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Objectives: To validate a new functional assessment tool, the Goal Processing Scale (GPS), and to apply it for
testing for sources of dysfunction in patients with acquired brain injury. Determining which component processes
of executive functioning underlie poor performance in complex, low-structure settings would be valuable for the
assessment of deficits and for evaluating the effectiveness of treatments. Participants: Nineteen individuals with
chronic acquired brain injury (mean age = 41.4 years; chronicity: 6 months to 39 years). Main Measures: Two
functional assessment tasks: (1) GPS, which evaluates functional performance in the context of achieving a goal in a
“real-world” setting, with rating scales measuring overall performance and 8 subdomains of executive functioning;
(2) Multiple Errands Test, an unstructured assessment of ability to adhere to rules and complete multiple “real-
world” tasks in a short time; and (3) a neuropsychological battery. Results: Intraclass correlation coefficients for
2 independent raters ranged from 0.75 to 0.98 for the GPS overall composite score and the subdomain scores.
Performance on GPS overall and several subdomain scores correlated with performance on the Multiple Errands
Test. Working memory and learning/memory neuropsychological measures predicted functional performance as
measured using the GPS. Discussion: The GPS shows high interrater reliability, suggesting convergent validity
with an established functional performance measure, and produces useful information regarding strengths and
weaknesses in different subdomains of executive functioning. Working memory and learning/memory appear to
be key determinants of goal-directed functioning for these individuals with brain injury. Key words: brain injury
rehabilitation, ecologically valid assessment, executive functions, functional performance
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Some of the most common and persistent sequela of
brain injury are deficits in executive control func-

tions, including the abilities of paying attention, hold-
ing information in mind, planning, organizing, and de-
veloping efficient strategies for completing activities in
daily life.1–9 Executive control deficits can affect many
aspects of personal functioning, such as the pursuits
of educational and occupational goals as well as nu-
merous aspects of daily life, directly contributing to
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poor outcomes.10–13 Despite their importance, deficits
in these “control processes” are often poorly addressed.
One roadblock may be that the nature of the func-
tional deficits remains poorly understood, with inade-
quate tools for quantitative assessment to characterize
each individual’s functional strengths and weaknesses.

The construct of executive control, referring to
abilities important for guiding behavior based on goals,
consists of a complex combination of component func-
tions. There are 2 opposing challenges to the assessment
of executive functioning. On the one hand, clinical
evaluations (including neuropsychological testing) are
often inadequate for the detection of dysfunction in
these higher-level domains, which are often most appar-
ent in real-life settings. Executive control functions are
arguably most engaged in the low structure of real-world
settings, where environmental or situational context
may not be sufficient to guide behavior. Most conven-
tional neuropsychological tests of executive function are
not designed to capture the complexity of responses re-
quired in the many multistep tasks that are part of daily
life.14–16 Traditional neuropsychological tests help in
identifying specific domains of cognitive dysfunction,
but because of their highly structured nature, they may
not fully capture or predict an individual’s performance
in unstructured and complex real-world settings and/or
detect deficits that may nevertheless be disabling.

On the other hand, although the importance of
more ecologically valid assessment is increasingly
recognized,14–16 measures of component processes that
contribute to the efficiency or effectiveness of functional
goal-directed behavior in real-world situations are not
currently available. Furthermore, assessments in real-
world situations are complicated by challenges such as
measurement precision and reliability. Improved ability
to define each individual’s strengths and weaknesses on
subcomponents of executive functions in complex real-
life environments would be an invaluable advance in
the assessment of deficits, planning interventions, and
evaluating the effectiveness of treatments.17

A number of approaches have been taken for assess-
ing functional performance in ecologically valid fash-
ion. Directly asking patients how they are functioning
in the real world has been the most common method
for assessing real-world outcomes.18 Self-report measures
have been used to characterize everyday functioning in
the areas of memory, communication, and higher-order
problem solving.19 However, they often do not provide
a clear relation to real-life performance.20 A number of
studies have demonstrated that self-report is susceptible
to biases based on the individual’s mood and cogni-
tive status.18 Another common approach is obtaining
input from a knowledgeable informant (such as spouse
or caregiver) about an individual’s real-life functioning.
However, although valuable, this information can be

incomplete or biased on the basis of the informant’s
familiarity and relationship with the patient.18

Arguably, the most valid determination of every-
day functioning would be direct observation of the
person in the real world. Several ecologically valid
functional tasks have been developed to assess ac-
tivities of daily living (ADL). Independent Living
Scales21 was developed for the assessment of instru-
mental ADL such as simple money management, di-
aling a phone number, writing a check, and un-
derstanding simple instructions. In the Naturalistic
Action Test,22 individuals are asked to accomplish
a simple functional task such as making a sandwich.
Performance is rated in terms of subtasks accomplished
and errors made. These measures, although ecologically
valid, are task specific and address simpler ADL.

