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Impact of Using a Robot Patient for Nursing
Skill Training in Patient Transfer

Zhifeng Huang, Chingszu Lin, Masako Kanai-Pak, Jukai Maeda, Yasuko Kitajima,
Mitsuhiro Nakamura, Noriaki Kuwahara, Taiki Ogata, and Jun Ota

Abstract—In the past few decades, simulation training has been used to help nurses improve their patient-transfer skills. However, the
effectiveness of such training remains limited because it lacks effective ways of simulating patients’ actions realistically. It is difficult for
nurses to use the skills learned from simulation training to transfer an actual patient. Therefore, we developed a robot patient that could
simulate the behavior of patients’ limbs for patient-transfer training. This study examined the performance of the robot used in training
and evaluated its training effectiveness. Four nursing teachers individually transferred the robot patient and then scored the robot
patient’s ability to simulate patients’ actions and its suitability for skill training. An experiment using pre-post control group design was
carried out to examine the robot patient’s training effectiveness compared with the human simulated patient. The participants were 20
nursing students and one nursing teacher who was responsible for scoring the students’ skills in the pre-test and post-test. All of the
students were assigned to train with either the proposed robot patient or a healthy person simulating the patient. The results show that
all four nursing teachers regarded the robot patient’s actions as realistic. In addition, all four teachers agreed that the robot patient was
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suitable for skill training. The results also show that the proposed robot patient is more challenging than the current method, which
employs a healthy person to simulate the patient. Significant skill improvement (p < 0.01) was observed in the experimental group

when transferring the robot patient.

Index Terms—Computer uses in education, educational technology, training, robot patient

1 INTRODUCTION

NTERACTING with a patient’s limbs is a major challenge for

nurses transferring patients from, for example, a bed to a
wheelchair. These tasks involve many complicated interac-
tion procedures, and because many patients suffer from
mobility problems, cognitive disorders, or skeletal deforma-
tions, they may not fully cooperate during patient transfer. A
patient’s actions (e.g., swaying while standing, hugging a
nurse’s shoulder weakly) could increase the difficulty of the
task. In order to ensure patient comfort and safety, before
undertaking patient transfer in hospitals, nurses must be
familiar with likely patient actions and must improve their
ability to deal with the behavior of patients’ limbs. Clinical
practice certainly helps to improve patient transfer skills.
However, when unskilled nurses perform the task, there is a
high risk of injury for patients. In addition, the inappropriate
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operation also raises the risk of injury, in particular lower
back pain, to the nurses [1], [2], [3]. Therefore, it is necessary
to develop an effective way to simulate patients’ actions in
training and to enable nurses to practice patient transfer skills.
A stationary mannequin [4] is a common means of simu-
lating a patient during training. Stationary mannequins have
been successfully used in medical training, including cardiac
assessment training [5], trauma resuscitation training [6],
and airway skills training [7]. These simulated patients
mimic a real patient’s physical characteristics, such as heart-
beat, sphygmus, breath, and bleeding. Previous studies con-
firm that using such mannequins to simulate a patient’s
performance during training enhances the effectiveness of
the training [8], [9], [10], [11], [12]. However, none of these
stationary mannequins is able to simulate the actions of
patients’ limbs. As a result, existing stationary mannequins
cannot be effectively used for patient-transfer training.
Currently, patient-transfer training employs healthy peo-
ple to play the role of patients [13], hereafter referred to as
human simulated patients. Each student is often paired with
another student, one assuming the role of the nurse and the
other assuming the role of the patient during patient transfer.
However, the effectiveness of this kind of training remains
limited [13], [14] as the students cannot simulate patients’
actions appropriately [15], [16]. Based on discussion with the
nursing teacher, several disadvantages of this form of train-
ing are summarized. First, it is difficult for healthy people to
simulate the strength of actual patients suffering from mus-
cle weakness. As a result, simulation training cannot make
nurses fully familiar with likely patient behavior. Second,

1939-1382 © 2016 IEEE. Personal use is permitted, but republication/redistribution requires IEEE permission.
See http://www.ieee.org/publications_standards/publications/rights/index.html for more information.



356 IEEE TRANSACTIONS ON LEARNING TECHNOLOGIES, VOL.10, NO.3, JULY-SEPTEMBER 2017

human simulated patients usually provide extra strength to
support their body weight (wWhen standing up, for example).
As a result, the training is insufficient because it does not
allow a novice nurse to develop the strength and appropriate
posture necessary to support a patient’s body weight. Third,
the human simulated patient may unconsciously assist the
trainees to complete the tasks. For example, when trainees
perform inappropriate postures or actions that might lead a
real patient to fall down, the human simulated patient may
provide additional support instinctively. Trainees therefore
may have difficulty recognizing their inappropriate perfor-
mance and correcting it during the simulation training. In
summary, the current methods hinder trainees’ abilities to
develop skills for real patient transfers. If the training condi-
tions are easier than the real task, then trainees do not receive
sufficient training to improve these skills. In addition, inap-
propriate simulation makes it difficult for trainees to become
familiar with patients’ likely actions.

Therefore, there is immense potential in using robotics to
develop effective alternative ways to simulate patient
actions. A robot can be programmed to simulate the
required actions in a way that can be objectively and quanti-
tatively measured. In the past few decades, many studies
have proposed robotics-based methods of simulating a
patient’s performance to support medical training. How-
ever, the effectiveness of using robotics in training has not
yet been fully evaluated.

