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Abstract. A novel entry-level collaborative clinical learning experience (CLE) in pediatric physical therapy (PT) delivered
via telehealth was implemented involving 12 families, 54 DPT students, and 12 clinical instructors (CIs). Children of various
ages, a wide range of home environments, and diagnoses received individualized PT via telehealth during a four-week CLE.
Retrospective quantitative and qualitative analyses of student documentation, video recordings of sessions, and CI, student,
and caregiver survey responses were performed. All children demonstrated qualitative improvements and 73% demonstrated
quantitative improvements. CIs, students, and caregivers believed the children benefited from the experience and 98% believed
the children were able to work toward their goals. Most students (95%) and CIs (100%) felt that it was a valuable and effective
learning experience. Most (>71%) CIs and students believed students were able to learn in all relevant domains of the clinical
performance instrument. This model provides a unique CLE for students in both pediatric PT and telehealth.
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1. Introduction

The utilization of the telehealth delivery of ser-
vices to children has increased exponentially in recent
years due to the COVID-19 pandemic [1]. Telehealth
allows for increased access to care for those who
were previously unable to receive services due to
geographic location, transportation issues, financial
burdens, mobility concerns, or environmental and
physical barriers [2–4]. In the context of the pediatric
population specifically, the flexibility of telehealth
decreases the family burden by decreasing the time
taken off work, school absences, transportation of
medical equipment to appointments, and the need to
find care for other children in the home [5–9]. The
efficacy of the telehealth delivery of physical therapy
(PT) is generally supported in the literature across
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adult populations [10–16] but the literature on the
telehealth delivery of PT in pediatrics is extremely
limited [17–20]. Camden et al. [20] examined the
effectiveness of telerehabilitation in children in a
systematic review of 23 studies and reported that
while the majority of the evidence focused on behav-
ioral outcomes, the limited evidence that examined
functional and motor outcomes suggests that telere-
habilitation is effective.

Although evidence is lacking for the telehealth
delivery of PT in pediatrics, the telehealth delivery of
services promotes the cornerstone practices of pedi-
atric PT including treating children in the natural
environment (home) and utilizing a family-centered
approach that fosters caregiver engagement. Pre-
liminary evidence suggests that long-term cognitive
development, motor development, and school perfor-
mance are improved with treatment within the home
[21–24]. Additionally, families report increased com-
petence in caring for their children when services
are provided in the home [25]. Furthermore, a
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meta-analysis of the evidence examining pediatric
rehabilitation suggested that, when interventions are
more family-centered in their orientation, the out-
comes are more positive for the parent, family, and
child [26]. Since the therapist performing telere-
habilitation is requisitely hands-off, the nature of
telehealth requires a more family-centered approach
with a focus on caregiver-implemented interven-
tions. That said, because telehealth requires complete
engagement of the family, it may not be appropriate
for some families who may be limited by intellectual
capacity, digital or health literacy, or communication
abilities.

The necessary involvement of the family in tel-
erehabilitation should positively impact outcomes
logically. This theory is supported by a recent
qualitative analysis of a pediatric telehealth reha-
bilitation experience [18]. While studies provide
preliminary evidence to support the efficacy of
caregiver-implemented interventions on improving
fine motor and gross motor skills in children [22, 27],
research on the benefits of parental engagement in
PT is limited and inconclusive [28]. Parental engage-
ment is consistent with the coaching and hands-off
role of the therapist in the “COPing with and CAring
for infants with special needs” (COPCA) approach
that targets active participation of the caregivers in
early intervention and has shown great promise in the
literature [29, 30]. The coaching approach is associ-
ated with improved motor development in children,
improved caregiver confidence and engagement, fam-
ily empowerment, and improved quality of life for
both the caregivers and family as a whole [24, 25, 29,
31–36].

The landscape of healthcare has changed as tele-
health has taken hold and, with this change, the
education of future clinicians in telehealth service
delivery must be considered. During the COVID-
19 pandemic, more than 35% of pediatric therapists
reported that over 75% of their caseload transitioned
to telehealth and 76.1% of these therapists reported
that they would consider providing telerehabilitation
in the future [17]. However, only 14.6% had formal
training in telerehabilitation [17]. The Federation of
State Boards of PT has released recommendations for
physical therapist practice through telehealth. Also,
the American Physical Therapy Association (APTA)
House of Delegates has endorsed telehealth as a deliv-
ery model [37–39]. The APTA has also developed
a certificate series for the telehealth delivery of PT
speaking to the need for education in this area [40].
Entry-level programs must therefore consider this

shift towards increased telerehabilitation exposure
when designing curricula to prepare future clinicians.
Clinical educators across multiple disciplines believe
that services delivered via student-led telehealth can
meet the client’s needs and also achieve student learn-
ing outcomes [41]. Interestingly, a concern of clinical
education via telehealth was a perceived decrease in
efficiency when telehealth sessions were led by indi-
vidual students. Specifically, educators felt that more
time was needed to supervise students [41]. How-
ever, the clinicians believed that student preparation
for telehealth prior to clinical placements was critical
[41]. A recent qualitative case analysis of a collabora-
tive pediatric PT clinical learning experience (CLE)
integrated into the didactic curriculum with peer-
to-peer learning provided a potential model for the
integration of telehealth clinical education into entry-
level PT curriculum [18]. The purposes of the present
study were therefore to (1) describe a CLE in pedi-
atric telerehabilitation for entry-level students across
a variety of pediatric diagnoses and demographics,
(2) to describe the interventions and outcomes associ-
ated with the telerehabilitation provided in this CLE,
and (3) to examine the feasibility and acceptability
of this model of pediatric PT delivery and clinical
education.