More complex naturalistic tests such as the Multiple
Errands Test (MET),23 which incorporates multifaceted
life-like challenges including multitasking, have been de-
veloped in recent years. The MET is an unstructured
functional test that assesses a patient’s ability to follow
outlined rules and complete multiple “real-world” tasks
in a limited time. Several versions of the MET have been
reported in the literature (including those involving a
shopping center or a hospital campus).23–25 Participants
are presented with written instructions and a (shopping
center/hospital) map and asked to complete a number of
subtasks, while following specified rules. The MET has
been shown to capture an ecologically relevant sum-
mary of performance on a complex task, as reflected by
the number of task rule breaks and task failures. How-
ever, the MET is limited in that it lacks specificity with
regard to the cognitive subprocesses that contribute to
dysfunction.

To help address this gap, we developed an instrument
that assesses functional performance on subdomains
of executive function necessary to perform a complex
“real-life” functional task (the Goal Processing Scale
[GPS]). In designing the GPS, we took into account that
individuals with executive dysfunction can have diffi-
culties with different cognitive processes necessary for
successful goal/task completion—those that are involved
in planning a task, actual task execution, or both.26,27

For example, Duncan28 described the concept of “goal
neglect” where individuals can plan and verbalize their
goals and subtasks but fail to maintain goal-directed be-
havior when executing a task. Goal neglect, or a failure in
maintaining the goal and/or goal-relevant information
in working memory, can occur as a consequence of be-
ing distracted from a goal by being drawn to the subtask
and losing sight of the overall goal, forgetting to check
whether current actions are on track toward goal attain-
ment, or having difficulty sequencing and switching
attention between different subtasks relevant to goal at-
tainment. It would be valuable to be able to distinguish

Copyright © 2014 Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

www.headtraumarehab.com



138 JOURNAL OF HEAD TRAUMA REHABILITATION/MARCH–APRIL 2014

among all of these component processes underlying
goal-directed behavior and other possible impediments
to goal attainment and to determine which cognitive
processes contribute most to functional difficulties.
In particular, given the body of research suggesting
that selective attention and working memory play a
central role in goal-directed functioning,29 we wanted
to determine to what extent working memory ability
(as assessed by neuropsychological measures) predicts
performance on a complex unstructured functional task.

We set out to address challenges in parsing the con-
tributions of various component processes in reliable
observational ratings in ecologically valid settings. We
developed an assessment tool that involves both a chal-
lenging task that engages executive functions and a rating
system to quantify observations in specific cognitive do-
mains. The GPS evaluates a participant’s ability to plan
and execute a complex task commonly encountered in
everyday life, requiring researching options and mak-
ing a decision based on information gathered in a lim-
ited time while following specified rules.30 The partici-
pant’s functional ability to guide attention and related
aspects of behavior based on goals is evaluated using a
rating scale for overall performance and 8 subdomains
of executive functioning: Planning, Initiation, Mainte-
nance of Attention, Attentional Sequencing and Switch-
ing of between task subcomponents, Self-monitoring,
Flexible Problem Solving, Task Execution, and Learn-
ing and Memory. To assist in rating of performance
and to ensure rating consistency, the domains evaluated
were operationally defined in rating forms and detailed
calibration instructions were provided in an instruction
manual. We optimized the calibration and operational-
ization of the rating system and then tested the interrater
reliability.

We report the results of a study testing the GPS with
19 participants with chronic (6+ months) acquired brain
injury. We evaluated the extent to which the GPS overall
score reflects functional performance that is captured by
an existing validated but more general functional assess-
ment, the MET. We further assessed the extent to which
participants’ performance on neuropsychological mea-
sures assessing attention/executive function and mem-
ory abilities explains variance in their performance on a
complex unstructured functional task such as the GPS.

