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Background. The modified Dynamic Gait Index (mDGI), developed from a
person-environment model of mobility disability, measures mobility function relative
to specific environmental demands. The framework for interpreting mDGI scores
relative to specific environmental dimensions has not been investigated.

Objective. The aim of this study was to examine the person-environmental model
underlying the development and interpretation of mDGI scores.

Design. This was a cross-sectional, descriptive study.

Methods. There were 794 participants in the study, including 140 controls. Out
of the total study population, 239 had sustained a stroke, 140 had vestibular dysfunc-
tion, 100 had sustained a traumatic brain injury, 91 had gait abnormality, and 84 had
Parkinson disease. Exploratory factor analysis was used to investigate whether mDGI
scores supported the 4 environmental dimensions.

Results. Factor analysis showed that, with some exceptions, tasks loaded on 4
underlying factors, partially supporting the underlying environmental model.

Limitations. Limitations of this study included the uneven sample sizes in the 6
groups.

Conclusions. Support for the environmental framework underlying the mDGI
extends its usefulness as a clinical measure of functional mobility by providing a
rationale for interpretation of scores that can be used to direct treatment and infer
change in mobility function.
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Community ambulation requires
not only the ability to walk at a
minimum gait speed but also

the ability to adapt gait to diverse
and complex task demands.1,2 The
Dynamic Gait Index (DGI) was
developed to examine functional
gait, including both unimpeded gait
and more complex walking tasks
requiring the ability to modify and
adapt gait to both expected and
unexpected environmental chal-
lenges. The DGI is based on a
person-environment model of mobil-
ity disability in which environmental
demands are categorized into 8
dimensions: distance, temporal,
ambient, terrain, physical load, atten-
tion, postural transitions, and den-
sity, representing the external
demands required for an individual
to be mobile within a particular envi-
ronment.1 The DGI includes tasks
that examine walking in 4 of the 8
environmental dimensions: tempo-
ral, postural transitions, terrain, and
density. A modified version (mDGI)
was recently developed and tested
on a large and diverse group of indi-
viduals with and without mobility
disability.3,4 Results from these stud-
ies advocated the retention of the
original 8 tasks but expanding the
scoring system to evaluate 3 corre-
lated but unique facets of walking
performance: gait pattern (GP), level
of assistance (LOA), and time.3 Pre-
vious research on the mDGI has
focused on its psychometric proper-
ties and its validity for use with indi-
viduals from different medical diag-
nostic groups.3,4 However, research
examining the 4-factor environmen-
tal model underlying the DGI and
mDGI is lacking.

Thus, the purpose of this study was
to examine the structural validity of
the environmental dimensions
framework upon which the mDGI
was built. We expected that specific
task scores would reflect 4 latent fac-
tors representing the 4 environmen-
tal dimensions. Specifically, we

expected scores from the usual pace
and change pace tasks to load on the
temporal dimension. We expected
that scores from the horizontal head
turn, vertical head turn, and pivot
turn tasks would load on the postural
transitions dimension; that scores
from the around obstacles and the
over obstacles tasks would load on
the density dimension; and that the
stairs task would stand alone as a
measure of the terrain dimension. It
was hoped that examining the
underlying framework used to inter-
pret DGI and mDGI scores would
improve the clinical usefulness of
the test as a measure of mobility
function in both geriatric and neuro-
logic populations.

Method
An in-depth review of the methods
used to investigate the reliability and
validity of the mDGI was previously
reported.3 A brief overview of the
study’s methods is presented here.

