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We examined the effectiveness of using dolls to teach young children with tracheostomies to self-
administer a suctioning procedure. Four children between the ages of 5 and 8 years, who had had
tracheostomies for 6 months or longer, participated. After skills were taught via doll-centered
simulations, in vivo skills were evaluated. All of the training and probe sessions were conducted in
the participants' classrooms or homes. Results of a multiple baseline design across subjects and skill
components indicated that the performance of all children improved as a function of training. Skill
maintenance was demonstrated by all participants during follow-up assessments conducted 2 to 6
weeks posttraining. Results of a questionnaire completed by caregivers and interviews with the
children revealed high levels of satisfaction with the training procedures and outcomes.
DESCRIPTORS: simulation training, suctioning, tracheostomy, behavioral medicine

Use of tracheostomy, a procedure involving an
incision into the trachea and insertion of a tube
below the larynx to establish and maintain a patent
airway, has increased markedly in the past two
decades (Stool & Beebe, 1973). Infants and chil-
dren with airway obstruction as a result of defects
of the trachea may require tracheostomy for pro-
longed time periods (Ruben et al., 1982). Con-
comitantly, increasing numbers of children with
tracheostomies are being discharged to live at home
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with their families (Kennedy, Johnson, & Sturde-
vant, 1982).

Care of the tracheotomized child can be a de-
manding responsibility for family members. Suc-
tioning to remove secretions from the child's trache-
ostomy tube and trachea must be performed
regularly. Ideally, children learn to care for them-
selves, because reliance upon parents or the avail-
ability of capable caretakers for assistance with suc-
tioning can interfere with the child's independent
functioning in normal environments. Neef, Parrish,
Hannigan, Page, and Iwata (1989) noted, however,
that teaching self-performance of intrusive medical
regimens can present difficulties if it requires in-
vading the body solely for training purposes or if
the trainee is likely to make errors that are poten-
tially hazardous.

In these cases, simulation training represents an
alternative to in vivo instruction. Hannigan (1979)
and Neef et al. (1989) investigated simulation
training with a doll in teaching performance of a
medical regimen (self-catheterization skills) to chil-
dren. Results demonstrated skill generalization from
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doll-centered simulations to self-administration. The
reported advantages of doll training induded min-
imizing the participant's embarrassment, permit-
ting repeated instructional trials in a manner that
facilitates learning through massed practice, and
allowing errors to be detected and corrected prior
to self-performance, thereby providing a safer as
well as a less anxiety-provoking situation in which
to learn the procedure.

In general, the procedures reported by Neef et
al. (1989) involved the following sequence. After
a task analysis of requisite skills and the categori-
zation of skills into logically ordered skill domains,
the trainer describes and demonstrates to the child
each elemental step. In some instances, simulation
training first involves modeling the target procedure
with an anatomically correct doll. The child is then
required to imitate the demonstrated procedure with
the doll while verbalizing his or her actions. Positive
reinforcement is delivered by the trainer when the
student administers the procedure correctly; re-
medial instruction, consisting of additional mod-
eling and cuing, is provided subsequent to incorrect
responses. As specific skill domains are mastered
by the child, periodic review sessions are conducted
to promote forward chaining. Repeated practice
provides the participant with numerous opportu-
nities to learn the correct responses under conditions
that dosely approximate criterion situations. When
the child exhibits consistent mastery of all critical
steps of the task analysis, the trainer systematically
fades the frequency of prompts and contingent re-
inforcers. Skill generalization to the criterion situ-
ation is promoted through the use of common
stimuli in the same setting in which self-adminis-
tration is to occur.

The purpose of the present study was to extend
the findings of Neef et al. (1989) by assessing (a)
the generality of simulation training as applied to
self-administration of suctioning by children with
tracheostomies, (b) children's subsequent perfor-
mance of those skills over time and in different
environments, (c) the children's and their caregivers
opinions of the intervention and its impact, and
(d) an analysis of the types of errors that were made
by the children during self-administration probes.

METHOD

Participants
Participants were 2 males and 2 females between

the ages of 5 and 8 years. Each underwent tra-
cheostomy during infancy. Medical diagnoses in-
cluded Klippel-Feil Syndrome (a syndrome char-
acterized by multiple congenital anomalies,
including absence of thumbs, hypoplastic radii, and
multiple spinal and rib deformities), bilateral vocal
cord paralysis, subglottic and tracheal stenosis (Jay);
subglottic stenosis (Tiara); subglottic stenosis and
tracheomalacia (Brandon); and subglottic stenosis
(Fatiah). Two of the children had undergone un-
successful attempts to remove the tracheostomy tube
(Tiara and Fatiah).