METHODS

Study participants

Nineteen participants (mean age = 41.4 years, SD =
12.9; mean education = 14.7 years, SD = 1.9) with a his-
tory of chronic acquired brain injury (range = 6 months
to 39 years postinjury) diagnosed by a neurologist and
or physiatrist specializing in brain injury were included
in the study. Eighteen participants had a history of trau-

matic brain injury with loss of consciousness (ranging
from mild to severe), and 1 participant had a history of
stroke. All were independent in performing basic ADL
but reported mild to moderate difficulties on daily tasks
involving organization, problem solving, multitasking,
and sustained attention. At the time of assessment, 10
participants were not working, 5 were going to school,
and 4 were gainfully employed but indicated difficulties
with performing work and school tasks. All participants
were on a stable medication regimen and had no ac-
tive illicit drug use, aphasia, or other conditions that
would impede participation in the assessments. Before
the injury, all were gainfully employed. Additional de-
tails describing each participant’s brain injury severity,
work/school status, primary functional complaint at the
time of assessment, and neuroimaging findings are in-
cluded in the Supplemental Digital Content Table 1
(available at http://links.lww.com/JHTR/A65). Partici-
pants were referred to the investigators from their physi-
cians and treatment providers at several San Francisco
Bay Area hospitals. This study was approved by insti-
tutional review boards at participating institutions in-
cluding the Veteran’s Administration Medical Centers
in San Francisco and Martinez, University of California,
San Francisco and Berkeley, and California Pacific Med-
ical Center. All participants provided informed consent
prior to any study procedures taking place.

Measures

Participants were evaluated with a battery of tests con-
sisting of functional and neuropsychological measures.

The Goal Processing Scale

The GPS assessment involves 2 components: a chal-
lenging task that engages executive control, and a rat-
ing system to quantify observations. Participants are in-
structed to plan and execute a task requiring them to
gather and compare information about 3 different ac-
tivities (or products/services—as designated on alternate
forms) of their choice, using the available means while
following specified rules in a limited time (30 minutes).
Participants work in an office equipped with a computer
with Internet access, a telephone, yellow pages telephone
book, blank paper, pen, calculator, and a clock. They
are given the task instructions page (see Table 1), which
is also read aloud by the evaluator who is present in
the room during the evaluation. To ensure participants’
understanding of the task, the evaluator asks them to
reiterate the instructions and to request clarifications as
needed. After ensuring that participants understand the
instructions, during the planning phase they are asked
to decide on the actual goals and parameters of the task
and to identify the steps needed to complete the task.
During the 30-minute task execution stage, participants
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TABLE 1 Goal Processing Scale task instruction

We would like to see how you work on a task

First, you will be asked to pick a general activity area from the choices below:
Your ultimate vacation
Weekend getaway
New hobby or leisure activity
Sporting or entertainment event
Fitness program

Then, you will compare 3 different options within the activity area you selected, based on the following criteria:
cost, convenience, customer review, and a criterion of your choice.

For example, if you select a weekend getaway as a general activity area, you may compare 3 possible destinations
(such as Tahoe, Napa, and Monterey) using the following criteria: cost, convenience of location, customer
review, and the criteria of your choice—family friendly activities.

In the planning phase, please tell the evaluator
Your choice of an activity area, and 3 possible options within that category you will compare
The 4 comparison criteria:

A criteria of your choice
The following 3 criteria: (1) cost; (2) convenience; and (3) customer review

List steps involved in completing this task
During the task
At 8 and 20 min into the task, you must stop what you are doing, check, and review your work. Tell the evaluator:

a. At what stage you are at in completing the task relative to outlined goals
b. If you are satisfied with your work
c. If you have made any errors: possible errors include breaking task rules, or going off task (eg, spending time
on activities unrelated to task, or changing task goals once you start)
d. You will have 1 min to ask questions. Questions will only be answered during the breaks.

At the end of the task
Give 3 reasons why you would choose one of the activities over the others.
Tell the evaluator how you feel about your work, and if you would change anything if you were to do this again.
Task rules
Please do not select the exact same choices as in the example provided.
You have 30 min to complete the task (after completing the planning phase).
You cannot use the same method (ie, the Internet or phone) to find information about more than 2 of the selected

activities being researched.
If you are using a phone, it needs to be on speaker phone
Once you start the task, you will not be able to ask any questions until the break.
There may be unexpected interruptions or distractions during the task, if this happens, please continue the task

using the available means.
You are responsible for tracking time during the task, self-initiating the breaks at 8 and 20 min into the task, and

stopping at 30 min for a final review.

are evaluated on their ability to effectively execute the
task on the basis of their identified plan and adherence
to task rules.

The areas evaluated during the planning stage include
the ability to understand task instructions and ask for
clarifications when needed; to decide on and identify
realistic goal(s); and to organize and prioritize steps in-
volved in actual task execution. After the task goals and
plan are decided upon, the participants are told to ex-
ecute the task on the basis of their identified plan and
task rules. The domains assessed during the task execution
stage include the ability to initiate task-directed activities;
maintain attention on a task both in a nondistracting en-
vironment and during the built-in task distractions; self-
monitor performance (including inhibiting task activities
to stop at specified times, review performance, notice,
and correct errors); sequence and switch attention between

and among the identified task subcomponents; demon-
strate flexibility in approaching alternate solutions when the
situation changes (eg, the ability to continue with spec-
ified task goals when the preferred means of obtaining
information such as the Internet or phone become un-
available); memory—including both the ability to recall
strategies when needed and the ability to correct previ-
ously noted errors; and actual execution, reflecting the
accuracy of completion of identified task goals and ef-
fectiveness of time management while executing steps
relevant to the identified plan and goals. Awareness of
one’s ability, reflected in the degree of mismatch be-
tween the performance that a participant predicts and
actual performance, is also evaluated.