2. Methods

2.1. Model description

As part of an entry-level pediatric PT course,
groups of three to four students conducted an in-
person examination of a child with their family under
the supervision of a licensed physical therapist (called
a clinical instruction [CI]). This in-person learning
experience was intended to continue with interven-
tion on a weekly basis but was discontinued after
the examination due to the COVID–19 pandemic. In
response, the learning experience transitioned to tele-
health. The CIs, students and the legal guardians of
the children provided written informed consent for
participation in the sessions, video recording of all
sessions (in person and via Zoom), and dissemination
of findings.

Over a period of four weeks, these groups of three
to four students completed four to five 60-minute
telehealth pediatric PT sessions. The telehealth ses-
sions with the children were provided in their homes
with caregivers and siblings present (as this occurred
during the COVID-19 pandemic). All sessions were
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carried out and recorded using password-protected
Zoom video conferencing (Zoom Video Communi-
cations, San Jose, CA). All Zoom video recordings
were stored in password-protected folders on the
researchers’ computers and adherence to the HIPAA
compliance checklist for videoconferencing was
ensured [42]. In addition, all sessions were supervised
by a CI who was a licensed physical therapist with
prior experience treating pediatric populations. Stu-
dents submitted documentation which included the
history and examination, PT goals, and progress notes
as a part of the CLE.

2.2. Participants: Students, CIs, and families

Twelve CIs, including four DPT faculty mem-
bers, and 54 second-year entry-level DPT students
participated in the experience. Twelve children with
disabilities and their families were recruited from
local pediatric physical therapists to participate.
There were nine boys and three girls ranging in
age from 22 months to 19 years with a variety
of diagnoses and functional levels. The data from
one child/family could not be analyzed because the
video recordings were not saved and therefore not
available to the researchers resulting in data anal-
ysis of 11 children (eight boys and three girls).
The caregivers who participated in the sessions,
the level of sibling involvement, and the learning
opportunities can be seen in Table 1. Learning oppor-
tunities were defined as the resources available for
motor learning and development. Literature supports
the importance of learning opportunities in child-
hood development using resources including space,
equipment and toys, caregiver/family availability and
time [43].

2.3. Collaborative telehealth learning
experience procedure

Prior to the telehealth experience, the students
and CIs reviewed and discussed guidelines for
telehealth practice and key principles for the deliv-
ery of PT through telehealth [42, 44, 45]. This
preparation included viewing recorded telehealth ses-
sions followed by discussion and role playing. The
discussions and role playing were focused on prepa-
ration for the visit, management of technology and
maintaining a video presence, interpersonal skills
including verbal communication, and client privacy
and safety. Expected challenges and strategies to
overcome these challenges were also discussed prior

to the experience. The procedure for the learning
experience was modeled after the one previously
described [18].

The students conducted a telehealth preparation
visit via Zoom with each family to gather additional
history and subjective information from the care-
givers. Also, they evaluated the home environment
and available learning opportunities for each child
under the supervision of a CI. After this initial tele-
health visit, each student developed a long-term goal
for the child based on the in-person examination data,
the goals of the child and family, and the child’s
home environment. All goals were discussed with
the licensed pediatric PT faculty and families, and
revised as appropriate. Students also developed and
documented a plan of care to address their goal under
similar faculty direction and family consultation dur-
ing the remaining three to four PT sessions. The
students met as a group to discuss and plan prior to
each session, then emailed the caregivers the overall
plan for the visit with a list of activities and materials
they might use. This plan included any preparation
needed before the visit (e.g., placing a constraint on
the child’s left hand 10 minutes before the session
to prepare for constraint induced movement therapy
during the session) [46]. Each student was respon-
sible for directing a portion of the session while the
other students actively observed. During each ses-
sion, the Zoom chat feature was used by the CIs to
direct students on how to enhance, modify, or pro-
ceed with the interventions, as well as provide direct
feedback on the students’ performance, critical analy-
sis, and active observations. Students used the chat to
provide feedback to peers to enhance the intervention,
or the flow of the session, and to share their obser-
vations with the group. The chat was visible to all
participants, including the caregivers, which allowed
them to appreciate the feedback and direction the stu-
dents were receiving from their peers and CI (as they
would during an in-person experience). At the out-
set of the experience, the purpose of the chat was
explained to the caregivers who were directed to limit
their attention to or close the chat at their discretion to
minimize interference to both the family/child and the
student/family interaction. Upon completion of each
session, the family left the Zoom video conference,
and the students and supervising CI remained on the
Zoom call to discuss their reflections from the ses-
sion. Students documented a progress note for each
session. The learning experience did not include a dis-
charge assessment as the focus of the experience was
on the provision of therapeutic interventions. In addi-
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Table 1
Physical therapy participant characteristics

Child Gender Age Diagnosis Caregivers Involveda Siblings Sessions Learning
Involved (Days)b Opportunities

L1 Female 4 years CMV Grandmother One Older 5 (23) Adequate
2 Male 19 years CP: Spastic Diplegia &

ASD
Mother None 5 (9) Adequate

3 Male 22 months CP: Spastic Hemiplegia Mother and Father None 4 (22) Extensive
4 Female 8 years CP: Spastic Diplegia Grandmother None 5 (24) Limited
5 Male 9 years ASD Grandmother None 5 (14) Limited
6 Female 15 years CP: Spastic Hemiplegia Mother Multiple 5 (13) Extensive
7 Male 9 years CP: Spastic Hemiplegia Mother and Father None 4 (24) Extensive
8 Male 9 years Nuclear Factor 1 X

Deficiency
Mother One Older 5 (14) Adequate

9 Male 8 years Angelman Syndrome Mother and Father One Older 5 (17) Adequate
10 Male 8 years Rett Syndrome & ASD 2 Contracted Caregivers None 5 (20) Limited
11 Male 10 years CP: Spastic Quadriplegia Mother Multiple 5 (18) Extensive

aCaregivers who participated in telehealth PT sessions. bTotal number of PT sessions the child participated in and the number of days between
the first and last session. CP: cerebral palsy; CMV: cytomegalovirus; ASD: autism spectrum disorder.

tion, while recommendations have been published on
performing assessments via telehealth in the pedi-
atric population since the time of the CLE [7, 47],
there is very limited evidence about the use of motor
assessments via telehealth in adults with neurologic
conditions [48, 49] and only one study was identified
specifically in the pediatric population [50].

