INTRODUCTION

Purpose

" To demonstrate the reliability and validity of a
motor tracking task for use in subsequent dual-
task investigations of attention and language
processing.

Background

= Resource allocation theory (e.g., Kahneman,
1973; McNeill, Odell, & Tseng, 1991) proposes
that mental processing resources are limited in
capacity and shared among cognitive domains.

" Observation of performance tradeoffs in dual-task
experiments has been taken as evidence for
cognitive resource sharing.

= One method for demonstrating performance
tradeoffs requires that the difficulty of both tasks
be independently manipulated, and that
manipulating the difficulty of each task causes
performance changes in the other.

" Manual tracking has been used to induce or
measure processing load in various concurrent
tasks, including auditory discrimination (Wickens,
1976), speech production (Lively, Pisoni, Van
Summers, & Bernacki, 1993), and auditory
sentence processing (Granier, Robin, Shapiro,

Peach, & Zimba, 2000).

= Within this framework, the investigators
developed a dual-task software environment
(Resource Allocation Paradigms of Pittsburgh,
RAPP, Doyle & McNeil 1998) that includes

manual tracking as an experimental task.

Experimental Questions

" Does the software produce target waveforms of
equivalent difficulty across trials?

" Do the three chosen levels of difficulty produce
reliable differences in performance?

" How many single-task trials should subjects be
given in order to minimize performance changes
due to practice effects in subsequent dual-task

studies?
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METHOD

Instrumentation

" The RAPP software displays an unpredictably varying line that scrolls across the
computer screen from left to right, with a crosshair whose position is controlled
by a joystick. The software was installed on a Dell Inspiron 8100 computer with
a 30.5cm by 23cm screen. The positions of maximum vertical displacement of
the waveform were 8cm apart. The joystick was a Saitek Cyborg 3D.

" The target waveform is generated by random selection of a sequence of
waveform segments from a pre-generated set of 10,000 different segments,
or wavelets. Each wavelet consists of five turnarounds and the four segments
connecting them. Each wavelet has the same mean and standard deviation
amplitude in twips (standardized pixels).

" The difficulty of the motor tracking task was manipulated by setting the relative
horizontal distance between the turnaround points at 50%, 20%, and 10% of the
maximum value to achieve three different difficulty levels (easy, moderate, and
hard, respectively).

" The waveform and crosshair positions were sampled at 25Hz

Subjects

" Participants were 20 individuals (13 women, 7 men), aged 40-/5 years
(mean = 51.2, sd = 15.2), who met the same selection criteria as subjects in the
subsequent dual-task investigation:

o No reported neurological,
communication, or psychiatric
disorder

o 35 dB HL hearing screening
o VISion screening

o performance > 5th percentile I the _
for normal subjects on the Short Communication Disorders of
Porch Index of Communicative Dementia

Ability and the Revised Token Test © > twelve years of education
= \Waveform Reliability

To confirm that the software produces target waveforms of consistent difficulty

at each of the three difficulty levels, root mean square (RMS) tracking error data
were collected by generating a series of waveforms and fixing the value of the
crosshair position at maximum displacement. These trials were equal In length
and number to the trials that were administered to subjects in a subsequent dual-
task experiment in which the tracking task was paired with a story retelling task.

" Tracking Performance

Each subject completed 36 two-minute tracking trials (12 each at the easy,
moderate, and hard difficulty levels, presented in pseudorandom order).
Subjects were given a 30-second rest after each trial and a 5-minute rest after
the 12th and 24th trials. Subjects were instructed to use the joystick with their
dominant hand to keep the crosshairs as close to the line as possible. RMS
tracking error was calculated for each trial.

o = 5th grade performance on the
reading subtest of the Wide Range
Achievement Test 3

o < two-point difference on the
Immediate and delayed story recall
subtest of the Arizona Battery of

RESULTS

= \Waveform Reliability

o Tracking error values obtained from trials with fixed crosshair
position were entered into an ANOVA with a design analogous to
one to be used in a subsequent dual-task experiment: one repeated
factor of trial block and one between-subjects factor of tracking
difficulty level. Neither main effect nor their interaction was
significant (p > .3).

" Tracking Performance

o RMS error values for each tracking trial were entered into an
ANOVA with 2 repeated factors: Difficulty (3 levels) and trial (12
levels). The analysis revealed a significant main effect of difficulty
(F2 38 =602.19, p <.001) and trial (Fy 599 = 42.53, p <.001),
as well as a significant interaction (F,, 44 = 9.052, p <.001).

o Post hoc analysis was carried out using the Bonferroni correction
(alpha = .05) to test for simple effects.

o Differences in tracking error across difficulty levels were large
(see Figure 1.), and all three pairwise comparisons were
significant for all trials.

o At the hard tracking level trial 6 was the earliest that did not differ
reliably from any of the subsequent trials, with performance at
trials 1-5 all being significantly worse than at trial 9.

o For the moderate and easy tracking levels, trial 5 was the
earliest that did not differ significantly from any of the
subsequent trials at each of those levels, with more error on
trials 1-4 than on trial nine.

Figure 1. Root Mean Square Tracking Error across the 12 Trials at
Each of the Three Difficulty Levels. Error bars indicate +/- 1 SD.
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CONCLUSIONS

This study provides support for the following conclusions:

" The RAPP motor tracking software produces a target
waveform of consistent difficulty across repeated trials at a
given difficulty level.

" The three levels of task difficulty studied here do result in
reliable differences in performance.

" Performance improvement due to practice in a single
session was negligible after 4-5 trials at each of the three
difficulty levels.
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