All of the children tested at the 4-year-old level
or higher in fine motor skills, with cognitive abilities
ranging from 4 to 5.25 years on various tests ad-
ministered by the schools. Two of the children
attended regular elementary schools and 2 were
enrolled in private preschools for children with
handicapping conditions. Two of the children had
private nurses; the medical needs of the other 2
children were managed exdusively by family or by
school personnel. Informed consent was granted by
the parents and physicians for each of the children.

Settings and Materials
The study was conducted with Tiara and Fatiah

in their preschool dassrooms and with Jay and
Brandon in their homes. Suctioning materials in-
cluded portable suctioning machines, ambu bags
(for hyperoxygenation with room air), catheters,
distilled water, saline bullets, and tissue. A 0.33-m
plastic hollow doll with a tracheostomy tube in-
serted in its neck was used during simulation train-
ing.

Task Sequence and Response Definitions
A task analysis of suctioning skills based on

available procedural descriptions and a series of
direct observations yielded three basic skill areas
for Jay, Tiara, and Brandon and four basic skill
areas for Fatiah: gathering and assembling equip-
ment (two separate skill areas for Fatiah), appli-
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Table 1
Sample Target Responses within Four Major Skill Areas

Target steps Jay Tiara Brandon Fatiah

Gets ambu bag 1
Opens catheter kit 1 1 1 2
Attaches catheter to machine 1 1 1 2
Pulls wrapping off catheter 2 2
Tests catheter in water 1 2
Opens suctioning machine 1
Gets paper cup and pours water 1
Opens saline bullet 1
Places tissue on neck 1
Turns on machine 2 1 2 2
Gives three breaths by ambu bag 3
Inserts catheter into trach 2 2 2 3
Applies suction 2 2 2 3
Cleans catheter in water 2 2 3
Administers saline to trach 2 3
Disposes waste in trash 3 3 3 4
Cleans machine tubing 3
Tums machine off 3 3 3 3
Closes bottle of water 3
Puts bottle away 3

cation of suctioning, and clean-up. The total num-
ber of target steps ranged from 13 to 24. Table 1
shows the skill areas and target steps for each sub-
ject.

Experimental Design and Training
Procedures
A multiple baseline design across both subjects

(nonconcurrent) and skills (concurrent) was used.
By way of introduction, participants were informed
that they could learn to suction their own tra-
cheostomies. The trainer informed the participants
that they would first "help the doll to suction"
before suctioning themselves. Simulation training
consisted of teaching the three (or four) skill areas
for suctioning in the aforementioned order. Partic-
ipants were informed of steps to be performed for
the skill area being trained. The experimenter then
modeled the target steps with the doll while ver-
balizing her actions.

Performance trials were initiated with all ma-
terials restored to their normal location and con-
dition; the child was then requested to suction the
doll's tracheostomy and verbalize what he or she

was doing to the doll. The doll was manipulated
from a sitting position on the child's lap, facing
forward, to simulate the stimulus conditions for
performance of self-suctioning response topogra-
phies. None of the children used a mirror during
simulation training. Session length ranged from 10
to 20 min.

Correct responses were followed immediately by
descriptive praise. After an incorrect response, the
trainer provided descriptive feedback and again
modeled the correct response with the doll. A re-
medial trial on the step that had been performed
incorrectly was then initiated. This sequence was
repeated until the child completed the step inde-
pendently and correctly, after which the next step
for that skill area was initiated.

Procedural adaptations were made on an indi-
vidual basis. These included application of a visual
cue (e.g., stamp or star) on the dominant hands of
Tiara, Brandon, and Fatiah (each ofwhom had not
yet established hand dominance) to facilitate their
discrimination of the correct hand for holding the
catheter. With these children, the experimenter also
tapped the child's thumb that was to administer
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the suction to serve as a reminder for the child to
keep his or her "thumb up" (i.e., off) the suction
port during the insertion of the catheter into the
tracheostomy. Verbal prompts were incorporated
into the training procedure for Fatiah to signal
repeat and end of suction, because the adult was
required to judge the needed frequency of the ap-
plication of suctioning.
A star chart system was used with all subjects

to reinforce participation in the training program.
At the end of each training session, the child was
given a star if he or she had been cooperative while
"helping the doll to suction." At the end of the
week, if the child had earned a star during every
session, he or she was able to select a special sticker.
A small hand mirror was provided to Jay during
the application of suctioning so that he could ac-
curately direct the catheter to his tracheostomy.