2.4. Provision of PT services

Three to four PT goals were set for each child lead-
ing to therapeutic focuses (Table 2). Goals focused
on dynamic and static balance in various positions
or activities, quantitative (e.g., percentage of reaches
with the more involved extremity) and qualitative
(e.g., use of a more precise vs. crude grasp) use
of the upper extremity, gait quality, coordination,
achievement and maintenance of various develop-
mental positions, and aerobic fitness.

A variety of interventions were performed to tar-
get the goals designated for each child based on their
functional level (Table 2). The low-functioning group
was defined as being unable to stand without exter-
nal support, the middle-functioning group as being
able to stand and walk without upper extremity sup-
port, and the high-functioning group as being able
to run and jump. For example, with goals related to
balance training, children who were lower function-
ing performed interventions such as stepping over
obstacles, standing still without upper extremity sup-
port, and reaching outside their base of support.
Those categorized as middle functioning performed

interventions such as clearing higher obstacles, main-
taining balance in a single limb stance position,
and ambulating without losing balance while hold-
ing an item with their upper extremities. Children
categorized as higher functioning completed bal-
ance interventions such as ambulating over compliant
surfaces, navigating obstacles of varying heights,
maintaining single limb stance, and catching a ball
without losing balance.

Each of the 11 children had different learning
opportunities. Some had limited learning opportu-
nities including one who lived in a group home,
while others had extensive ones available to them.
For those who had more resources available, there
was a greater opportunity for incorporation of those
resources into the treatment plan with the use of a
variety of toys and other items. For example, one
child had a trampoline which was used in treatment.
Those with limited resources required greater creativ-
ity from the students and families for intervention
implementation. In every case, various items were
used in place of traditional PT clinical tools such
as using couch cushions as a compliant surface or
a tissue box as an obstacle to step over. The chil-
dren’s siblings assisted in therapy in several ways
including holding the camera, helping to stabilize the
child being treated, helping to pass an item back and
forth, retrieving items needed for the session, and
demonstrating the activity to the child (e.g., follow the
leader). In one case, an older adult sibling, with help
from additional siblings, directed the session when
their mother was not available for that session.

CORRECTED PROOF



C
.M

cK
enzie

etal./A
nalysis

ofa
m

odelfor
pediatric

physicaltherapy
and

clinicaleducation
via

telehealth
5

Table 2
Therapeutic sessions and outcomes

Low Functional Levela

Child Exemplar Therapeutic Focus Target Behaviors Pre/Postb Observations
Illustrative Intervention(s) Operational Definition

1 Facilitation of developmental positions
Prone prop with cushions to support upper
trunk; Tall kneeling with chair support

Prone Prop Stability
Time(s) in prone prop (upper trunk off the floor,
elbows anterior to shoulders)

19.62/34.04 Progressed ability to maintain stability
from non-compliant to compliant surface

Stable Tailor Sit
Time(s) in upright tailor sit with head and trunk
within 10 degrees of midline with external
support provided no higher than pelvis

4.56/35.69 Caregiver improved ability to stabilize
the child at an appropriate level

Stability in Extended Arm Prone
Successful attempts (%) with bilateral UE
extended in prone

0/0

9 Balance Training
Obstacle course for gait, balance and
facilitation of transitional positions using toys of
various heights; “Flamingo pose”: Single limb
stance with caregiver providing UE support and
cueing

Dynamic Balance During Gait
Percentage of attempts a 4-inch obstacle was
cleared when walking independently

0/0 Caregivers initiated interventions outside
of scheduled therapy sessions

Static Standing Balance
Mean number of seconds in static stance without
UE support or stepping strategies

0/2.56 Caregivers improved cueing and level of
assistance needed to perform
interventions

Strengthening of bilateral LEs
Dynamic squatting with peanut ball between
LEs; Standing hip flexor strengthening in single
limb stance with bilateral UE support

Child increased the number of stairs he
was able to ascend and descend
Child was able to initiate stair climbing
with less cueing

11 Facilitation of weight bearing and co-contraction
of hip and shoulder girdle
Quadruped positioning; Transitioning from
quadruped to tall kneeling while rubbing
shaving cream on vertical surface; Wheelbarrow
walks with weight bearing through shoulder
girdle

Static Balance
Percentage of successful attempts child reached
across midline while maintaining balance in
sitting without upper or lower extremity support

64.62/100 Caregivers involved siblings in the
therapy sessions
Caregiver confidence improved with
instructing and directing therapeutic
interventions
Student communication to caregivers
improved

Facilitation of weight shifting in stance
Cruising around table to retrieve and open DVD
case to find a cartoon character toy

Gait Quality
Mean number of steps the child took
independently while cruising around family table

2.13/1

Facilitation of UE grasp in sitting and standing
Music utilized to initiate UE reaching; Child
motivated to reach for candy

Precision of Grasp
Percentage of successful attempts child held a
spoon with a palmar supinate grasp during
feeding compared to use of other grasp types

0/40

(Continued)
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6
C

.M
cK

enzie
etal./A

nalysis
ofa

m
odelfor

pediatric
physicaltherapy

and
clinicaleducation

via
telehealth

Table 2
(Continued)

Middle Functional Levela

2 Facilitation of transitional positions
Musical chairs to perform sit to stand transfers

Trunk Stability in Standing:
Successful attempts (%) during reaching task in
unsupported standing in which there was
minimal postural sway and no stepping strategy

18.5/10 Caregiver improved level of preparation
for therapy sessions

Balance Training/LE strengthening
Single limb stance kicking a soccer ball

Single Limb Stance
Percentage of time in single limb stance with
single UE support with minimal pelvic
movement or trunk sway