In some studies, a haptic simulator was designed to simu-
late the feeling of touching a patient’s real tissue. Inoue et al.
[18] developed a haptic device using flexible sheets to simu-
late the softness of an abdomen for abdominal palpation train-
ing. Sutherland et al. [19] proposed an augmented reality
haptic training simulator for spinal needle procedures. Spill-
mann et al. [20] used adaptive space warping to enhance pas-
sive haptic in an arthroscopy surgical simulator. Yu et al. [21]
designed a haptic interface for a gastrointestinal endoscopy
simulation. Tokuyasu et al. [22] proposed a device to simulate
the feeling of touching cardiac muscle. Gerling et al. [23] pro-
posed a training simulator for clinical prostate exams.

Other researchers have focused on simulating a patient’s
facial expression for medical diagnosis training [24], [25]. In
another study, a visual servo system was introduced into a
robot to simulate the patient’s acts of gazing at the nurses or
turning away during injections [26]. Furthermore, several
studies have designed robot joints to simulate the behavior
of a patient’s limb joints when struck [27], [28], [29], [30],
whereas in [31], wearable robot joints were developed to
help a healthy person to simulate crepitus. In another work
[32], a robot patient was used to simulate the behaviors
(e.g., moving tongue, salivation) of a patient’s oral cavity for
dental training. In addition, Takanishi et al. [33] developed
a robot patient for airway management training.

However, among these previous studies, little attention has
been paid to simulate the behavior of patient’s limbs, while
other works have only focused on the action of a single joint
[26], [27], [28], [29], [30], [31]. The use of robots to simulate the
behavior of patients’ limbs in nursing training remains lim-
ited, and its effectiveness still lacks empirical evidence.

Therefore, this study focuses on the potential of using
robots to simulate patients’ actions to enhance the effective-
ness of nursing training. We improved the robot patient’s

hardware over that of the former version [34] and then
examined the effectiveness of using the robot patient in
patient-transfer training.

In our previous works [34], we developed a robot patient
for patient-transfer training. The robot was designed to sim-
ulate the actions of the patients’ limbs, including actively
hugging, continuous standing, passively standing up, and
sitting down. We have proved that the nursing teacher
could apply their nursing skill on the robot during patient
transfer. However, we have not yet examined the effective-
ness of using the proposed robot patient for the purposes of
training. Nursing teachers’ attitudes towards the robot
patient have also not yet been evaluated.

According to the nursing teachers’ comments in the pre-
vious study [34], we designed the new upper limbs of the
robot patient and improved the robot patient’s performance
in simulating the patient’s act of hugging. In addition, one
degree of freedom (DOF) was added to the trunk in order to
improve the patient’s performance in bending back.

The main contribution of this paper is to provide the first
evaluation of the effectiveness of using a robot patient in
patient-transfer training.

In this study, we conducted experiments to explore the
impact of using a robot patient in patient-transfer training, in-
cluding the robot’s performance and its training effectiveness.

The remainder of the paper is structured as follows.
Section 2 describes the process of the patient transfer. Sec-
tion 3 details the functions of the robot patient and the
newly designed upper limbs, including the mechanical
structure and control methods. Section 4 describes the
experiment design and the evaluation methods employed
in this study, and then outlines the results. Section 5 dis-
cusses the results in detail. Section 6 concludes the paper.

2 PATIENT TRANSFER

Patient transfer is one of the most difficult nursing tasks [35]
because it includes complicated procedures for interacting
with patients” limbs. Fig. 1 depicts the process of patient
transfer [36], [37]. There are six steps: preparing the wheel-
chair and adjusting the patient’s sitting position, assisting
the patient in hugging, assisting the patient in standing up,
assisting the patient in turning, assisting the patient in sit-
ting down, and adjusting the patient’s sitting position in the
wheelchair. All the steps are related to limb interactions
between the nurses and the patients.

3 ROBOT PATIENT

3.1 Joint Configuration of the Robot Patient

The robot patient was developed from a previous version
[27]. This new version included newly designed upper
limbs and an increase of one DOF in the trunk.

The robot patient has 17 DOFs. Each limb has four DOFs,
and the trunk has one DOF. The rotation ranges of all of
these joints are the same as those in human joints [38].

The upper limbs’ DOFs were increased to four, so that all
of the joints were able to rotate actively using the RC servo,
whereas the former version [34] had three DOFs and only
one active joint.

The remaining joints of the lower limbs and the trunk
were passive joints. All of these joints were installed
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Fig. 1. Steps of patient transfer.

without an actuator, except for the knee joints, which were
installed with electromagnetic brakes.

The height of the robot patient is 160 cm, and its weight
30 kg.

3.2 Hardware of the Robot Patient
3.2.1 UpperLimbs

In order to simulate the active hugging action, the shoulder
joints and the elbow joint have to be able to rotate actively.
Therefore, an RC servo (Futaba Co., Ltd.) was installed in
each joint of the upper limbs (Fig. 2). The RC servo was able
to work in position because there is an angle sensor inside
the RC servo. Each joint can be controlled in order to main-
tain position or to rotate to the required position with the
necessary speed (the maximum speed is 60°/s). We
planned each joint’s position such that the robot patient was
able to simulate the action of hugging. The control method
is detailed in Section 3.3.

To simulate the strength of the patient when hugging, the
continued output torque of the RC servo was carefully
selected. In our design, we set the torque at 3.2 N m. This is
approximately 10 percent of the average level of a healthy
human and is just sufficient for the upper limbs to oppose
gravity in order to actively hug.

