), boys with FXS (middle panel) and matched
ID controls (lower panel). As can be seen from the figure, the majority of the cumulative
records were linear, suggesting that most participants responded at a steady rate throughout
the session. However, for some individuals, different patterns of responding can be seen. For
example, for participant number 6 in the matched control group, the cumulative record was
steep, then flat, then steep again. It appears that this individual was learning successfully,
then lapsed in attention (or experienced difficulty learning a particular stimulus relation),
and then began learning successfully again (see the sixth cumulative record from the left in
the bottom row of Fig. 2). For participant 15 in the matched control group, the slope of the
cumulative record is shallow throughout the session suggesting that this individual
experienced greater difficulties in learning throughout, and therefore required prompts
consistently (see the first cumulative record from the right in the bottom row of Fig. 2).

The learning rates, calculated from the cumulative records, are shown in Table 1. Box plots
of the learning rates for each group are shown in Fig. 3. The learning rates were well
distributed, had a good range (approx. one to eight correct responses per minute) and there
were no significant outliers in each group. Mean learning rates were 5.05 (SD = 1.70) for
girls with FXS, 4.50 (SD = 1.73) for boys with FXS and 4.87 (SD = 2.41) for matched ID
controls, a non-significant difference between the groups (F2,39 = 0.24, P = 0.79).

Correlations between participant background characteristics and subsequent learning rates
indicated that there was a significant association between the learning rates and mental age
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for girls with FXS [r(13) = 0.623, P = 0.023] and for matched ID controls [r(15) = 0.678, P =
0.005], but not for boys with FXS [r(12) = 0.100, P = 0.758]. There were no other
associations between learning rates and participant background characteristics.

Figure 4 shows test–retest reliability data obtained for those participants who received the
second test session on the following day. The figure shows plots of the learning rates
obtained on the second day as a function of learning rates obtained on the first day. The
intra-class correlations (ICC) were 0.768 for girls with FXS, 0.900 for boys with FXS and
0.903 for matched ID controls, indicating that the test–retest reliability of the learning rates
was good.

Concurrent validity of the learning rates was established by computing the correlation
between the learning rates and raw scores obtained on the Arithmetic subtest of the
Wechsler Intelligence Scale for Children-III (WISC-III) (Wechsler 1991). We used raw
scores for the Arithmetic subtest because, as expected, the majority of the standardised
scores obtained for this subtest were on the floor of the test. To control for ability level, we
included mental age as a covariate in the analysis. The partial correlation was highly
significant in boys with FXS [r(9) = 0.80, P = 0.003], and in matched ID controls [r(12) =
0.563, P = 0.036], but not in girls with FXS [r(10) = 0.35, P > 0.05]. We also computed
correlations between the learning rates and raw scores obtained on the (non-arithmetical)
subtests of the WASI (i.e. vocabulary, similarities, block design and matrix reasoning
subtests), controlling for mental age. These partial correlations were all non-significant.

To examine the sensitivity to change of the learning rates, we compared the learning rates
obtained from the first session to those obtained during the third session, after participants
had received 15–20, 15-min sessions of DTT training with the six sets of stimuli over 1.5
days. We used Cohen’s effect size statistic, correcting for the dependence among means
(Morris & DeShon 2002). Following 20 sessions of intensive DTT training, learning rates
improved from an average of 4.89 (SD = 2.09) to 7.42 (SD = 3.26) in girls with FXS, from
4.72 (SD = 2.07) to 6.40 (SD = 2.39) in boys with FXS and from 4.65 (SD = 2.33) to 7.06
(SD = 2.67) in matched ID controls. The effect size for this difference was 1.21, 0.89 and
1.42 for each group respectively, indicating that sensitivity to change of the learning rates
was large in each group.

Discussion
Over the past few years, an increasing number of clinical trials have been conducted to
evaluate the effects of pharmacological agents on the cognitive and behavioural symptoms
of individuals with FXS, despite few reliable, valid and sensitive outcome measures being
available to evaluate these effects. Currently available tests for individuals with FXS have
been shown to have poor psychometric properties, floor effects, or cannot be administered to
all individuals with FXS. In this preliminary study, we examined the psychometric
properties of a new ‘learning platform’ approach to outcome measurement in FXS. Given
that most standardised tests require individuals with ID to perform under conditions that
may be suboptimal (e.g. face-to-face interaction with an examiner, taxing administration
periods, and an absence of reinforcement and/or feedback), we examined whether a test that
was computerised, could be administered over a short period of time (i.e. 15 min), and
included reinforcement and feedback to motivate the student during the test, could provide
investigators with a better outcome measure. Specifically, we adapted a well-known
teaching procedure commonly used for individuals with autism – DTT – and derived a
measure of test performance during the training. By plotting the participant’s cumulative
record of correct responses to unprompted trials as a function of cumulative trial time, we
evaluated the psychometric properties of the participant’s learning rate (which corresponds
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to the slope of the participant’s cumulative record). Given that the learning rate measure is
produced under optimal learning conditions in which individuals with ID can be successful –
i.e. a ‘learning platform’ – the learning rate measure may therefore be a more useful and
valid measure of change.

We found that in both groups of individuals, the cumulative records obtained over a single
15-min session of DTT were extremely linear, and had excellent internal consistency.
Indeed, the learning rates were well distributed, with no floor or ceiling effects being
apparent. Only one participant in the ID group appeared to score close to the floor of the
test, i.e. the participant obtained a learning rate of less than 1.0. Examination of the
cumulative record for this participant showed that he predominantly received trials under the
prompting procedure throughout the session. In effect, this participant was ‘prompt
dependent’. Importantly, however, this participant was at least able to complete the test. No
participants refused to respond in the sessions.