Recruitment
An email was sent via the American
Physical Therapy Association Neurol-
ogy Section’s electronic mailing list
to recruit potential clinical sites.
From within each of these sites, par-
ticipants with neurologic impair-
ments who were currently receiving
physical therapy for balance and
mobility problems were evaluated
using the DGI and mDGI. Inclusion
criteria included the ability to walk
6.1 m (20 ft) without physical assis-
tance of another person. The use of
an assistive device was permitted.
For the control sample, a conve-
nience sample of adults was
recruited from volunteers respond-
ing to a flyer posted in the University
of Washington Department of Reha-
bilitation Medicine and in retirement
communities in the greater Seattle-
Bellevue area. Inclusion criteria
were: age between 15 and 99 years,
no neurologic diagnosis, ability to
walk without the physical assistance
of another person for a distance of

6.1 m, and ability to give informed
consent. Participants provided
informed consent prior to testing.
The analyses presented in this article
used a subset of data (794 partici-
pants) presented in a previous
publication.3

Modification of the DGI
All 8 items from the original DGI
were retained, with minor modifica-
tions made to distance ambulated
(6.1 m) and 4 test items (change
pace, over obstacles, pivot turn, and
stairs).3 The original scoring system
was modified to establish ordinal
scores for 3 separate aspects of walk-
ing performance: GP (0–3), LOA
(0–2), and time (0–3). Performance
scores at the task level were calcu-
lated by adding the scores for time,
GP, and LOA, resulting in a score
ranging from 0 to 8 for each of the 8
tasks. A total score for each of the 3
facets of performance was calcu-
lated, characterizing walking perfor-
mance with respect to time
(range�0–24), GP (range�0–24),
and LOA (range�0–16). A total
score for the mDGI also was calcu-
lated by combining the 3 perfor-
mance scores, for a total score range
of 0 to 64.

Investigating the Environmental
Dimensions as Explanations for
Performance on mDGI Tasks
To investigate whether mDGI scores
supported the 4 environmental
dimensions that were the basis for
DGI tasks, we conducted an explor-
atory factor analysis (EFA) using IBM
SPSS software, version 19 (IBM Corp,
Armonk, New York). Factor analysis
is a procedure that uses correlations
among scores from different vari-
ables to identify groups of scores
that may be explained through latent
(underlying) common factors.5,6 We
investigated the viability of factor
analysis using 2 tests: the Kaiser-
Meyer-Olkin (KMO) test and the
Bartlett test of sphericity. The KMO
test indicates the proportion of vari-

Environmental Framework for the Modified Dynamic Gait Index

June 2015 Volume 95 Number 6 Physical Therapy f 865



ance in the data that may be caused
by underlying factors. Values close
to 1.0 suggest that factor analysis
may be useful. If the KMO test value
is less than .50, a factor analysis is
unlikely to be useful in evaluating
the dimensionality of the data. The
Bartlett test evaluates the correlation
matrix to determine whether it is an
identity matrix (ie, the variables are
unrelated). The distribution of corre-
lation coefficients with the Bartlett
test is approximately a chi-square
distribution; therefore, results are
interpreted as �2 values. If the test is
significant at P�.05, a factor analysis
may be useful.5,6

After the initial solution, an orthogo-
nal (varimax) rotation was used to
determine which variables group
together. Factor loadings are correla-
tions between variable scores and
the underlying latent factors, and are
used to assess the strength of the
association between each variable
and each latent factor. The original

model for the DGI was based on 4
environmental dimensions; there-
fore, we set the number of latent
factors at 4 and used EFA to explore
how the task scores grouped relative
to those 4 factors. An exploratory
rather than confirmatory factor anal-
ysis was chosen because it was felt
we did not have sufficient items to
warrant a confirmatory analysis. To
optimize our ability to identify dis-
tinct latent factors, we used a vari-
max rotation, which assumes that
the latent factors are not correlated
with one another. We included the
control cohort in the EFA because
the mDGI is designed to examine
mobility performance across a spec-
trum of individuals with and without
mobility limitations. We used a crite-
rion of 0.5 to identify significant fac-
tor loadings for each of the 4 factors
with an eye to determining whether
task scores grouped as expected.5,6

A factor loading of 0.5 represents
25% of shared variance between the

rotated factor and the mDGI
subscore.

Role of the Funding Source
This study was supported by a grant
from the Walter C. and Anita Stolov
Research Fund, Department of Reha-
bilitation Medicine, University of
Washington.