3.2.2 LowerlLimbs

The lower limbs of the robot patient have to be able to
simulate a weak patient’s tendency to passively extend

and fold their lower limbs when standing up and sitting
down with the nurse’s assistance. The robot patient also
has to simulate a patient’s standing instability during
assisted turning. Therefore, all joints of the robot’s lower
limbs were designed to be passive joints. The knee joints
were installed with electromagnetic brakes (Miki Pulley
Co., Ltd.) (Fig. 2), whereas the other joints were installed
without actuators. As the robot patient stood up or sat
down with the assistance of a nurse, the electromagnetic
brakes were released and the lower limbs passively
extended or folded. The body weight of the robot patient
was therefore loaded onto the nurse. When the robot
patient turned to the wheelchair with the nurse’s assis-
tance, the electromagnetic brakes were applied and the
knee joints of the robot remained straight owing to the
torque provided by the brakes. The remaining joints of
the lower limb rotated passively. When a nurse helped
the robot patient to turn towards the wheelchair, the
robot swayed and its standing position became unstable.
In this way, the robot patient simulated a patient’s insta-
bility while standing and turning (Fig. 1d).

In order to enable a robot patient to automatically
judge when to apply the electromagnetic brake, an angle
sensor was installed in each knee joint (Fig. 2). The brakes
were released at the beginning of the patient transfer to
allow the nurse to help the robot patient to stand up.
When both knee joints expanded to a pre-determined
angle, the process of standing up was recognized as com-
plete, and the brakes were applied to keep the robot
patient standing.

3.2.3 Voice Recognition Module

When a nurse helped the robot patient to turn towards the
wheelchair, the robot patient released the electromagnetic
brakes so that the lower limbs could passively rotate to sim-
ulate the patient sitting down. A voice recognition module
(TIGAL KG Co., Ltd.) was applied to enable the robot
patient to receive nurses’ commands (Fig. 2). The voice rec-
ognition module was able to recognize the instruction
“please sit down.” Upon receiving this command, the robot
answered “I understand” via a speaker (Fig. 2) and then
released the brakes on both knees.

3.3 Actions in Active Hugging

In order to enable the robot patient to automatically hug a
nurse’s shoulder, two issues had to be resolved. First, the
robot has to be able to determine when to perform the hug-
ging action. Second, each joint’s rotation angle and timing
has to be planned.

To solve the first issue, we used the angle sensor inside
the RC motor of Joint J-2 (Fig. 3a) to detect whether the
nurses had raised the robot patient’s upper limbs. When the
angle of Joint J-2 was greater than the preset threshold (40
degree), the robot patient started to actively hug. Each
upper limb was controlled independently. The robot patient
hugged using only the upper limb that the nurse lifted,
which is typical of real patients in hospitals. Before the
nurse asked the patient to hug their shoulder, the nurse
held the patient’s upper limbs and helped the patient to
raise them.
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Voice recognition module

Fig. 2. Hardware of the robot patient.

The robot patient performed a hugging action by rotating
its joints J-1, J-2, -3, and J-4. Based on video-recorded obser-
vations of the patients’ actions, we determined the rotation
angle and duration of each joint. The hugging action was
divided into three steps. First, the upper limb remained in
the initial position, as shown in Fig. 3a. The torque of J-2
was turned off so that the nurse could raise the upper limbs.
When J-2 was expanded to 40 degree from its initial posi-
tion, the robot patient recognized the movement and started
to hug the nurse. Next, Joints J-1 and J-3 rotated actively to
continue to raise the upper limbs. J-1 and J-3 rotated from
their initial position to 130 and 90 degree, respectively
(Fig. 3b). The duration of rotation was set to 1.5 s. Finally, J-
1 and J-3 maintained their positions, while J-2 and J-4
started to rotate to move the upper limb to the nurses’
shoulders. J-2 and J-4 rotated from their position to 10 and
30 degree, respectively. The duration was set to 1 s. By
means of the three steps above, one upper limb of the robot
patient completed the action of hugging. The other upper
limb was controlled in the same way.

4 EXPERIMENT AND RESULT

In order to examine the impact of using a robot patient in
patient-transfer training, two factors should be evaluated
carefully. One is the performance of the robot used in
patient-transfer training, including the ability to simulate
patient’s action and its applicability to skill training. The
other is training effectiveness. It is important to examine
whether the robot patient can help the nurses improve their
skills. Therefore, a pre-study and an experiment using pre-
post control group design were carried out in this study, as
follows.

RC Servo

Angle
Sensor

4.1 Pre-Study Regarding Nursing Teachers’
Subjective Evaluations
4.1.1 Purpose

A pre-study was conducted to examine the performance of
the robot patient used in patient-transfer training. It sought
to answer the following two research questions:

e Can the robot patient simulate a patient’s actions
during a patient transfer?

e Is the robot patient suitable for patient-transfer
training?

4.1.2 Participants

The participants were four nursing teachers with up to ten
years of experience in nursing education.

4.1.3 Procedures

Each nursing teacher was asked to transfer the robot patient
three times and then complete a questionnaire to evaluate
the robot patient’s performance.

(a) Nurses raised the
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TABLE 1
Result of Questionnaire

Questions

Level P

Action simulation Suitable for training

Adjusting the patient’s sitting position in the bed
Assisting the patient in hugging

Assisting the patient in standing up

Assisting the patient in turning to the wheelchair
Assisting the patient in sitting down

Adjusting the patient’s position in the wheelchair

Is the robot patient useful for the nursing students to improve their skills?
Would you recommend that the nursing students train with the robot patient?