For an outcome measure to be informative and clinically useful in the field of ID, it must
have a broad dynamic range, be sensitive to different levels of ability, and have established
test–retest reliability and validity. In addition to these properties, we believe that an outcome
measure should be obtained directly from the participant with ID, rather than from
information gathered from third parties (e.g. parents and/or teachers) – simply because third-
party questionnaires may be subject to rater bias and subjective recall effects. Further, we
believe that the test should be relatively easy to administer, involve automated data
collection and scoring procedures, and employ a single index to aid interpretation to
professionals. The learning rate index proposed here appears to have many of these
properties. Learning rates obtained in the initial test session ranged from approximately one
to eight correct responses per minute, averaging approximately five responses per minute in
each group. Thus, the learning rate index appears to have a broad dynamic range. Although
the mental age range of our study sample was broad (4 to 12 years), we found that the
learning rates were significantly correlated to mental age in girls with FXS and in the
matched controls. Thus, the learning rates were sensitive to different levels of ability in
these groups. The reliability and validity of the learning rate measure was good, and the
measure’s sensitivity to change was excellent. Taken together, these preliminary data
suggest that the proposed learning rate measure may provide investigators with a reliable,
valid and sensitive outcome measure for use in clinical trials in individuals with FXS.

There are, however, a number of potential limitations associated with the study. First, we
presented only a small number of stimuli to the participants during the test – six sets of
fractions, pie charts and decimals – thus the content validity of the test could be questioned.
We employed relatively difficult math stimuli in the test (fraction, pie chart and decimal
conversions) so that language confounds could be minimised and because participants would
have limited familiarity with these stimuli. Further studies could be conducted, however, in
which different versions of the test, with different sets of stimuli from different domains of
functioning, could be administered to examine the generalisability of the learning rates
obtained. By employing abstract stimulus pairs in the test for example, potential familiarity
and language confounds could be avoided altogether. A second limitation concerns the
relatively short time period over which the test–retest reliability data was collected (i.e. 1
day). In a previous study evaluating potential outcome measures for individuals with FXS,
the test–retest reliability interval was 1 week, presumably in order to correspond more
closely to the intervals commonly employed in clinical trials (Berry-Kravis et al. 2008b).
However, we have no reason to suspect that the test–retest reliability of our learning rate
measure would necessarily decrease following a longer time interval. A final limitation
concerns whether our sample was representative of individuals with FXS in the general
population. We included individuals with FXS who were aged between 10 and 23 years and
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had IQs between 50 and 90 (which translated to a mental age range of 4 to 12 years). These
individuals were able to sit in front of a computer for at least 5 min, and were able to use a
computer mouse. In the study by Berry- Kravis et al. (2008b), the age range of the
participants was 5 to 47 years while participant IQs ranged from 30 to 89 (which translated
to a mental age range of 2 to 10 years). Future studies will therefore be needed to examine
whether our test can be completed by individuals with mental ages below 4 years. However,
the mental age range of our participants (4 to 12 years) is comparable to those of participants
with FXS that have been included in clinical trials to date.

One way to evaluate the benefit of a particular medication in clinical trials is to obtain
measures of task performance at two or more time points under test or ‘extinction’
conditions (i.e. withholding feedback or reinforcement during the test). It is well known,
however, that extinction conditions will decrease the frequency of responding. By providing
feedback and reinforcement during the evaluation, we are therefore providing a platform
upon which individuals with ID can perform successfully. We have therefore called this
approach, the ‘learning platform’ approach. Currently, pharmacological treatments are
evaluated in isolation from learning factors. We believe this may be a mistake and can
increase the likelihood of false negative results. Indeed, by attempting to measure what an
individual can or cannot do while he/she is taking a particular medication, investigators in
the field of ID are failing to consider a more important question: does the medication
actually facilitate the participant’s learning ability? Given that learning is such a
fundamental component of functioning and development in individuals with ID, the
measurement of learning effects is an important issue in the evaluation of medication
effects.

How will the test be used by professionals conducting clinical trials in the field? The
Discrete Trial Trainer© is a commercially available software product with an established
website (http://www.dttrainer.com); thus, professionals conducting clinical trials will be able
to download the software directly from the website for use as part of their test battery. Trial-
by-trial data are automatically saved to the computer during administration; thus, learning
rates can be computed prior to and following an intervention to evaluate treatment efficacy.

The identification of a sensitive, specific, reliable and valid outcome measure (with a low
floor), which aims to improve testing consistency as well as enhancing student motivation,
will allow future pharmacological interventions to be evaluated more objectively in the
future. Currently, pharmacological interventions for individuals with ID are conducted in
isolation from behavioural interventions. We hope that our outcome measure will therefore
encourage clinicians to conduct pharmacological and behavioural interventions
synergistically in the future.
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Figure 1.
Stimuli employed in the assessment. Three sets of stimuli were randomly chosen from six
available sets on day 1. The remaining three sets of stimuli were presented for the reliability
and sensitivity analyses.
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Figure 2.
Cumulative records plotted over the course of the test for each participant from the session
on day 1. Note that each participant’s learning rate corresponds to the slope of the
participant’s cumulative record. FXS, fragile X syndrome; ID, intellectual disability.
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Figure 3.
Box plots of the learning rates from the session on day 1 plotted for each group. FXS, fragile
X syndrome; ID, intellectual disability.
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Figure 4.
Test–retest reliability data of the learning rates for each group. FXS, fragile X syndrome; ID,
intellectual disability.
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