Functional performance in these domains is rated on
a scale: 0 (not able) to 10 (absolutely not a problem). The
GPS overall performance score is the average of the 8
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subdomain scores. To assist in rating of performance on
the subdomains and to ensure rating consistency, the do-
mains were operationally defined (see Table 2). Further-
more, a GPS Rating Instruction Manual operationally
defines and calibrates the following: (1) the cognitive
domains evaluated; (2) the task-based context; (3) the
rating scale; and (4) the objective criterion-based scor-
ing used for evaluation. Specifically, in developing op-
erational definitions for cognitive domain components,
we created systematic and objective end points that can
be evaluated consistently by independent raters, thus in-
creasing interrater reliability. First, in the Rating Instruc-
tion Manual, each subdomain is operationally defined
to clarify the concept that is to be evaluated. Second,
a further qualitative description provides a contextual
understanding of how the qualities of the subdomain
are likely to be observed during an actual task perfor-
mance; this creates preparatory set and framework and
cues the evaluator to attend to specific elements of the
task. Third, a task-specific rating scale is defined with
qualitative descriptions of each numeric end point. Fi-

TABLE 2 Goal Processing Scale domains
rated

1. Planning
a. Understanding task instructions and requesting

clarifications when needed
b. Identifying the areas of interest
c. Deciding on a goal (task)
d. Breaking down the task into steps involved

2. Initiation
a. Initiation of activity on a task

3. Self-monitoring
a. Periodically stopping (inhibiting) ongoing activity
b. Reassessing task performance
c. Noticing errors
d. Correcting errors

4. Maintenance of attention
a. Sustaining attention on a task in a

nondistracting environment
b. Sustaining attention on a task in a distracting

environment
5. Sequencing and switching of attention

a. Switching attention between task
subcomponents

6. Flexible problem solving
a. Flexibility in approaching alternate solutions

7. Task execution
a. Effectiveness in executing steps relevant to the

identified plan and goals
b. Effective time management
c. Accurate task completion

8. Learning and memory
a. Ability to recall strategies (or steps involved)

when needed
b. Ability to learn from mistakes

Overall score (average of domains) = 1-8

nally, a scoring grid composed of objective task-based
criteria is provided for rating by the evaluator.

Evaluators, professionals experienced in assessing in-
dividuals with brain injury (an occupational therapist,
speech therapist, and neuropsychology fellow), were
trained in administering the GPS and in rating the per-
formance using the manual. On average, during the
training, each evaluator completed 4 to 5 GPS evalua-
tions before becoming proficient in administration and
scoring. To evaluate interrater reliability of the GPS, 2
experienced raters directly observed and independently
rated each participant’s task performance.

The Multiple Errands Test

The MET is an unstructured functional task that al-
lows clinicians to directly assess a patient’s ability to fol-
low outlined rules and complete multiple “real-world”
tasks in a limited time period. Keeping the main sub-
components of the task outlined in Alderman et al23

and Knight et al, 24 we adapted the MET for use in local
hospital settings and we developed 3 alternate forms to
allow for longitudinal assessments. Both tests were ad-
ministered to participants on the same day, with MET
testing preceding testing with the GPS.

Participants were given written instructions and a hos-
pital map and asked to complete 12 subtasks in 40
minutes while following 11 specified task rules. Eval-
uators followed participants while they were performing
the tasks, directly observing their actions. The 12 sub-
tasks involved performing different activities (eg, buying
specified items, collecting an envelope with instructions
from a designated location, using a hospital phone sys-
tem to reach a particular person), obtaining information
(eg, determining the opening time of the hospital shop
on a Saturday or the US city predicted to reach the
highest temperature tomorrow), and stopping ongoing
activity to meet the evaluator at a specified place and
time. Task performances were rated as 0 (successful com-
pletion), 1 (partial completion), and 2 (failure) so that a
maximum number of task failure points are 24. The task
rules included: not leaving the hospital grounds; spend-
ing a maximum of $5.00 (they are given a $10.00 bill);
not entering a building or room without completing
part of the task inside; not going back to the same area
more than once; buying no more than 2 items from 1
location; not talking about things unrelated to the task;
completing a task in the allotted time; not using per-
sonal money or cell phone; and giving the evaluator test
materials at the end of the task.