450 SD0.58 425 SD0.96
3.75 SD0.96 425 SD 0.96
4.75 SD 0.50 4.75 SD 0.50
4.50 SD 0.58 4.75 SD0.50
4.75 SD 0.50 4.75 SD 0.50
4.75 SD0.50 425 SD0.50

4.8 SD0.4

48 SD0.4

“ Levels : 1-Strongly disagree, 2-Disagree, 3-Normal, 4-Agree, and 5-Strongly agree.

¥ Number of respondents : 4.

4.1.4 Evaluation Methods

The validity of using the robot patient in patient transfer
training was examined by the nursing teacher’s subjective
evaluation. We designed the questionnaire to survey the
nursing teacher’s evaluation of the robot patient. The ques-
tionnaire consisted of three parts. The first part measured
the overall attitude of the nursing teacher to the robot
patient. This part contained two questions: 1) Did the nurs-
ing teacher consider the robot patient to be useful for
improving the skills of nursing students? and 2) Would the
nursing teacher recommend that their students train with
the robot patient?

The second part consisted of questions regarding the
robot patient’s ability to simulate a real patient’s actions. Six
questions corresponded to the six different steps of patient
transfer.

The third part consisted of questions regarding the applica-
bility of the robot patient used in patient-transfer training. As
in the second part, six questions corresponded to the six steps.

All of the questions were measured using a five-point
Likert scale, on which the items were ranked from 1
(strongly disagree) to 5 (strongly agree).

4.1.5 Results of Nursing Teachers’ Evaluations of the
Robot Patient’s Performance

Table 1 depicts the results of the pre-study. According to the
preset levels, in the results of the questionnaire, a score of
>4 indicates that the teachers agree. Regarding the robot
patient’s ability to simulate the patient’s action, the average
score of six related questions was 4.5 (SD = 0.39). With the
exception of the question relating to the hugging action, all
of the questions achieved a score of over 4.5, which is higher
than the agreement level. Regarding the applicability of skill
training, the average score of related questions was 4.5 (SD
= 0.27). A score of over 4.25 was calculated for each ques-
tion. Regarding the overall feeling about the robot, all of the
nursing teachers agreed that the proposed robot patient
was useful in helping nursing students to improve their
skills (Avg. = 4.8, SD = 0.4). The nursing teachers also
expressed that they would recommend the robot patient to
their students (Avg. = 4.8, SD = 0.4).

The result of the questionnaire (Table 1) indicates that the
nursing teachers regarded the robot patient to be able to
simulate patients’ actions. They were satisfied with the

robot patient’s passive actions of standing up and sitting
down, as well as the robot’s simulation of standing instabil-
ity during assisted turning.

The results of the questionnaire further revealed that the
proposed robot patient was suitable for patient-transfer skill
training. With the exception of the action of hugging, all
teachers assigned scores of over four, indicating their agree-
ment that the robot is suitable for skill training.

The nursing teachers held different opinions regarding
the hugging action. Two nursing teachers agreed that the
robot was able to simulate patients” hugging action effec-
tively, while the other teachers were neutral. In addition,
regarding the steps of assisted hugging, three teachers
agreed that the robot patient was suitable for skill training,
while one teacher was neutral. According to the comments
of the teacher who remained neutral, the differing opinions
might have arisen because the robot patient sometimes could
not hug the teacher’s shoulder closely due to the interference
of the robot patient’s hands.

In general, all of the nursing teachers agreed that the robot
patient was useful for skill training and that they would rec-
ommend the robot patient to their students in future.

4.2 Experiment Regarding Nursing Students’
Evaluations of Training Effectiveness

4.2.1 Purpose

An experiment using pre-post control group design was
carried out to examine the training effectiveness of using
the robot patient in patient-transfer training.

There were two evaluation criteria, as follows

e Compared with the current method, which uses a
human simulated patient, does the robot patient
offer a more challenging experience in patient-trans-
fer training?

e Could the robot patient help the nursing students to
improve their skills?

4.2.2 Participants

The participants were 20 nursing students (15 female and 5
male) who served as the trainees. All of the students had
learned the skills of patient transfer and were able to per-
form the steps (Fig. 1) in order. All students were randomly
assigned to either the control group or experimental group,
each of which consisted of 10 nursing students.
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e Reviewing the demo video of patient transfer (7 min)
e Introducing the robot patient” s functions (10 min)

Stage 2 2

e  Pretest of transferring the robot patient
e  Pretest of transferring the human simulated patient

Stage 3

Robot patient Human simulated patient

e Training (20 min)

v v

Stage 4

e Posttest of transferring the robot patient
e Posttest of transferring the human simulated patient

Fig. 4. Procedures of the experiment using pre-post control group design.

A woman acted as a human simulated patient to simu-
late the current training method for the control group. The
height of the human simulated patient is 160 cm, equal to
the height of the robot patient.

In addition, a nursing teacher with more than 10 years of
experience in nursing education was employed in order to
evaluate the trainees’ skill performances in the experiment.

4.2.3 Procedures

Fig. 4 depicts the procedures of this study’s four-stage
experiment.

In Stage 1, both groups had seven minutes to watch the
demonstration video to review the skills of patient transfer.
The video, which was used in nursing school as learning
material, introduces each step of patient transfer and the
corresponding skills. After the students watched the video,
they received ten minutes of instruction introducing them
to the functions of the robot patient, including the hugging
action of the upper limbs, the electromagnetic brake in the
knee joints, and the voice recognition module.