Training'sessions were conducted in this manner
until an a priori skill mastery criterion of 100%
correct responding was met on all target steps within
a given skill area over two consecutive training
sessions. Data specific to each child's acquisition of
target skills during doll simulation training are
available from the first author upon request.

Probes and Remedial Training
Probes assessing the children's performance of

both trained and untrained target steps in the task
analysis on the doll and on themselves were con-
ducted prior to training and after attainment of
mastery criterion on each skill area. During each
probe using the doll, the child was asked to dem-
onstrate how to suction the doll. No performance-
based feedback or differential consequences were
provided other than to acknowledge the child at
the end of the probe for helping the doll. If the
child did not demonstrate 100% correct completion
of trained skills during probes, he or she received
additional simulation training on the target behav-
iors previously taught but performed incorrectly.
This remedial process was repeated until mastery
within the trained skill areas was demonstrated.
A self-administration probe was conducted fol-

lowing demonstration of mastery during a simu-
lation probe to assess generalization of training ef-

fects to the self-administration of suctioning. Each
child was asked to demonstrate how he or she
would suction his or her tracheostomy, to do the
best he or she could, but to stop whenever he or
she preferred. The child's care provider (parent,
teacher, or nurse) supervised both baseline and
posttraining probes. The care provider was respon-
sible for interrupting an incorrect response that was
potentially unsafe and for assisting the child, as
necessary, to perform the impasse step. As before,
no performance-based feedback or differential con-
sequences were provided.

If a child failed to meet mastery criteria during
a self-administration probe for the trained skill
area(s), he or she received supplemental training
on the incorrectly performed behaviors. This re-
medial training consisted of instructions and mod-
eling of the suctioning procedure with the child,
followed immediately by rehearsal by the child while
the trainer provided descriptive praise and corrective
feedback. Training was repeated until the child
demonstrated 100% correct responding on the skill
area(s) during training, after which the self-admin-
istration probe was administered. If mastery was
achieved, simulation training was initiated, where
appropriate, for the next skill area in the sequence.
Data specific to each child's acquisition of target
skills during remedial training sessions (either with
doll or on self) are available from the first author
upon request.

Data Collection and Reliability
Performance during training sessions and

probes. The experimenter scored each step of the
task analysis as being performed correctly or in-
correctly. A child's performance was scored as cor-
rect if the step was performed independently ac-
cording to the operational definitions. A child's
performance was scored as incorrect if the child did
not attempt the step, demonstrated incorrect to-
pography (i.e., attempted the step but did not
perform it according to the behavioral definition),
or committed a sequence error (i.e., performed the
step in the incorrect order).

Reliability checks were conducted by the exper-
imenter and trained observers on 56.0% of training
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sessions and 59.7% of probes for all children. Ex-
perimenter and observer records were compared on
a step-by-step basis (concurrence on steps per-
formed correctly and incorrectly), with reliability
estimates calculated by dividing the number of
agreements by agreements plus disagreements and
multiplying by 100. The mean level of interob-
server agreement across all children during training
sessions was 97.0% (range, 92.6% to 100%). The
mean agreement score for self-administration probes
was 97.0% (range, 96.2% to 99.3%).

Assessment ofprocedural integrity. The extent
to which the training and assessment protocols were
conducted as described above was assessed by hav-
ing an observer record each occurrence of prompts,
reinforcement, and feedback as correct or incorrect
within each skill area for Fatiah. These checks were
performed during 14.0% of training sessions and
during 6.2% of probe sessions conducted by the
experimenter. Levels of procedural integrity re-
mained at 100% during all assessed training ses-
sions and probes.

Follow-Up Assessments
Subsequent to achievement of mastery criteria

during self-administration probes across all skill
components, assessments of skill maintenance were
conducted in each child's home and/or school.
Follow-up, which varied among children according
to their time of entry into the study, occurred after
four sessions for Jay, five sessions for Tiara, four
sessions for Brandon, and 23 sessions for Fatiah.
Follow-up checks were conducted by the experi-
menter and/or the child's trained care provider in
the same manner as during the probes.