Results
Participants/Sociodemographics
The analyses presented in this paper
used a subset of data (794 partici-
pants) presented in a previous pub-
lication.3 The subset included indi-
viduals with the following diagnoses:
stroke (n�239), vestibular dysfunc-
tion (n�140), traumatic brain injury
(TBI) (including head injury and con-
cussion) (n�100), gait abnormality
(patients referred for physical ther-
apy under the diagnostic code 781.2
of the International Classification
of Diseases7) (n�91), and Parkinson
disease (n�84), as well as the non-

Table 1.
Sociodemographics of Sample by Group

Variable Control Cohort Stroke
Vestibular

Dysfunction
Traumatic

Brain Injury
Gait

Abnormality
Parkinson

Disease

n 140 239 140 100 91 84

Age (y)

X 66.3 64.3 66.6 54.0 80.4 71.0

SD 24.7 15.3 14.9 20.0 9.1 9.8

Range 20–99 24–93 23–94 15–91 52–94 41–88

Sex (female), n (%) 103 (74) 98 (41) 92 (66) 47 (47) 70 (76.9) 33 (39.3)

Ethnicity (white), n (%) 126 (90.0) 180 (75.3) 129 (92.1) 77 (77) 88 (96.7) 79 (94.0)

Gait device,a n (%)

None 140 (100) 132 (55) 104 (74) 73 (73) 50 (55) 64 (76)

Cane 0 64 (27) 33 (24) 10 (10) 38 (42) 17 (20)

Walker 0 42 (18) 3 (2) 17 (17) 3 (3) 3 (4)

Falls, n (%)

None 55 (59) 120 (50) 78 (56) 49 (49) 29 (32) 32 (38)

1 20 (22) 61 (26) 34 (24) 28 (28) 21 (23) 15 (18)

�2 18 (19) 58 (24) 28 (20) 22 (22) 37 (41) 36 (43)

Total N for falls data 93 239 140 99 87 83

a Data missing for one participant with stroke.
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Table 2.
Modified Dynamic Gait Index Task Scores in the 6 Groups

Variable Control Cohort Stroke Parkinson Disease Gait Abnormality Traumatic Brain Injury Vestibular Dysfunction

Temporal Dimension

Usual pace

X 6.86 4.95 6.30 5.24 5.80 6.43

SD 1.59 1.81 1.44 1.30 1.82 1.55

Range 2–8 1–8 3–8 1–8 1–8 1–8

Change pace

X 6.84 4.76 6.13 5.07 5.51 6.31

SD 1.61 1.96 1.53 1.62 2.12 1.59

Range 1–8 1–8 1–8 0–8 1–8 1–8

Postural Transitions Dimension

Horizontal head

X 6.48 4.43 5.79 4.53 5.01 5.59

SD 1.92 2.02 1.70 1.49 2.03 1.82

Range 1–8 0–8 1–8 1–7 0–8 0–8

Vertical head

X 6.48 4.49 5.93 4.79 5.17 5.73

SD 2.07 2.09 1.73 1.46 2.01 1.81

Range 1–8 0–8 0–8 1–8 1–8 1–8

Pivot

X 6.54 4.60 5.05 5.05 5.40 5.93

SD 1.88 2.01 1.50 1.50 2.09 1.86

Range 1–8 0–8 2–8 2–8 0–8 0–8

Density Dimension

Over obstacles

X 6.49 4.12 5.99 4.57 5.28 6.29

SD 2.32 2.35 1.92 1.84 2.29 1.77

Range 0–8 0–8 0–8 0–8 0–8 1–8

Around obstacles

X 6.93 4.86 6.13 5.37 5.71 6.44

SD 1.50 1.92 1.53 1.40 1.90 1.59

Range 2–8 1–8 2–8 2–8 1–8 1–8

Terrain Dimension

Stairs

X 6.33 3.94 5.62 4.53 4.81 6.05

SD 2.35 2.17 1.91 1.97 2.25 1.72

Range 0–8 0–8 0–8 0–7 0–8 0–8
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neurologically impaired control
cohort (n�140). Table 1 summarizes
sociodemographics by diagnostic
group. Table 2 presents scores
(mean, standard deviation, and min-
imum/maximum) on the 8 mDGI
tasks for the 6 groups.