0/12.83 Students improved rapport and
communication with caregiver and child
in the context of language barrier

Stair Training
Facilitation of appropriate sequencing on stairs

Reciprocal Stair Climbing
Percentage of steps foot cleared 7-inch step
using unilateral UE support

0/25 Child improved initiation of a reciprocal
pattern during stair climbing

4 Core strengthening/Postural Control
Sitting on large therapy ball while performing
BUE activity; Tall kneeling on a couch cushion
with ball toss

Postural Control: Single Limb Stance
Mean number of seconds in unsupported SLS
without stepping strategy

0/0 Caregiver improved ability to instruct
and encourage the child during therapy
sessions

Stability in Tall kneeling
Percentage of reaches in tall kneeling without
loss of balance or protective response

28.5/36.67

Facilitation of fine motor skills
Chalk drawing on deck with cues for dynamic
tripod grasp; Placing beads on a string

Precision of Writing Grasp
Percentage of initial grasps in writing tasks that
utilized static/ dynamic tripod grasp

75/58.33

6 Balance Training
Stepping over tissue boxes, Tupperware and
other household obstacles; Ambulation on grass
including kicking and picking up rainbow
playground ball
Ambulation on couch cushions

Dynamic Balance in Standing
Percentage of attempts a 6-inch or greater
obstacle was cleared without loss of balance or
stepping strategy

56.75/75 Caregivers improved level of preparation
for the therapy sessions

Siblings helped with interventions and
holding the camera

Strengthening of bilateral hip extension
Squat training; Step stance at the counter
focused on hip extension

Gait Quality
Percentage of steps taken with hip extended
beyond neutral during stance phase

14.40/8.93 Student confidence improved and rapport
was established with caregivers and
patient

Facilitation of UE use during ambulation
Completion of obstacle course while carrying
household objects on a lunch tray

Dual Task Performance
Mean amount of time a lunch tray of items was
carried while ambulating prior to loss of
balance or dropped objects

8.925/9.80

CORRECTED PROOF



C
.M

cK
enzie

etal./A
nalysis

ofa
m

odelfor
pediatric

physicaltherapy
and

clinicaleducation
via

telehealth
7

7 Gait Training
Stepping over a stack of books to initiate foot
clearance

Gait Quality: Foot clearance
Percentage of steps taken on R in which there
was no contact with floor during swing phase

46/63.5 Caregiver confidence and ability to
provide the appropriate amount of
positive feedback improved

Dynamic Balance Training
Obstacle course incorporating stepping on
sensory discs and couch cushions

Dynamic Balance During Gait
Percentage of steps without use of UE support or
stepping strategy to maintain balance

50/88 Students improved communicating
feedback with caregivers

Facilitation of grasp and release
Turning pages of book for functional pincer
grasp; Facilitation of reaching with R UE;
Reaching for favorite toy to push buttons

Precision of Grasp
Percentage of grasps with R in which a pincer
grasp was utilized (vs crude grasp) without
verbal cues

9/60.6

10 Stair training
Ascending/descending stairs in home with use of
handrails with focus on alternating steps

Stair Climbing
Mean number of seconds to ascend and descend
the full flight of steps in home

40.84/110.1 Although time to complete stairs
increased, the child increased the number
of alternating steps taken in a row with
fewer verbal cues from caregivers

Facilitation of postural reactions and bilateral
UE reaching
Reaching for food in supported standing at
counter; Reaching for beads placed on the floor

Successful Reaching in stance Percentage of
successful attempts to grasp a small object
placed outside of base of support with either UE

0/51.48 Caregivers improved ability to
incorporate appropriate incentives
throughout the therapy sessions

Dynamic Balance training
Side stepping between chair and table

Dynamic Balance in stance
Percentage of successful attempts child squatted
to pick up an object and returned to stand
without support

55.19/50 Caregivers improved verbal and tactile
cues and feedback

High Functional Levela

Child Exemplar Therapeutic Focus(s)
Illustrative Intervention(s)

Target Behaviors
Operational Definition

Pre/Postb Observations

3 CIMT
Placing toy cars in paper towel tube taped
vertically to wall with constraint on

Right-Hand Usage
Percentage of times child purposefully grasped
and released an object with his R hand without
verbal cues

40.75/76.8 Caregiver initiated therapeutic
interventions outside of scheduled
therapy sessions

Stair training
Ascending and descending stairs and playset
ladder to increase strength and facilitate
reciprocal gait pattern

Stair Climbing
Percentage of steps negotiated with an
alternating pattern

14.08/0 Noted improved quality of trunk
movement during stair climbing

Balance training
Jumping on outdoor trampoline with decreasing
levels of external support

Balance
Percentage of attempted ball catches in standing
without the use of a stepping strategy

17.3/0 Caregiver expressions of stress and
anxiety during sessions decreased over
time

Dynamic Balance
Percentage of steps taken on a compliant surface
in which the child maintained an upright
standing position

40.9/42 Child required less external support
during activities

(Continued)
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(Continued)

5 Facilitation of bilateral coordination
Basketball throwing and bouncing with BUE;
Jumping jacks

Coordination/Bilateral Integration
Percentage of jumping jacks performed with
simultaneous and coordinated UE and LE
movement

29.07/29 Caregiver confidence improved with
instructing and directing therapeutic
interventions

Dynamic Balance training
Kicking soccer ball; Playing basketball

Dynamic Standing Balance and Coordination
Percentage of attempts ball was successfully
kicked the first time without stepping strategy

0/0 Students’ confidence and level of
organization for the therapy sessions
improved

Single Limb Stance
Mean number of seconds in unsupported SLS
without stepping strategy

2.92/3.22 Students improved in the use of
demonstration of skills

8 Facilitation of transitional positions
Duck Duck Goose game to initiate sit to stand
from the floor

Floor transfer
Percentage of successful floor to stand transfers
completed within 15 seconds