Social Validation
A consumer satisfaction questionnaire adapted

from one developed by Larsen, Attkinson, Har-
greaves, and Nguyen (1979) was administered to
the care providers (parents, teachers, and nurses)
of the 4 children. The respondents were asked to
rate their degree of satisfaction with the training
curriculum on 10 Likert-scale items, with anchors
ranging from 0 ("extremely dissatisfied") to 5
("extremely satisfied"). The children were also in-

terviewed by the experimenter or their care pro-
vider.

RESULTS

Figure 1 presents the performance of each child
during baseline, posttraining, and follow-up as-
sessment phases for doll and self-administration
probes. Mean percentage correct responding across
all skill areas during baseline for doll and self-
administration probes, respectively, was 58.7% and
53.5% forJay, 45.7% and 42.5% forTiara, 41.8%
and 47.1% for Brandon, and 7.5% and 8.1% for
Fatiah. During baseline, the children were most
likely to demonstrate skills pertaining to gathering
and assembling equipment and deaning up.

Performance by each child improved immedi-
ately following training in each successive skill area.
All participants achieved the 100% mastery crite-
rion in all skill areas. Generalization of the effects
of doll training to self-suctioning was observed in
all skill areas for all children. The extent of gen-
eralization from doll training to self-administration
was assessed only during the first self-administra-
tion probe conducted with each child. Limitations
in generalization for the suctioning skill area during
the first probe were observed for Tiara (correct
performance of 67% of steps), Brandon (86% of
steps), and Fatiah ( 45% of steps). Therefore, re-
medial training was required to meet criterion for
the application of suctioning by Tiara (six sessions),
Brandon (one session), and Fatiah (one session),
who subsequently exhibited mastery on the probe.

Performance gains were maintained over 2 weeks
for Jay, 4 weeks for Tiara, 2 weeks for Brandon,
and 6 weeks for Fatiah. Remedial training was not
necessary for any of the children during follow-up.
For all children, mean percentage correct respond-
ing across all skill areas ranged from 91.7% to
100% during follow-up.
The types of errors made by the children during

self-administration probes varied according to the
experimental condition in effect. During baseline,
the error made most frequently by all children but
Tiara was a failure to attempt to perform the target
response (mean percentage range, 70% to 98.4%).
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Figure 1. Percentage of correct responses on simulation

and self-administration probes across subjects.

With Tiara, a mean percentage of 90.9% of the
errors were attributable to incorrect topography. In
general, during posttraining and follow-up, the ma-
jority of errors for all children were of incorrect
topography (mean percentage range, 0% to 75%).
However, only Fatiah performed errors of incorrect
topography during the suctioning skill area, where-

as the other children's errors were limited to the
preparation and dean-up skill areas. Overall, se-
quence errors were a small percentage of error types
(mean percentage range, 0.2% to 5.6%) and oc-
curred only in the baseline phase.

For all children, the mean number of training
sessions necessary to reach criterion was 8.0 (range,
2 to 24) for the gathering and assembling of equip-
ment (Skill Area 1), 16.5 (range, 5 to 30) for the
application of suctioning (Skill Area 2), and 2.75
(range, 2 to 4) for clean-up (Skill Area 3). Con-
servative estimates of total training time, based on
the number and scheduled duration of training
sessions, are 1 hr 30 min for Jay, 4 hr 15 min for
Tiara, 4 hr 30 min for Brandon, and 18 hr 40
min for Fatiah.

Six of the 11 teachers, nurses, and parents who
were asked to complete the satisfaction survey pro-
vided ratings regarding the impact of the training
program. These data suggested that the consumers
were quite satisfied with the quality and amount
of training the children received (M = 4.5), as well
as with perceived increases in the children's self-
esteem (M = 4.3). Copies of the social validation
questionnaire, along with means and ranges of the
responses to each question, are available from the
first author upon request.

Each of the children indicated that he or she
enjoyed learning to suction the doll and him or
herself. All 4 children agreed that they could help
their caregiver with the suctioning procedure after
training. Each responded affirmatively to the ques-
tion of whether other children with tracheostomies
should learn to suction themselves.