Patterns of Performance as a
Function of Environmental
Dimensions
For the data used in this study, the
KMO and Bartlett tests supported
implementation of a factor analysis
(KMO test�.95, Bartlett test�
8034.75; P�.01). Given these
results, we proceeded with the EFA.

Results from the factor analysis
showed that a single-factor solution
explained 86% of the variance in
mDGI task scores. The 4-factor
solution explained 95% of the vari-
ance in task scores. After rotation,
each factor explained the following
variability in scores: factor 1�29%,
factor 2�28%, factor 3�20%, and
factor 4�18%.

Table 3 shows the final rotated com-
ponent matrix and the factor load-
ings (ie, the correlations between
task scores and the underlying fac-
tors) for the task scores. For the most
part, the correlations suggested that
task scores loaded as hypothesized.

Scores from 3 tasks loaded on the
first factor: horizontal head turns,
vertical head turns, and pivot turn.
These 3 tasks were designed to mea-
sure the postural transition environ-
mental dimension; therefore, we
named the first factor “posture.”
Scores from 4 tasks loaded on the
second factor: usual pace, change
pace, pivot turn, and around obsta-
cles. Given that usual pace and
change pace were intended to mea-
sure the temporal environmental
dimension, we named the second
factor “temporal.” Neither pivot turn
nor around obstacles tasks were orig-
inally intended to measure the tem-
poral dimension, yet loaded on (ie,
were strongly correlated with) this
factor.

One task, stairs, loaded on the third
factor; as the stairs task was origi-
nally intended to measure the terrain
environmental dimension, we
named the third factor “terrain.”
Finally, one task, over obstacles,
loaded on the fourth factor. This task
was intended to measure the density
environmental dimension (avoid-
ance of static and dynamic obsta-
cles); therefore, we named the
fourth factor “density.” In the origi-
nal design of the DGI, the around
obstacles task was intended to mea-
sure the density environmental

dimension; however, this analysis
did not support that design. In addi-
tion, the pivot turn task loaded on 2
factors: temporal and postural.

Discussion
The utility of any clinical measure
requires clear guidelines for adminis-
tering, scoring, and interpreting
results. Previous articles have
focused on expanding and clarifying
the scoring system of the mDGI.3,4

The current study extended this
research by investigating the under-
lying environmental dimensions
framework used to select the tasks of
the DGI (and mDGI) and to interpret
scores. In addition, this study
explored the clinical implications of
this model in the assessment and
treatment of mobility disability.

Evidence for an Environmental
Model of the DGI
The DGI, as well as the mDGI, was
designed to measure overall ability to
engage in complex walking tasks
requiring dynamic balance. How-
ever, walking takes place in a variety
of environmental contexts. There-
fore, the DGI was designed to repre-
sent a range of those contexts. The
theory underlying the choice of tasks
involves 8 environmental dimen-
sions (attention, temporal, distance,
ambient, physical load, terrain, den-
sity, and postural transitions).1 Four
of the 8 dimensions are represented
in the DGI. One major goal of this
study was to obtain evidence to sup-
port the validity of the theory under-
lying the measure. In the EFA, a
single-factor solution explained 86%
of the variance. Therefore, one fac-
tor is sufficient to represent the pri-
mary function of the measure—to
assess dynamic balance underlying
complex walking task performance.
Evidence to support the environ-
mental dimensions selected as the
focus for the DGI was found when a
4-factor solution was run. This model
explained 95% of the variance and
allowed examination of the validity

Table 3.
Dynamic Gait Index (DGI) Task Factor Loadingsa

DGI Total Task Score
Factor 1
(Posture)