40/85.95 Caregiver improved ability to involve
siblings in treatment sessions effectively

Balance Training
Obstacle course was navigated for gait, balance,
and facilitation of transitional positions using
everyday household items including kitchen
table and chairs

Dynamic Standing Balance Percentage of
obstacles on floor successfully navigated while
ambulating without use of UE support or
stepping strategies

33.52/64.3 Siblings helped initiate the interventions
and improved level of assistance without
interfering with therapy session

Facilitation of grasp and release
Placing marble in track that was vertically
attached to refrigerator

Fine Motor Precision
Percentage of successful attempts where marble
was placed in track at eye level or higher

58.35/0 Progressed to using more challenging
equipment during balance training

aThe children were categorized into three groups based on ability level: low, middle and high functioning. The low functioning group was defined as being unable to stand without external support,
the middle functioning group as being able to stand and walk without upper extremity support, and the high functioning group as being able to run and jump. bBold indicates an improvement
between pre and post treatment (unit of measurement either percentage or mean based on operational definition). BUE: bilateral upper extremities; CIMT: contraint induced movement therapy;
LE: lower extremity; R: right; SLS: single leg stance; UE: upper extremity.CORRECTED PROOF
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2.5. Analysis of pediatric PT and CLE outcomes

All researchers performed an initial review of the
videotaped recordings and the student documenta-
tion. Given the challenges with measurement via
telehealth [18, 51] and that the researchers were
reviewing videotaped recordings and the student
progress notes, the researchers were unable to per-
form direct objective outcome measures to evaluate
the child’s progress and therefore established target
behaviors. After the initial review of documentation
and video recordings, the researchers held several
consensus meetings to establish the target behaviors
and their operational definitions based on the goals
set for each child and the observed focuses of the
therapy (Table 2). Target behaviors were developed
to assess quantitative outcomes based on the thera-
peutic focuses for each child. Each recorded session
was then analyzed independently by two researchers
(CM, MT, CD, or AH) to assess the target behaviors
as well as subjective and qualitative outcomes. These
researchers did not participate in the CLE. Consen-
sus meetings were held to resolve any discrepancies
between reviewers.

Upon completion of the retrospective analyses
of the video recordings and documentation of the
experience, the researchers sought to examine the
participants’ perspectives on the feasibility and
acceptability of both the PT and CLE. To do this,
questionnaires were developed and distributed to the
caregivers, CIs, and students who participated in the
experience. The questionnaires were adapted from
published ones examining the feasibility and accept-
ability of similar models [52, 53]. Additionally, to
assess the perspectives regarding the CLE, ques-
tions were developed regarding how the experience
addressed relevant items evaluated on the Clinical
Performance Instrument (CPI), which is a validated
measure utilized to evaluate PT student performance
in their full-time CLEs [54]. The questionnaires were
piloted to two experts in survey development and
their feedback was incorporated prior to distribution.
The questionnaires were distributed electronically 18
months after the experience and data were analyzed
using Qualtrics Software (Qualtrics XM, Provo, UT).

3. Results

3.1. Outcomes: General observations

Over time, several observations were made in rela-
tion to the pediatric PT telehealth experience. At the

beginning of the sessions, caregivers seemed ner-
vous and provided limited assistance outside of what
was asked by the students. As the sessions contin-
ued, some caregivers reported they had initiated novel
activities outside of the scheduled telehealth sessions
related to the therapeutic focuses they were working
on within the sessions. An example included a care-
giver continuing the fine motor activity throughout
the week using small crackers and a small con-
tainer during snack time to encourage carryover and
progression of the activity. It was also noted that
caregivers asked more questions and provided more
input on new therapeutic ideas in order to better
assist their child during the therapy sessions in the
home as the sessions progressed. Inclusion of siblings
in sessions also increased over time. This appeared
to increase the engagement of the child in the ses-
sion and decrease caregiver stress associated with
caring for multiple children while participating in
the therapy session. Over time, siblings assumed
different roles within therapy sessions including per-
forming the interventions, encouraging their sibling
to actively participate in therapy, motivating their sib-
ling, and helping the caregiver manage the computer
or other device used for video communication. This
allowed the caregiver to increase focus on the inter-
vention, therapist instruction, and feedback.

Some technological issues were encountered
during the sessions which limited carrying out inter-
ventions and assessment of results. These issues were
experienced with six of the 11 children. The primary
issue was a weak or disrupted internet connection,
which often occurred when there was a change of
location of treatment within the home, moving room
to room, or when the session was relocated out-
side. The most common issues included a freezing
or delayed screen, poor quality audio, or a decrease
in the video quality. When these issues occurred,
observations became obscured and it was difficult
to visualize what was occurring at that point in
the session for the students and CIs carrying out
the interventions, as well as for the researchers’
video analyses. Of the six children with technologi-
cal issues, one child had issues during every session
while the others had issues occur in approximately
50% of the sessions. Poor internet connectivity
occurred primarily with those families using phones
rather than computers and those in more remote areas
with limited broadband service availability. It also
occurred frequently with those who changed location
during the sessions for interventions that required a
different room or being outside the home. Addition-
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ally, in some cases, the camera angle was not optimal
for viewing certain tasks. This occurred with approx-
imately 25% of the tasks analyzed. This was more
likely to occur when there was only one parent or
caregiver present, due to the difficulty of adjusting
the camera angle while implementing the treatment
and maintaining the safety of the child. These subop-
timal camera angles also occurred more frequently
in the higher-functioning children because the cam-
era had to be moved throughout the sessions since the
child was more mobile.