DISCUSSION

Results indicate that performance of suctioning
by all 4 children increased after training and that
generalization to self-administration typically oc-
curred after meeting mastery criteria during sim-
ulation (doll) training. Acquired skills were typi-
cally maintained., Errors of incorrect topography
during follow-up were largely limited to the prep-
aration and dean-up skill areas and did not occur
during the actual medical procedure. Data regard-
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ing amount of training time required to achieve
mastery suggest that the curriculum can be incor-
porated into a daily routine of 10- to 20-min ses-
sions for 1 to 8 weeks.

The passage of P.L. 94-142 has resulted in more
children with multiple impairments remaining in
the community and attending public schools. Ef-
fective self-administration of a prescribed suction-
ing procedure has implications for decreasing the
extent of ongoing specialty care required for a tra-
cheotomized child to attend a regular school.
Through use of this curriculum, it may be possible
to train many children to perform the preparation
and dean-up aspects of the procedure without su-
pervision. Because a tracheotomized child's atten-
dance at school may be limited by the availability
of specialized staff members, it can only be bene-
ficial if a child is as independent as possible when
performing the suctioning procedure. At school,
one specialist on site may be sufficient to supervise
the application of suctioning as well as to be avail-
able for problematic situations.

Self-suctioning also has implications for decreas-
ing the specialty care requirements of tracheoto-
mized children who reside at home, and has possible
consequences for home-care policy and funding. If
the child is medically stable and can perform self-
suctioning, adult supervision in the home by an
aide or parent (instead of skilled nursing supervi-
sion) may promote cost containment related to ex-
penses in health care for children with special med-
ical needs. Although some children require ongoing
care because of congenital anomalies or recurrent
respiratory conditions, many could function in a
less supervised situation at home if adequate train-
ing were provided. Thus, the ultimate goals of the
program are increased access to the community,
including educational opportunities and social ac-
tivities, and cost containment, as the need for 24-
hr supervision is reduced.

Doll training appears to be a viable tool for
training the self-administration of suctioning. Use
of the doll provides increased training opportuni-
ties, motivates the child to participate in training,
prevents exposing the child to potentially dangerous
or frightening conditions prior to the acquisition of

skills, and provides opportunities to improve man-
ual dexterity and competence prior to self-suction-
ing. Perhaps most importantly, doll training facil-
itates the child's refinement of the self-administered
technique without the possibility of harmful con-
sequences.

The training paradigm is not intended to be used
as a standard package that can be applied consis-
tently with all tracheotomized children. Target steps
must be individualized for each subject depending
on his or her suctioning procedure, behavior pat-
terns, and developmental level. During all training
phases, it is imperative to involve the child's parents
and, where applicable, the child's teachers, aides,
and nurses. The goal of promoting the child's self-
administration of the prescribed medical regimen
is to augment the child's self-efficacy and to di-
minish the burden of care borne by the child's adult
providers, not to displace the providers altogether.
Adult caregivers must continue to monitor the suc-
tioning skill to ensure quality of performance and
to intervene if emergency situations arise.

Simulation training with a doll has been shown
to be effective in self-catheterization (Neef et al.,
1989) and menstrual hygiene (Richman, Ponticas,
Page, & Epps, 1986; Richman, Reiss, Bauman, &
Bailey, 1984). Overall, results suggest that simu-
lation training with a doll may be a useful technique
for teaching the self-administration of medical pro-
cedures and promoting increased independence. The
present study supports the premise by Neef et al.
(1989) that doll training provides numerous train-
ing opportunities and may offer an efficient means
oftraining. Like the study by Richman et al. (1984)
for menstrual care, the training can be implemented
by available staff members who are trained in the
experimental procedure. Doll training also makes
it possible to modify the training procedure to assist
the behavior patterns displayed by individual sub-
jects and to attenuate stress, because dolls are often
associated with play activities.

Although the present data indicate that simu-
lation training may facilitate generalization to self-
suctioning, they should be interpreted with caution.
Because each of the participants had been exposed
repeatedly to the suctioning procedure prior to the
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experiment, it is possible that such prior practice,
although not sufficient, was necessary for general-
ization to occur. Furthermore, a more extensive
assessment of generalization was preduded by the
need to provide remedial training. The isolated
effects of simulation training per se on skill acqui-
sition, generalization, and maintenance are yet to
be established.
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