Factor 2
(Temporal)

Factor 3
(Terrain)

Factor 4
(Density)

Usual pace .450 .677 .331 .412

Change pace .436 .666 .361 .418

Horizontal head .788 .370 .295 .338

Vertical head .741 .429 .332 .316

Pivot turn .540 .649 .433 .190

Over obstacles .416 .386 .417 .688

Around obstacles .428 .603 .358 .493

Stairs .332 .348 .812 .321

a Shaded cells signify the variables that loaded on each of the 4 factors.
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of the environmental model. For the
most part, tasks loaded as expected
on the 4 environmental dimensions
that were the basis for development
of the DGI.

Patterns of Performance as a
Function of the 4-Factor
Environmental Model
As expected, horizontal head turn,
vertical head turn, and pivot turn
loaded together on (correlated with)
a single factor. However, the pivot
turn task loaded on an additional fac-
tor. This finding had not been
expected. In the original design of
the DGI, these tasks were thought to
represent the postural transitions
dimension. In the current study,
scores on 1 or more of the 3 tasks in
the postural transitions dimension
were significantly different from the
control group in all 5 groups. This
finding is consistent with previous
research demonstrating that, com-
pared with older adults without dis-
ability, older adults with mobility
disability make fewer postural transi-
tions during community ambula-
tion.8 This finding suggests that an
inability to meet demands in the pos-
tural transition dimension is an
important contribution to the devel-
opment of mobility disability in both
geriatric and neurologic populations.
Several researchers have suggested
that the vertical and horizontal head
turn and pivot turn tasks reflect a
subset of tasks that place special
demands on the vestibular system
and, therefore, should be in a sepa-
rate category from the broader cate-
gory of postural transitions.9–11 Our
data do not support this proposal.
The range of performance on these
tasks across all groups was 0 to 8,
indicating that not all individuals
within the vestibular group per-
formed poorly on these 3 tasks (as
shown by a score of �6), whereas
some individuals in the other diag-
nostic groups did (as shown by a
score of �2). Thus, we do not
believe that poor performance on

these tasks can be attributed solely
to problems within the vestibular
system, and we suggest they remain
in the broader category of postural
transitions.

Consistent with the original pro-
posed framework, scores on the
usual pace and change pace tasks
loaded together on a second factor:
the temporal dimension factor. How-
ever, both the around obstacles and
pivot turn scores did as well. This
finding was not consistent with the
original framework, which placed
the pivot turn task within the pos-
tural transition dimension and the
around obstacles task within the
density dimension. Factor analysis is
a process by which observed scores
are grouped based on statistically
similar patterns. The finding that
these 4 tasks grouped together in the
factor analysis suggests that the phys-
iological demands for these 4 tasks
were similar. All 4 tasks are per-
formed on a firm, flat surface, with
patients pacing themselves. Gait pat-
tern scores for these tasks have the
lowest (easiest) difficulty parameters
on the underlying Rasch scale (see
Rasch person-item map figure in
Shumway-Cook et al3), suggesting
that all 4 of these tasks require min-
imal modification to the GP. In con-
trast, over obstacles and stairs tasks
require modifying the GP in order to
manage changes in terrain. Horizon-
tal and vertical head turn tasks
require listening for and timing
movement in response to the tester’s
cues. Thus, these 4 tasks are all more
challenging, although for different
reasons.

Finally, one task, over obstacles,
loaded on the fourth factor. This task
was intended to measure the density
dimension (avoidance of static and
dynamic obstacles); therefore, we
named this factor “density.” In the
original design of the DGI, the
around obstacles task also was
intended to measure the density

dimension; however, this analysis
did not support that design. As dis-
cussed above, it is evident that the
pattern of scores for the around
obstacles task was more similar to
score patterns for usual pace, change
pace, and pivot turn tasks than the
pattern of scores for the over obsta-
cles task.