In Stage 2, a pre-test was carried out for both groups to
evaluate the trainees’ initial performance prior to training.
In each group, the student’s skill performance was evalu-
ated for two patient conditions, that of the robot patient and
the human simulated patient. Each student was asked to

individually transfer the robot patient and the human simu-
lated patient. This pre-test process was recorded on video
camera for the nursing teacher to evaluate later.

After the pre-test, in Stage 3, the students in each group
were asked to participate in the patient-transfer training. In
the experimental group, the students trained with the pro-
posed robot patient, while in the control group, the students
trained with the human simulated patient. The duration of
the training was 20 minutes, which enabled the trainees in
each group to perform the patient transfer at least three
times. In order to avoid the effects of other factors during
the training, trainees in both groups were not provided
with any supervision, feedback, or learning material. Train-
ees were given the choice to either undergo the training or
to have free time.

Finally, in Stage 4, the post-test was conducted in both
groups to examine whether the students’ skills had
improved after training. In each group, each student was
asked to transfer both the robot patient and the human sim-
ulated patient individually. This post-test process was
recorded by video camera.

4.2.4 Evaluation Methods

This study referenced a checklist that is used in nursing
schools to evaluate the skill performance of nursing stu-
dents (Table 2). The validity of the checklist was approved
by the nursing teachers. The checklist consists of 20 items,
and each item corresponds to one skill in patient transfer.
The nursing teacher selected “right” or “wrong” to evaluate
a student’s performance for each item. A correct behavior
was assigned 1 point, while an incorrect behavior was
assigned 0 points. Therefore, each student could receive a
maximum score of 20 on the test, which would indicate that
the student had performed correctly on all items.

In order to prevent bias, a single-blind skill evaluation
was conducted, meaning that the nursing teacher did not
know which group the student belonged to, or if it was a
pre-test or post-test when evaluating the skill performance
of the students. The evaluation was performed after all of
the students had finished the post-test. The nursing teacher
evaluated the students’ skill performance by watching the
video recordings. To prevent the nursing teachers from
missing any small step of trainee’s performance, the tape
could be slowed down and rewound. In order to prevent
the nursing teacher from knowing which video was the pre-
test and which was the post-test, the order of the videos
was randomly arranged.

The reliability of the teacher scoring was examined.
Another two nursing teachers were asked to evaluate 16
videos which were randomly selected from 80 videos (2
Group x 10 student x 2 types of patient x (pretest +
posttest) = 80) in our experiment. In each video, there were
20 items that required evaluation. In total, the sample size
was 320. Light's kappa [39], which is a non-parametric sta-
tistic for the situation of three evaluators, was carried out to
examine the agreement among the nursing teachers’ evalua-
tion. The level of agreement was considered to represent the
reliability of the nursing teacher’s evaluation result.

Since the experiment was a three-factor 2 x 2 x 2 mixed
design, ANOVA was used to identify the significance of the
factors’ effect. As mentioned above, in the pre-test and
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TABLE 2

Checklist for Evaluating Patient Transfer Skills and Number of Correct Performance in Each ltem Under Different Conditions®
Control group trans- Experimental group

Item No. and Description ferred human simulated transferred robot

patient patient
Pre” Post Diff. Pre Post Diff.

1. Place the wheelchair near the patient 9 9 0 5 6 1
2. Place the wheelchair at the bedside and adjust the included angle to 20-30 degrees 7 9 2 7 7 0
3. Apply the wheelchair brakes 9 10 1 10 10 0
4. Place your right foot behind you 2 5 3 4 4 0
5. Place your left foot between the feet of the patient 2 5 3 3 3 0
“6. Grip the bottom of the patient 7 5 -2 2 4 2
7. Make the patient sit on the edge of the bed by shuffling the patient’s bottom 3 6 3 3 8 5
8. Adjust the patient’s leg posture 7 6 -1 5 6 1
9. Place both of the patient’s arms on your shoulders 9 10 1 9 9 0
10. Grip the lower back of the patient 5 6 1 2 4 2
11. Place your right foot behind you 6 7 1 5 6 1
12. Place your left foot between the feet of the patient 6 7 1 4 5 1
13. Lower your waist to assist the patient 6 8 2 3 6 3
14. Help the patient to lean down before starting to stand 4 2 -2 2 4 2
15. Use your left foot as a pivot axis to help the patient to turn to sit in the wheelchair 9 10 1 8 9 1
*“16. Lower your waist 7 6 -1 2 3 1
*17. Help the patient to lean down before sitting down 5 5 0 1 1 0
18. Grip the patient’s forearms with your arms passing under the patient’s armpits 7 7 0 6 6 0
19. Help the patient to lean over before adjusting their sitting position 4 5 1 3 1 -2
20. Place the patient’s feet on the wheelchair’s footrests 10 10 0 10 10 0

* The number of trainees in each group was 10.

¥ The number indicated the total number of trainees who performed correctly in each item.
* Significant difference in pretest between two groups was found by Chi square test. (" p < 0.05)

post-test, we evaluate the student’s skill performance in
transferring both the robot patient and the human simulated
patient. Therefore, in the experiment, there were two within-
subject factors and one between-subject factor, as follows.

1)  within-subject factors
e Time conditions: Pre-test versus Post-test (Pre
versus Post);
e Patient conditions: Transferring robot patient
versus Transferring human simulated patient (R
versus H);
2)  between-subject factors
e Training conditions: Training with robot patient
versus Training with human simulated patient
(Expt. versus Ctrl.).