3.2. Outcomes: Response to PT

Based on video analyses, all 11 children made
qualitative and quantitative improvements in at least
one target behavior (Table 2). Quantitative improve-
ments were noted in 62.5% of the target behaviors
of the children in the low-functioning group and in
64.3% and 50% of the children in the middle- and
high-functioning groups, respectively. Children who
made progress in more target behaviors were more
likely to have more family members present during
the sessions while those who made less improve-
ment were more likely to have only one caregiver
participating, substantial distractions within the envi-
ronment, limited time between sessions, and limited
access to resources. For example, the four children
who had only one person present during the sessions
made progress in five of the 12 (41.7%) target behav-
iors while the seven children with more than one
person present (including siblings) made progress in
14 of the 21 target behaviors (66.7%).

Categorically, improvements were noted most in
target behaviors related to static balance, dynamic
balance, and stair navigation. All of the children with
static balance as a target behavior showed improve-
ment in this area, while 57% of the children with
dynamic balance as a target behavior improved.
While only 33% of children improved quantitatively
in stair navigation, all of the children demonstrated
qualitative improvements in stair climbing. Qual-
itative observations for improved stair navigation
included decreased verbal cues needed, increased ini-
tiation of a reciprocal pattern, and an increase in
the quality of trunk movement. Sixty-seven percent
of the target behaviors related to grasp and upper
extremity use and 71% of the target behaviors involv-
ing developmental and transitional positions showed
improvements. Qualitative improvements were seen
in transitional positions as noted through observa-
tions of progression to compliant surfaces, decreased

level of support required, and use of more challenging
equipment to complete tasks.

3.3. Outcomes: Perspectives of experience

Ten of the 12 (83%) CIs, seven of the 12 (58%)
caregivers, and 21 of the 54 (38%) students responded
to the survey. Seventy-six percent of student respon-
dents were female and the mean (standard deviation
[SD]) age was 26.3 (1.4) years. The amount of prior
experience with children (in any capacity) in stu-
dent respondents varied from no experience (5%) to
more than five years (29%). CI respondent demo-
graphics are presented in Table 3. Seventy percent
of CI respondents and 90.5% of student respondents
had little to no experience with telehealth prior to
this experience. Following this experience, the aver-
age level of student interest based on a 100-point
scale, ranging from no interest to complete inter-
est, increased in both pediatrics (45.2 to 52.9) and
telehealth (40.3 to 64.1).

3.4. Perspectives on the provision of PT

All CIs, students, and caregivers believed that the
children and caregivers were able to work towards
their PT goals during the experience. All Cis and
caregivers, as well as 95% of students, believed the
children benefited from the experience. In addition,
all CIs believed that the students were able to build a
connection with the caregivers, and 95% of students
said the same. Seventy-one percent of caregivers
believed they were able to build a connection with
the students but only 54% of the caregivers believed
the students were able to build a connection to the
child. Eighty-six percent of caregivers believed they
were able to effectively implement the interventions
as instructed via telehealth and the remaining 14%
were neutral on their ability. Ninety percent of the CIs
and 86% of caregivers believed they could understand
the clinical reasoning behind the PT interventions
delivered via telehealth while the remaining respon-
dents were neutral on their ability to understand the
reasoning. All of the caregivers reported that they
continued to implement some (80%) or all (20%)
of the recommendations provided during the expe-
rience with most caregivers reporting that the reason
for stopping implementation was shifting of goals and
child progress (Fig. 1).

CORRECTED PROOF



C. McKenzie et al. / Analysis of a model for pediatric physical therapy and clinical education via telehealth 11

Table 3
Clinical instructor demographics

Age (mean (SD)) 44.78 (9.92)

Gender (N (%))
Female 10 (100%)
Male 0 (0%)

Highest Academic Degree Earned (N (%))
Bachelor’s Degree 2 (20%)
Master’s Degree 2 (20%)
Doctorate Degree (DPT, tDPT, PhD) 6 (60%)

Highest Level Physical Therapy Degree Earned (N (%))
Bachelor’s Degree 2 (20%)
Master’s Degree 2 (20%)
Doctorate Degree 6 (60%)

ABPTS Board Certified Clinical Specialist (N (%))
Yes 4 (40%)
No 6 (60%)

Years practicing as a physical therapist (mean (SD)) 18.8 (10.43)

Years of pediatric clinical experience (mean (SD)) 15.8 (9.30)

Pediatric physical therapy practice settings (N (%))
Outpatient 8 (28%)
Inpatient 3 (10%)
Early Intervention 5 (17%)
Home care 1 (3%)
School setting 2 (7%)
Other (Aquatics, orthotics casting, telehealth, NICU) 2 (7%)
Academic 8 (28%)

Years of experience as a clinical instructor (mean (SD)) 16.1 (9.52)

Prior knowledge and experience with telehealth (N (%))
No knowledge or experience 2 (20%)
Familiar but little knowledge and no experience 5 (50%)
Extensive knowledge but no actual experience 0 (0%)
Some knowledge and experience 2 (20%)
Extensive knowledge and experience 1 (10%)

SD: standard deviation.

3.5. Perspectives on the CLE

All CIs and all students believed that it was a
valuable student CLE. All CIs and 95% of students
believed the CIs were able to effectively instruct, pro-
vide feedback, and promote student autonomy via
telehealth. Ninety percent of CIs and 86% of students
also believed that CIs were able to promote student
confidence through the learning experience. All CIs
and 86% of families felt that the students were able to
learn clinical skills through the experience while the
remaining 14% of families were neutral (Fig. 1A–C).

For 13 of the 15 relevant CPI domains, 90%
or more of CIs believed the students were able to
effectively learn. Eighty percent of CIs believed the
students were able to effectively learn in the remain-
ing domains (cultural competence and outcomes
assessment). For 10 of the 15 relevant CPI domains,
90% or more of the students believed they were able
to effectively learn. For the remaining domains, 86%

believed they effectively learned in screening, 81%
in examination, evaluation, and outcomes assessment
while 71% believed they effectively learned in diag-
nosis and prognosis (Fig. 2).