Clinical Applications to
Intervention
This research provides partial sup-
port for the underlying environmen-
tal model upon which tasks for the
original DGI were selected. Support
for this model is important in light of
the proposed framework for treating
mobility disability based on informa-
tion from the DGI.2 In this frame-
work, performance on the 8 DGI
tasks is used to identify the specific
environmental dimensions contrib-
uting to mobility disability within an
individual. This information guides
the selection of therapeutic strate-
gies to improve mobility function
within the specific dimensions iden-
tified through testing. The DGI tasks
are meant to be indicators of func-
tion within a specific environmental
dimension, not an all-inclusive list of
tasks within that dimension. Thus,
when a limitation is identified within
a specific dimension, a range of
tasks, not just those identified in the
mDGI, should be incorporated into a
therapeutic program. For example,
previous research has indicated that
community mobility requires many
postural transitions, including starts
and stops; change in posture (eg, sit-
to-stand, sit-to-walk); changing direc-
tion; walking forward, backward,
and sideways; modifying step width
and length; reorientation of head
independent of a change in direc-
tion; leaning over or forward; and
reaching. Postural transitions are
considered an integral part of com-
munity mobility and impose
demands on the balance control sys-
tem over and beyond those encoun-
tered during steady state walking.1,8
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Therefore, a therapeutic program to
improve function in the postural
transitions dimension should include
practicing not just the tasks specified
in the DGI (eg, horizontal and verti-
cal head turns and pivot turns) but
also any task within this dimension
that is impaired.

A limitation of the DGI (and by
extension the mDGI) is that the cur-
rent selection of tasks represents
only 4 of the 8 environmental dimen-
sions proposed by Patla and
Shumway-Cook.1 The 4 dimensions
not found in the DGI were the dis-
tance dimension (the ability to walk
a minimum distance of 400 m), ambi-
ent dimension (the ability to walk in
various lighting and weather condi-
tions), attention dimension (the abil-
ity to walk under multitask or novel
conditions), and physical load
dimension (the ability to walk and
carry static or dynamic loads and the
ability to push or pull heavy objects
such as doors). Thus, therapeutic
programs to improve mobility func-
tion based solely on performance rel-
ative to the 4 dimensions from the
DGI (or mDGI) may be incomplete
and should consider an individual’s
performance on not only a broader
range of tasks within the 4 repre-
sented dimensions but also tasks in
the other 4 dimensions. Finally, we
suggest that future efforts to modify
the mDGI should focus on the addi-
tion of mobility tasks in the non-
represented environmental dimen-
sions rather than the addition of
more tasks in environmental dimen-
sions already represented in the
measure.

Limitations
This study had several limitations.
First, there were different sample
sizes in each of the groups included
in this analysis. The results may be
biased by the particular individuals
in each group, particularly for the

groups with the smaller sample
sizes. Individuals recruited for the
current patient samples were volun-
teers and were actively receiving
physical therapy. Therefore, their
results may not be representative of
the performances of the larger
patient population. Another limita-
tion was that several groups
included in the original sample were
not included in this analysis due to
insufficient sample size. Therefore,
the results cannot be generalized to
all patient populations. A third limi-
tation is that specific information
related to each medical diagnosis
(eg, time since onset, severity of con-
dition) was not available.

Future Research
Future research should focus on the
sensitivity and specificity of the
mDGI in predicting fall risk using
prospective fall data. In addition,
research establishing the minimal
clinically important difference is
needed. Increasing our understand-
ing of the performance facet scores
is needed, including the treatment
strategies used to affect each aspect
of performance and how change in
one aspect of performance affects
the others as well as the total score.

In conclusion, scores from the mDGI
provide insight into some of the
underlying environmental dimen-
sions contributing to mobility dis-
ability in an individual patient. This
information can be used to deter-
mine priorities and select treatment
strategies to improve mobility func-
tion, specifically the ability to adapt
gait to environmental demands asso-
ciated with walking in the commu-
nity. The strength of the research on
the mDGI supports its utility in both
clinical and research settings.
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