Neuropsychological assessment

The neuropsychological battery used in this study was
developed to assess performance in cognitive domains
of complex attention/executive function and memory
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that are commonly affected by traumatic brain injury.
To prevent participants’ fatigue, the neuropsychological
battery was administered on a day different from that
of the GPS and the MET, in a majority of cases, within
the same week. All neuropsychological test data were
scored on the basis of standardized age and (when
available) educational norms and transformed into z
scores for consistency. Individual neuropsychological
test z scores were averaged into the cognitive domain
scores as follows:

Working Memory was assessed with (1) Auditory Conso-
nant Trigrams,31 requiring recall of 3 consonants af-
ter counting backwards by 3 from a specified number
for 9, 18, and 36 seconds, and (2) Letter Number Se-
quencing, Wechsler Adult Intelligence Scale–III,32 re-
quiring mental reordering of scrambled letter-number
series of increasing lengths.

Sustained Attention was assessed with the time and error
score on the Digit Vigilance Test,33 requiring detec-
tion and crossing out of a specified number inter-
mixed with other numbers on 2 pages.

Inhibition of automatic responding was assessed with
the time and error score on the Stroop Inhibition
Delis Kaplan Executive Function System (DKEFS),34

in which words are printed in contrasting ink colors,
and participants are instructed to name the color of
the ink instead of the more automatic response of
reading the word.

Mental Flexibility was assessed with the following: (1)
Trails B,33 requiring rapid tracing between letters and
numbers to connect them in alternating order; (2)
Design Fluency-Switching DKEFS,34 requiring alter-
nating between empty and filled dots while generat-
ing different designs with 4 lines; (3) Verbal Fluency-
Switching DKEFS,34 requiring generating words that
belong to 2 specified categories and alternating be-
tween them; and (4) Stroop Inhibition-Switching
DKEFS,34 during which the participant is presented
with words printed in contrasting ink colors, some of
which are contained in boxes; they are instructed
to name the color of the ink, unless the word is
inside the box, in which case they are to read the
word.

Generative Ability was assessed with DKEFS Verbal Flu-
ency Total Correct (letter and category fluency) and
Design Fluency Total Correct (empty and filled
dots).

Learning/Memory was assessed with the Hopkins Ver-
bal Learning Test–Revised,35 requiring participants
to learn 12 words after 3 learning trials and to recall
them after 25 minutes; and with Brief Visual Memory
Test–Revised,36 requiring participants to learn and re-
produce 6 abstract designs over 3 learning trials and
to reproduce them after 25 minutes.

Statistical analysis

Interrater reliability for the GPS

For an assessment tool such as the GPS that assesses
complex “real-life” performance, achieving interrater
consistency is both crucial and a challenge. This was
a major consideration in operationalizing the GPS
subdomain ratings. To determine whether the GPS
reliably operationalizes the subdomains of executive
functioning it is designed to measure, each participant’s
performance was independently rated by 2 trained raters
using the GPS Rating Instruction Manual. Intraclass
correlation coefficients (ICCs) were then calculated for
each subdomain and for the overall GPS score, which
was derived by averaging across all subdomain scores.
The ICC measures the similarity between raters’ scores
for the individual subjects. For the purposes of these
analyses, we assumed that rater was a fixed effect, ICC
(3,1) as described by Shrout and Fleiss, and calculated
ICC measurements accordingly. That is, our raters were
assumed to be the entire population of raters. However,
results were virtually identical to those assuming
rater to be a random effect, that is, raters assumed
to be a random subset of all possible raters, ICC
(2,1).37 All ICCs were calculated using a SAS macro,
intracc.sas.38

Correlation with an established functional assessment test

To determine whether the participants’ performance
on the GPS correlated with MET performance, we first
used Spearman correlation coefficients to compare MET
summary scores to the overall GPS score (the average of
the subdomain scores). Nonparametric tests were used
to account for the nonnormality of the MET data,
which consist of counts of the number of task rule
breaks and task failures. To examine the extent to which
GPS subdomains might indicate the sources of reduced
functional performance measured by the more general
MET, we then performed correlation analysis on the
MET summary scores with each of the individual GPS
subdomains.