The main effect of patient conditions (R versus H) indi-
cated the different levels of difficulty involved in transfer-
ring a robot patient and a human simulated patient.
Therefore, an alternative hypothesis H1 was raised to exam-
ine the difference in difficulty, as follows.

H1: There is a significant effect of patient conditions.

If a significant difference was found, it might reveal that
one type of simulated patient was more difficult than the
other.

A significant time conditions x training conditions interaction
was expected, as it was considered to indicate a significant
difference in training effect between the two groups. In detail,
it was expected to see the experiment group’s trainees
improve their performance in transferring both the robot
patient and human simulated patient. On the other hand, for
the control group, the trainees were expected to improve their
skill performance only when transferring the human simu-
lated patient. R-Expt.-post was expected to be higher than R-

Ctrl.-post, since this indicates that training with the robot
patient might improve learning beyond the control condi-
tions. The alternative hypothesis H2 was raised as follows.

H2: There is a significant effect of the interaction of time condi-
tions x training conditions.

In order to further analyze the result of the experiment in
detail, another four alternative hypotheses were raised. H3
and H4 were used to examine the training effectiveness of
both types of patient, while H5 and H6 were used to investi-
gate the learning transfer in the two groups. In each hypoth-
esis, if a significant difference was found, the null
hypothesis could be rejected and the alternative hypothesis
would be accepted. Each alternative hypothesis and corre-
sponding compared dataset is described as follows:

H3: There is a significant difference in the score between the
pre-test and post-test when the experimental group’s trainees
transferred the robot patient.

Compared datasets: Expt.-R-pre versus Expt.-R-post

H4: There is a significant difference in the score between the
pre-test and post-test when the control group’s trainees trans-
ferred the human simulated patient.

Compared datasets: Ctrl.-H-pre versus Ctrl.-H-post

H5: There is a significant difference in the score between the
pre-test and post-test when the experimental group’s trainees
transferred the human simulated patient.

Compared datasets: Expt.-H-pre versus Expt.-H-post

Hé6: There is a significant difference in the score between the
pre-test and post-test when the control group’s trainees trans-
ferred the robot patient.

Compared datasets: Ctrl.-R-pre versus Ctrl.-R-post
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*p<.05, ** p<.01°
Mean £+ SEM N=10
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H-Expt. : Experiment group transfer human simulated-patient
H-Ctrl. : Control group transfer human simulated-patient

R-Expt. : Experiment group transfer robot patient

R-Ctrl. : Control group transfer robot patient

“The brackets indicated the significant effect found in simple main
effect test

Fig. 5 Average skill performance in the pre-test/post-test of each group.

4.2.5 Result of Experiment

In both groups, all of the trainees finished the pre-test, train-
ing, and post-test. In the experimental group’s training pro-
cess, the average number of patient-transfer training was
6.3 (SD = 0.9), while in the control group the average was 4
times (SD = 2.9). In addition, a significant difference (p <
0.05) was found between the two groups by t-test.

The result of Light’s kappa (0.537) indicates a moderate
level of agreement among the nursing teachers. Based on
this result, the reliability of the nursing teacher’s scoring
employed in our experiment was considered to be
acceptable.

Fig. 5 depicts the results of the experiment using pre-post
control group design. The pre-test score of experimental
group (M = 12.4, SD = 3.3) in transferring the human simu-
lated patient did not significantly differ from that of the con-
trol group M = 129, SD = 4.1). In addition, when
transferring the robot patient, the pre-test score of the exper-
imental group (M = 9.4, SD = 2.6) did not significantly dif-
fer from that of the control group (M = 9.1, SD = 2.0). The
two groups exhibited a comparable degree of performance
in patient transfer prior to training.

The ANOVA result is as follows. For the main factor of
patient conditions (R versus H), there is a significant effect
at the p < 0.001 level [F (1, 18) = 43.66, p < 0.0001]. There-
fore, H1 can be accepted, as there was a significantly differ-
ent level of difficulty between the two types of patient. The
comparison result in Fig. 5 reveals that transferring
the robot patient was more challenging than transferring
the human simulated patient.

For the factor of time conditions (Pre versus Post), there
is a significant effect at the p < 0.05 level [F (1, 18) = 6.55,
p = 0.020]. However, no significant time conditions x training
conditions interaction is observed [F(1,18) = 0.505, p =
0.486]. As a result, H2 cannot be accepted. We cannot say
that there is a significant difference between the two groups’
training conditions. The score of R-Expt.-post (M = 11.2,
SD = 3.5) is higher than that of R-Ctrl.-post (M = 10.0, SD =
1.7). However, a significant effect is not found in the simple
main effect test [F (1, 72) = 0.769, p = 0.383].

A significant effect at the p < 0.05 level is found in the
interaction of the three factors above [F (1, 18) = 7.62, p =
0.013]. Therefore, the test of the simple main effect with
Bonferroni correction was carried out and the results are
shown in Fig. 5. The post hoc test was carried out according
to four alternative hypotheses raised in Section 4.2.4.

H3, which was used to check, after training, whether the train-
ees of experimental group could improve their skills in transfer-
ring robot patient. There is a significant effect at the p<0.01
level in the time conditions (Pre-test versus Post-test) when
the trainees of the experimental group transferred the robot
patient [F (1, 36) = 8.61, p = 0.006]. The mean score of post-
test (M = 11.2, SD = 3.7) is higher than that of pretest (M =
9.4,5D =2.6).