3.6. Qualitative perspectives

Students, CIs, and caregivers provided qualita-
tive perspectives comparing the in-person delivery
of PT and education to the delivery via telehealth
(Appendix). The most commonly reported benefit
of telehealth delivery by students and CIs was an
increase in family engagement in therapy because of
the “forced” nature of family involvement inherent to
telehealth.

Students, CIs, and caregivers commented on the
improved access to services with the telehealth deliv-
ery for both medically complex patients and patients
whose access is limited by distance. The telehealth
delivery was believed to be more convenient. One
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Fig. 1. Perspectives of the students (A), CIs (B), and caregivers (C) on the telehealth PT and learning experience from questionnaires. The
percentage of students (A), CIs (B), and caregivers (C) who agreed/ disagreed with statements regarding the ability to benefit from the
experience in regards to physical therapy intervention and student learning.

caregiver commented that it was less distracting and
overwhelming to the child, particularly with multi-
ple students present. The benefits of treating in the
child’s natural environment was noted several times
by both CIs and students, including the more mean-
ingful nature of treating in the child’s home with the
child’s family and toys.

In the area of student learning, several benefits of
telehealth were noted including increased autonomy,
learning of communication skills, patient/caregiver
education skills, developing creativity, and ability
to learn from peers. CIs also noted the benefit of
increased discussion with the group for reflection
without the family present (i.e., before and after the
family joined the session). Finally, it was noted that
having experience with telehealth is an important skill
for the future.

CIs, students, and caregivers expressed the benefits
of in-person therapy over telehealth. Manual contact
and assessment were the most common limitations
reported for telehealth. The lack of manual contact
was thought to limit demonstration, ability to assess
accurately, and provision of appropriate sensory cues.
Interestingly, one CI noted that the lack of hands-
on education might actually improve student skill
development in that it forced students to verbalize
the knowledge behind the skill. Challenges includ-
ing visualization, technology, and safety were also
noted with telehealth. Inability to visualize appeared
to limit the assessment of performance most. Inter-
personal connections and the ability to “play” were
considered better in-person. This viewpoint was more
strongly communicated by caregivers than it was by
CIs or students. One perspective that emerged from
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Fig. 2. Perspectives of the students (A) and CIs (B) on the student ability to learn clinical skills in the 15 relevant CPI domains. The percentage
of students (A) or CIs (E) who agreed/ disagreed with the statement “I feel that I was able to effectively learn clinical skills in the area of ()
through telehealth” is depicted. CPI: Clinical Performance Instrument.

the caregivers was the benefit of a hybrid model in
which the caregiver could learn in person and prac-
tice at home with guidance via telehealth. Caregiver
comments suggest that familiarity with PT improves
the telehealth experience.

4. Discussion

A retrospective evaluation was conducted of a
novel pediatric telehealth collaborative CLE in which
children with various levels of support and resources
and of various ages and diagnoses participated. Based
on empirical and subjective evidence, this model of
delivery for pediatric PT appeared to benefit the chil-
dren and their families. This report describes a model
for a clinical experiential learning experience for PT
students in both telehealth and pediatric settings that
was feasible, easily implemented, and had perceived
efficacy and benefits.

The current model illustrated the breadth and depth
of pediatric PT that is possible through telehealth.

The interventions implemented via telehealth ranged
from developmental positioning and facilitation of
fine motor skills, to higher level gait and balance train-
ing. Prior studies examining the telehealth delivery
of health care services in pediatrics have primar-
ily focused on therapies such as Applied Behavior
Analysis (ABA) to target children on the autism spec-
trum [55, 56]. The limited literature examining the
telehealth delivery of pediatric PT has focused pre-
dominantly on therapist perspectives of telehealth
service delivery [1, 17]. Outside of the single case
analysis from which the current report was based [18],
the present evaluation is the first report to describe the
nature of the interventions performed and the target
behaviors of pediatric PT via telehealth. The interven-
tions delivered via telehealth were able to capitalize
on the learning opportunities within the children’s
natural environment, such as with toy cars, paper
towel holders, couch cushions, chalk, playground
sets, trampolines, and play sets. While the lack of
typical therapeutic equipment was considered a chal-
lenge in this telehealth model by both therapists and
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students, this forced the students to be more creative
with their interventions which is a critical aspect of
pediatric PT. Furthermore, this lack of equipment is
a challenge faced by families trying to implement PT
interventions in the home. Because caregivers in the
present model reported using, adapting, and progress-
ing these learning opportunities in between sessions,
it is hypothesized that the utilization of resources
already in the children’s environments enhanced the
carryover. Because the treatment occurred in the
child’s natural environment in which they interact in
each day, the therapy itself was more meaningful [23,
47].

While students and instructors perceived exami-
nation and assessment as more challenging in this
telehealth model, empirical analyses of target behav-
iors suggested that the children progressed even
though the intensity and duration of the experience
were limited. Specifically, all of the children pro-
gressed in at least one target behavior and progress
was noted in a wide variety of target behaviors
across all of the children. The biggest challenges
reported in the present model related to lack of
hands-on assessment and difficulty observing the
children due to suboptimal camera angles or poor
internet connectivity. This has been widely reported
in the telehealth literature [5, 25, 56]. While rec-
ommendations have been published on performing
assessments via telehealth in the pediatric popu-
lation [7], there is very limited evidence on the
use of motor assessments via telehealth in adults
with neurologic conditions [48, 49]. Only one study
was identified specifically in the pediatric popula-
tion [50]. This is clearly an area in need of further
investigation.

The present study documented several important
observations over time in addition to changes in tar-
get behaviors. Across the cases, caregivers reported
feelings of stress and anxiety in performing the inter-
ventions due to the lack of manual assistance from
the therapists. The caregivers’ responsibility to main-
tain camera angles while simultaneously monitoring
the child’s behavior and attention and performing the
interventions appeared to instill a level of stress and
anxiety in the caregivers. However, the reports and
observations of caregiver anxiety decreased in most
of these cases as the sessions progressed and the care-
givers’ confidence appeared to increase. Therefore, a
hybrid model of service delivery in which in-person
sessions precede telehealth sessions might help to
mitigate the stress associated with implementation.
This hybrid model might also serve to enhance the

building of interpersonal connections that were per-
ceived to be more difficult with telehealth.