Although we have examined a number of subdo-
mains, we report nominal P values without adjustment
for multiple testing. Such adjustment would be focused
on avoidance of 1 or more results, with P < .05 in the
case where all differences are truly zero,39–41 which is an
unrealistic hypothesis about the state of nature in this
situation. In addition, adjustment would require that
each result detract from the others, but there are clear
relations between the domains that we are examining,
and these permit coherent sets of findings to reinforce
each other rather than detract from one another.
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Correlation between GPS subdomains and
neuropsychological measures

To determine whether participants’ performance on
neuropsychological tests assessing attention, executive,
and memory function relates to and predicts their per-
formance on a complex functional task (as assessed by
GPS overall and subdomain performance), we examined
correlations between the GPS and the neuropsycholog-
ical test domain scores. We further examined which, if
any, of these cognitive abilities predicts a participant’s
performance on a complex unstructured functional as-
sessment such as the GPS.

Pearson correlation coefficients were used to
determine the degree of association between atten-
tion/executive functioning and memory abilities (as as-
sessed by neuropsychological test performance domain
scores) and functional performance in low-structure
setting (as assessed by GPS overall and subdomain
scores). For those relations where we observed signif-
icant correlation, we used linear regression models to
further examine and quantify these associations. All
statistical analyses were conducted using SAS v9.2.

RESULTS

Interrater reliability

Intraclass correlation coefficients assessing interrater
agreement demonstrated a very high correlation of
0.97 for GPS overall performance score. Seven of the
8 GPS subdomain scores demonstrated a correlation of
0.80 or higher (see Figure 1), suggesting good interrater
reliability.

GPS and functional measures

MET and overall GPS functional performance

To determine whether the GPS successfully captures
functional performance on an independent complex
functional task, we compared it with the MET using

Spearman correlation coefficients. We observed a cor-
relation of −0.59 between the GPS and the MET task
failures (P = .012) and a correlation of −0.60 between
the GPS and MET rule breaks (P = .01).

Relations between GPS subdomains and MET
performance

To determine which GPS subdomains most strongly
correlated with MET scores, Spearman correlation co-
efficients were calculated. The performance on the GPS
Task Execution and Learning and Memory subdomains
significantly correlated with lower number of both rule
breaks and task failures on the MET. In addition, better
performance on the GPS Attentional Sequencing and
Switching significantly correlated with a lower number
of rule breaks on the MET and better performance on
the GPS Self -monitoring domain significantly corre-
lated with a lower number of task failures on the MET.
The remaining subdomains were not significantly cor-
related with either the rule breaks or the task failures
on the MET. The fact that some subdomains correlate
with the MET more strongly than others suggests that
GPS may be valuable for determining the sources of re-
duced functional performance that are measured more
generally with a test such as the MET (see Table 3).

GPS and neuropsychological measures

To determine whether participants’ performance on
neuropsychological tests assessing attention, executive,
and memory abilities relates to and predicts their per-
formance on a complex functional task (as assessed by
GPS overall and subdomain performance), we exam-
ined correlations between (1) overall and the 8 domain
scores of the GPS and (2) the 6 neuropsychological test
domain scores. Therefore, 54 pairwise correlations were
generated (see Supplemental Digital Content Table 2,
available at http://links.lww.com/JHTR/A66).

Figure 1. Interrater reliability (intraclass correlation coefficient) for Goal Processing Scale (GPS) overall and subdomain scores.
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TABLE 3 Relations between performance on the GPS and the MET

MET Measures

Number of rule breaks Number of task failures

GPS Domain Spearman r P Spearman r P

Attentional Sequencing and Switching −0.70 .002∗∗ −0.35 .16
Task Execution −0.66 .004∗∗ −0.64 .005∗∗

Self-Monitoring −0.45 .07 −0.47 .05∗

Learning and Memory −0.57 .02∗ −0.60 .01∗∗

Flexible Problem Solving −0.21 .44 −0.38 .15
Planning −0.41 .09 −0.46 .06
Initiation −0.27 .28 −0.13 .62
Maintenance of Attention −0.23 .36 −0.24 .35

Abbreviations: GPS, Goal Processing Scale; MET, Multiple Errands Test.
∗P < .05.
∗∗ P < .01.

Performance on the neuropsychological measures
assessing working memory significantly correlated with
performance on the GPS overall (r = 0.66, P = .005)
as well as with the GPS subdomains assessing Self-
monitoring (r = 0.55, P = .02), Attentional Sequencing
and Switching (r = 0.70, P = .002), Task Execution (r =
0.66, P = .005), and Learning and Memory (r = 0.61,
P = .02).

Performance on the neuropsychological measures as-
sessing learning and memory abilities significantly cor-
related with performance on the GPS overall (r = 0.61,
P = .01) as well as with the GPS subdomains assess-
ing Self-monitoring (r = 0.59, P = .02), Task Execution
(r = 0.56, P = .023), Learning and Memory (r = 0.46, P
= .02), and Flexible Problem Solving (r = 0.55, P = .04).