H4, which was used to check, after training, whether the train-
ees of control group could improve their skills in transferring
human simulated patient. The situation was the same as that
of the experimental group. In the control group, when trans-
ferring the human simulated patient, a significant difference
at the p<0.05 level is found between the score of pre-test
M = 124, SD = 3.1) and post-test (M = 13.8, SD = 3.0)
[F(1,36) =5.211, p = 0.029].

Therefore, both hypothesis H3 and H4 could be accepted.

H5 and H6 were used to investigate whether there was
learning transfer in each group. However, these two alterna-
tive hypotheses could not be accepted, since there were no
significant differences. In the experimental group, when
transferring the human simulated patient, the mean score of
post-test (M = 12.4, SD = 3.3) does not significantly differ
from that of pretest (M = 12.9, SD = 4.1). On the other hand,
in the control group, when transferring the robot patient,
the mean score of post-test (M = 9.1, SD = 2.0) does not sig-
nificantly differ from that of pretest (M = 10.0, SD = 1.8).

In order to investigate the degree of difficulty in each
item under different patient conditions, in addition to
observing the trainees’ improvement in different items
under different training conditions, we counted the number
of trainees who performed correctly for each item. We
focused on investigating the pre-test and post-test results of
the control group when transferring the human simulated
patient and the experimental group when transferring the
robot patient, as the improvement was only observed in
these two conditions according to the statistical analysis
(see H3 to H6). The data was categorized according to differ-
ent conditions and is presented in Table 2. Since there were
ten trainees in each group, in each item under each condi-
tion, the maximum value is 10, which indicates that all the
trainees performed correctly in the item. The difference
between the post-test and pre-test was shown in column 4
and 7.

5 DISCUSSION

The results of the pre-study reveal that the nursing teachers’
attitude towards the proposed robot patient was positive.
They agreed that the robot has the ability to simulate
patient’s actions and considered the robot to be suitable for
training the nursing students to have the required skills for
patient transfer.

According to the result of H1, the effect of patient condi-
tions (R versus H) is considered to be significant in the train-
ees’ performance. The significant differences in pre-test
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scores between the robot patient transfer and the human sim-
ulated patient transfer reveal that the former was more chal-
lenging than the latter. In both groups, compared with the
human simulated patient transfer, the nursing students com-
mitted more errors in the robot patient transfer. In the pre-test
of the robot patient transfer, the number of items that more
than half of trainees performed incorrectly increased to 14 in
the experimental group and to 13 in the control group. How-
ever, in the pre-test of the human simulated patient transfer,
for both groups, the number is only 7. As shown in columns 2
and 5 of Table 2, the main difference of difficulty is in Items 1
(wheelchair near bed), 6 (grip patient’s bottom), 10 (grip
patient’s lower back), 13 (lower nurse’s back before standing
assistance), 16 (lower nurse’s back before sitting assistance),
and 17 (help patient to lean down). In each of these items, the
number of trainees who performed correctly when transfer-
ring the robot patient was at least three less than for transfer-
ring the human simulated patient. In addition, significant
difference at the level of p < 0.05 are found in Items 1, 6, 16
and 17 by the Chi Square test.

Different training attitudes between the two groups in
the training process were observed. Since there was no
supervision during the training stages for both groups, the
difference in practice times might be due to the difference in
difficulty between the two simulated patients. The robot
patient was more difficult than the human simulated patient
and might stimulate the trainees to continue practicing to
improve their skills. However, in the control group, some
trainees satisfied with their performance stopped practicing.

No significant effect is found in the interaction of time
conditions x training conditions. As a result, H2 cannot be
accepted. This result disagrees with our expectation claimed
in Section 4.2.4. In order to explain this result, the significant
effect in the interaction between the three factors should be
noted. This reveals that the score of the trainees between the
two groups was affected by the interaction of three factors,
rather than only the interaction of time conditions x training
conditions. A further sample main effect test confirms this
viewpoint. According to the results of H3 to H6, no learning
transfer occurred. In other words, in both groups, the train-
ees only improved their performance in transferring the
simulated patient that they practiced with during the train-
ing process.

The post hoc test result accepts the alternative hypothe-
ses of H3 and H4. Combined with the comparison of the
mean score between the pre-test and post-test, the training
effectiveness of both the robot patient and human simulated
patient is observed (see the result of hypothesis H3 and H4
in Section 4.2.5). Training with the robot patient assisted the
trainees in improving their skills of transferring robot
patients. On the other hand, training with the human simu-
lated patient assisted the trainees in improving their skills
of transferring human simulated patients. The items which
were observed to have improved are different in each
group. In Table 2, for the experimental group that trained
with the robot patient, the improvement (Diff. >2) is
observed in Item 6 (grip patient’s bottom), 7 (move patient
closer to the bed edge), 10 (grip patient’s lower back), 13
(lower nurse’s back before standing assistance), and 14
(help patient to lean down); whereas for the control group
which trained with the human simulated patient, the

improvement (Diff. >2) is observed in Item 2 (wheelchair’s
parking direction), 4 (nurse’s right foot position), 5 (nurse’s
left foot position), 7 (move patient closer to the bed edge),
and 13 (lower nurse’s back before standing assistance). In
addition, for the control group, Item 14 (help patient to lean
down) was considered to be difficult, as only two trainees
performed correctly in the post-test. This result reveals that
trainees in the experimental group might tend to improve
their skills relating to operations that require strength to
move the patient’s body, such as Item 7 (related to moving
the patient closer to the edge of the bed), and Items 13, and
14 (related to assisting the patient in standing up). The chal-
lenges of using the robot patient might motivate trainees to
improve their skills. Most of these items are related to heavy
physical exertion, such as the task of supporting the
patient’s body weight. For example, Items 10-14 are related
to helping the patient to stand up. Because the robot did not
provide any assistance, if the trainees performed a step
incorrectly (e.g., had inappropriate posture or grip posi-
tion), the task might feel more laborious, making the train-
ees more aware of their error. This experience might inspire
the trainees to continue to improve their skills. However,
due to the limitation of sample size, the current experiment
still cannot provide statistical results to support the conjec-
ture regarding how the patient’s conditions affect the train-
ees’ performance in each item. In future work, in order to
prove such conjecture, the sample size of the experiment
will be expanded.