Sibling involvement in the sessions also increased
over time in the present study. For some, the presence
of siblings during therapy was initially distracting
and stressful for the caregivers but this decreased
over time as the siblings became more involved in
the therapeutic sessions. The siblings assisted the
caregivers with the intervention itself, motivated the
child to participate, and even assisted the parent
with technological support. Consistent with the liter-
ature [57], siblings positively influenced the learning
opportunities and rehabilitation of children with dis-
abilities. While the caregivers demonstrated and
reported anxiety with the telehealth experience due
to the responsibilities inherent in this mode of deliv-
ery, the active engagement of the caregivers appeared
to increase caregiver involvement in between ses-
sions. Such active engagement has been associated
with empowerment and confidence [17, 18] and is
consistent with findings reported with the utilization
of the coaching method [31, 32]. Enhanced care-
giver involvement has been associated with improved
motor development in the child and quality of life for
both the child and the family [30, 31, 34–36]. There-
fore, utilization of the model described in the current
study may not only increase the access of PT to fam-
ilies in remote areas, with transportation issues, or
medically fragile children, but it may also serve to
enhance outcomes associated with PT for children
and their families.

The novel collaborative learning experience
described in this report provided a model that can be
used to address the documented need for the integra-
tion of experiential learning into the didactic portion
of the curriculum in two critical areas: pediatrics and
telehealth [58, 59]. The experiential CLE described
appeared to be both feasible and effective based on
data triangulated from videotape analyses as well as
the perspectives of CIs, students, and caregivers. The
majority of CIs, students, and caregivers believed
this was an effective CLE. This experience was also
believed to promote the confidence and autonomy of
students, which was consistent with the qualitative
case analysis of this model from which the present
study was based [18]. While the CPI was not utilized
in the model described, as this model is not consid-
ered a clinical education experience, both students
and CIs believed that the CLE promoted the devel-
opment of most of the domains targeted on the CPI,
suggesting that this learning model would effectively
develop clinical skills. Given the challenges reported
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with examination and assessment, it is not surprising
that the domains associated with these skills were
considered to be least effectively learned through
telehealth.

There are several aspects of the current model that
may have contributed to the perceived student learn-
ing. First, the literature suggests that experiential
learning improves the understanding and applica-
tion of course material including professional skills,
interpersonal skills, and clinical skills [60–67]. Sec-
ond, the collaborative nature of this model, including
active observation, peer feedback (via the chat fea-
ture), treatment planning, and reflection (via planning
meetings and assignments) were consistent with the
enhanced learning reported in in-person collaborative
experiences [68–70]. In addition to the perception of
learning that occurred through this model, student
interest in both pediatrics and telehealth increased,
suggesting that the experience influenced not only
cognitive but also affective domains. Students and
CIs had minimal to no experience with telehealth
prior to the experience, but after the experience most
felt that telehealth should be continued as a venue
for service delivery. This speaks to the perceived
value of telehealth in clinical practice. Given that
touch and personal connection (two areas perceived
as limitations in the present model) are foundational
aspects of the delivery of PT, it will never be replaced
by telehealth. However, the widespread adoption of
telehealth due to the COVID-19 pandemic has illu-
minated the many benefits of this model in the years
to come. The perspectives reported in the present
evaluation along with those in the literature strongly
suggest that clinicians will continue to utilize tele-
health as a mode of service delivery, highlighting the
importance of developing effective learning experi-
ences in telehealth for future clinicians.

Limitations of the present study must be
considered. First, all analyses were completed ret-
rospectively after the model was completed. The
questionnaires were not distributed until 18 months
after the experience and therefore recall bias must
be considered. Second, established objective mea-
sures of the outcomes associated were not completed.
The literature supports the challenge of assessment
via telehealth [18, 51]. While recommendations have
been published on performing assessments via tele-
health in the pediatric population [7, 47], there is very
limited evidence about the use of motor assessments
via telehealth in adults with neurologic conditions
[48, 49]. Only one study was identified specifi-
cally in the pediatric population [50]. Future studies

are needed to examine measurement and assess-
ment through telehealth. Furthermore, the empirical
analyses in the present study were conducted on
recordings of sessions that were not intended to
be systematically analyzed. Inconsistent connectivity
and suboptimal camera angles limited the system-
atic analyses. Because the purpose of developing the
model was to provide an experiential learning expe-
rience in pediatric PT during the pandemic, objective
and validated assessments of both the efficacy of the
PT performed and the student learning were not com-
pleted. In addition, the model involved only four to
five sessions for each child, and therefore, limited
progress could be expected. Additionally, while 12
children and their families participated in the model,
the videotaped sessions could only be retrieved for
11 of the children. Nevertheless, the wide range of
child/family characteristics, the progress that was
observed, and the positive perspectives of CIs, stu-
dents, and caregivers strongly support the continued
implementation of this model for both the delivery of
service and clinical education. Systematic analyses
of child/family and student outcomes associated with
this model are warranted. While acceptable response
rates for research have certainly been declining [71],
the response rate for the student questionnaire (38%)
must be considered a limitation. The higher response
rates from caregivers and CIs and the consistency of
their perspectives with those found for students does,
however, support the trustworthiness of the student
data and the overall findings.

5. Conclusions

The delivery of pediatric PT via telehealth is fea-
sible and has perceived benefits and efficacy for a
wide range of children. This model provides a means
of increasing access to pediatric PT that utilizes the
natural environment and promotes family engage-
ment. Additionally, this model provides a unique
collaborative CLE for students in both pediatric PT
and telehealth that appears to be effective across all
domains based on the perceptions of CIs, students,
and families.
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