The remaining neuropsychological measures assessing
sustained attention, inhibition, mental flexibility, and
generative ability did not significantly correlate with any
of the GPS subdomain scores.

Because correlations are bidirectional, we used uni-
variate regression models to further examine the sig-
nificant associations between performance on the GPS
and the neuropsychological measures of working mem-
ory and learning and memory. This was done both
to quantify the effects of working memory and learn-
ing/memory abilities on GPS complex functional task
performance and to estimate confidence intervals for
these effects.

Results of regression models examining the potential
association between working memory ability and GPS
are presented in Table 4. For each increase of 1 SD in
working memory (raw scores having been converted to
z scores), overall GPS performance increased an average
of 1.16 points (on a scale ranging from 0 to 10). Working
memory had the largest effect on the GPS Attentional
Sequencing and Switching, Task Execution, and Learn-
ing and Memory subdomains; for each increase of 1
SD in the neuropsychological working memory score,

TABLE 4 Relations between working memory domain and GPS performance

GPS Domain Coefficient 95% CI P

Overall performance 1.16 0.40-1.91 .006∗∗

Attentional Sequencing and Switching 2.09 0.87-3.30 .003∗∗

Task Execution 2.04 0.72-3.36 .005∗∗

Self-Monitoring 1.38 0.19-2.57 .03∗

Learning and Memory 2.30 0.61-4.01 .01∗∗

Flexible Problem Solving 1.14 −0.47 to 2.75 .15
Planning 0.69 −0.76 to 2.13 .33
Initiation 0.17 −0.10 to 0.45 .19
Maintenance of Attention 0.26 −0.53 to 1.05 .49

Abbreviation: GPS, Goal Processing Scale.
∗P < .05.
∗∗ P < .01.
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the GPS functional performance in these subdomains
increased by an average of more than 2 points.

The overall correlation between the GPS and learn-
ing/memory was not as strong as that with working
memory; each increase of 1 SD unit in learning/memory
resulted in an average increase in the overall GPS score
of 0.63 points (see Table 5). This same increase resulted
in an approximately 1-point increase in the GPS Learn-
ing and Memory, Self-monitoring, Task Execution, and
Attentional Sequencing and Switching subdomains.

DISCUSSION

Results of the this study suggest that the GPS may be
a useful tool for assessing the contribution of different
subdomains of cognitive processing to functional per-
formance on complex tasks in low-structure, ecologically
valid settings. Several challenges were addressed in its de-
velopment and validation. In any assessment of complex
“real-life” performance, achieving interrater consistency
is both crucial and a challenge. This was a major consid-
eration in designing 2 key components of the GPS tool:
the complex functional task and the system for rating
cognitive processing during the complexities of individ-
ual performance. Specifically, the GPS was designed to
evaluate participants’ ability to plan and execute an ac-
tivity commonly encountered in everyday life, requiring
researching options and making a decision on the basis
of information gathered in a limited time, while follow-
ing specified rules. To assist in rating of performance
and to ensure rating consistency, the executive function
subdomains evaluated were operationally defined and
detailed calibration instructions were outlined in a GPS
Rating Instruction Manual.

In this study, the interrater agreement for 2 trained
independent raters was high both for the GPS overall
performance and for the 8 executive function perfor-
mance subdomain scores. This suggests that the sys-
tematized and calibrated rating system outlined in the

GPS Rating Manual was sufficient to achieve high in-
terrater reliability. It is important to note that GPS eval-
uators were clinicians (occupational, speech therapists,
and neuropsychology fellows) experienced in working
with individuals with brain injury.

As a gross validation of the GPS in quantifying func-
tional performance in a complex, low-structure setting,
we evaluated the extent to which the GPS overall score
reflects performance that is captured by an existing vali-
dated but more general functional assessment, the MET.
The higher GPS overall performance score correlated
well with fewer task failures and rule breaks on the MET,
suggesting good convergent validity between the 2 func-
tional assessment tools. Furthermore, among GPS sub-
domains, better overall Task Execution and Learning
and Memory correlated with better performance on the
MET (lower number of both rule breaks and task fail-
ures). Better performance on the GPS subdomain Atten-
tional Sequencing and Switching between different task
components was associated with fewer rule breaks on the
MET, possibly reflecting one’s ability to switch between
both task rules and task demands while performing the
designated activity.

Having established basic aspects of interrater reliabil-
ity and validity, we then turned to evaluating which cog-
nitive domains may contribute the most to goal-based
performance on complex functional tasks. As outlined
by Duncan28 and others,26,27 individuals with executive
dysfunction can frequently plan and verbalize their goals
and subtasks but often fail to maintain goal-directed
behavior during execution. Goal neglect, or a failure in
maintaining the goal, can occur as a consequence of be-
ing distracted from a goal including being drawn to the
subtask and losing sight of the overall goal, forgetting to
check whether current actions are on track toward goal
attainment or having difficulty sequencing and switch-
ing attention between different subtasks relevant to goal
attainment. It would be valuable to be able to distinguish
among all of these component processes underlying

TABLE 5 Relations between learning/memory domain and GPS performance

GPS Domain Coefficient 95% CI P

Overall performance 0.63 0.03-1.23 .04∗

Attentional Sequencing and Switching 1.10 0.09-2.11 .03∗

Task Execution 1.16 0.13-2.20 .03∗

Self-Monitoring 0.86 −0.01 to 1.72 .05∗

Learning and Memory 1.24 −0.11 to 2.55 .07
Flexible Problem Solving 0.95 −0.26 to 2.17 .11
Planning 0.57 −0.42 to 1.56 .24
Initiation 0.08 −0.12 to 0.28 .39
Maintenance of Attention 0.16 −0.39 to 0.71 .54

Abbreviation: GPS, Goal Processing Scale.
∗P < .05.
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goal-directed behavior and other possible sources of
poor goal attainment and to determine which cognitive
processes contribute most to functional difficulties.

There is a significant gap in knowledge of the cogni-
tive subprocesses that influence and/or determine real-
life functional performance in patients with brain in-
juries. One line of thought is that the integrity of the
information maintained in working memory depends on
the effectiveness of selection attention and can be dis-
rupted by the entry of nonrelevant information. Thus,
the pathway between goals and actions may depend
on the effectiveness of selective attention and work-
ing memory and may be vulnerable to distracting pro-
cesses. Selective attention and working memory have
been linked to prefrontal cortex and its interactions with
different brain regions,42–45 and are thought to play a
central role in goal-directed functioning.29

We performed a preliminary test of the proposition
that working memory plays a central role in effective
goal management in complex, ecologically valid situ-
ations for patients with acquired brain injury. The re-
sults of this study showed that working memory ability
in the context of distractions (as assessed by indepen-
dent neuropsychological measures) predicts overall per-
formance on a complex unstructured functional task.
Furthermore, an individual’s working memory perfor-
mance had the greatest predictive value for GPS func-
tional performance in the Attentional Sequencing and
Switching, Task Execution, and Learning and Memory
subdomains, all domains that functionally should de-
pend on working memory.

Participants’ performances on neuropsychological do-
mains assessing sustained attention, mental flexibility,
inhibition, and generative ability did not correlate with
their functional performance on the GPS. One explana-
tion may be that the neuropsychological measures and
the GPS assess somewhat different abilities on the basis
of performance in somewhat different contexts. For ex-
ample, there is no measure of sustained attention during
the entire neuropsychological evaluation. The Digit Vig-

ilance Test used to assess sustained attention is a highly
structured task administered in a quiet structured envi-
ronment. The score is based on completion time and
number of errors. In contrast, the GPS Maintenance of
Attention subdomain assesses participant’s performance
for the entire 30-minute long GPS assessment in both
distracting and nondistracting environments. Similarly,
mental flexibility in the setting of unexpected obsta-
cles toward accomplishing a functional goal was not
assessed by the neuropsychological test we used. Over-
all, these differences highlight the potential value and
importance of observing functional performance in eco-
logically valid settings.

Although the approach embodied by the GPS may
fill an important gap in the field in assessing and quan-
tifying subcomponents of functional task performance,
there are a number of limitations. One limitation
of this study is the small number of patients; our
investigation needs to be replicated on a larger group.
This scale primarily addresses aspects of executive
function associated with dorsolateral prefrontal cortex.
Development of additional tools assessing behavioral
dyscontrol and disinhibition would be worthwhile.
The test-retest reliability of the GPS was not addressed
in this study. We have developed and are currently
evaluating alternate forms of the GPS to allow for the
assessment of the effects of therapeutic interventions
on different subdomains of executive functioning.

The GPS may also be a useful tool for investigations
of the neural underpinnings of functional performance
in real-world settings. Moreover, some approaches used
in the GPS, such as the process for observed ratings, may
be more generally applicable for assessing contributors
to functional performance in other settings that may
be relevant to an individual’s personal occupation or
other goals. Finally, improved ability to define each in-
dividual’s strengths and weaknesses on subcomponents
of executive function in complex real-life environments
may also help in the development and evaluation of the
efficacy of therapeutic interventions.
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