Alternative hypotheses H5 and H6 could not be accepted
in the post hoc test. The result revealed that there was no
learning transfer occurred in either group. In other words,
the robot patient trained nurses to transfer the robot patient,
and human simulated patient trained the nurses to transfer
the human simulated patient. However, there was no learn-
ing transfer of the training in either direction. It seems that
the trainees could not improve their skill in transferring the
human simulated patient, even after they trained with the
robot patient, which was more challenging. Different
patient conditions might contribute to this situation. How-
ever, in this study, our purpose is to evaluate the proposed
robot patient’s training effectiveness, but not the effect of
learning transfer. Considering the limitation of the sample
size and duration of training in the current experiment, it is
difficult to conclude whether learning transfer exists. In
order to examine the learning transfer, the current sample
size and the duration of training should be expanded. The
work will be carefully considered in future.

The results of the experiment regarding the training
effect are negative. It is difficult to conclude that the training
effect of the proposed robot patient is better than the effect
of the human simulated patient. The pre-test results shown
in Table 2 reveal that the conditions between the two simu-
lated patients were different. This difference might prevent
learning transfer from occurring in a relatively short period
of training (20 minutes).

There are two possible contributions to this difference.
One is the limitations of the proposed robot patient, which
might prevent the trainee from performing some skills. It
might be difficult to grip the robot patient (see Item 6 and
10) due to the robot being naked and covered by hard mate-
rial. Difficulty in gripping the robot patient might also make
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it difficult for the trainees to perform some skills related to
support the patient’s body (e.g., Item 16, 17). In addition,
the limits of the DOFs of the robot’s waist and the occasional
failure of the hugging action might also make it difficult for
the trainee to perform Items 16 and 17.

The other reason for the difference in performance is the
difference in difficulty of the simulated patients. The design
of the robot patient might contribute to difficulty in the
items that require trainees to have significant strength.
Compared with the human simulated patient, the proposed
robot patient did not provide extra strength to support its
body weight when standing up or sitting down because its
lower limbs rotated only passively. In addition, when the
nurses performed incorrect procedures, the robot did not
provide additional assistance, as a human simulated patient
might. Therefore, the nursing students had to use more
strength to support the robot patient’s body weight and be
more careful during transfer. Without the assistance of the
human simulated patient, it was more difficult for the train-
ees to perform these skills appropriately. This situation is
clearly shown in Item 13, which is related to assisting the
patient in standing up, and in Item 16 and 17, which are
related to assisting the patient in sitting down.

We also note that trainees do not show improvement in
some of the items. Two factors contribute to this lack of
improvement. One is that such items involved little physical
exertion (e.g., Items 4 and 5), making it difficult for trainees
to notice their errors. Providing feedback might be one solu-
tion. The other contributing factor is the limitations of the
robot patient. For Items 17, 18 and 19, as a result of the limits
of the DOFs of the robot’s waist, the trainees might have
found it difficult to practice the skill.

The value of the proposed robot patient in improving the
conditions of nursing simulation training in patient transfer
should not be overlooked, although the result of the experi-
ment regarding the training effect did not completely meet
the expectation set in Section 4.2.4. There are three results
that support the value of applying the robot patient to simu-
lation training of patient transfer. Firstly, according to the
questionnaire result in Table 1, the nursing teachers have
positive attitude regarding the robot patient’s performance.
The nursing teachers regarded the robot patient’s ability to
simulate patients” actions. They further agree that the pro-
posed robot patient is suitable for patient-transfer skill
training. All nursing teachers were in firm agreement that
the robot patient was useful for nursing students to improve
their skill. In addition, they have high intentions to recom-
mend the robot patient to the students. Secondly, the
improvement in transferring the robot patient in the experi-
ment group after training was observed. Combined with
the nursing teacher’s positive attitude, the improvement is
considered to be meaningful and further supports the robot
patient’s value in simulation training. Finally, compared
with the human simulated patient, the robot patient
brought positive challenges to the simulation training of
patient transfer. Owing to the design, the robot patient’s
low limbs did not provide any additional support when the
trainee performed standing and sitting assistance. As a
result, the trainees’ ability to use appropriate strength and
posture to support the patient’s body during patient trans-
fer can be trained.

6 CONCLUSION AND FUTURE WORKS

In this study, we conducted experiments to examine the
performance and training effect of the proposed robot
patient used in nursing simulation training of patient-trans-
fer. The result of the experiment regarding nursing teacher’s
subjective evaluation revealed that the robot was able to
simulate the patient’s action during patient transfer, includ-
ing active hugging, passive standing up/sitting down, and
unstable standing. In addition, nursing teachers agreed that
the robot patient was suitable for patient-transfer skill train-
ing. On the other hand, an experiment using pre-post con-
trol group design was used to evaluate the training effect of
the robot patient by comparison with current training con-
ditions, which employ a healthy person to act as the patient.
The results revealed that the robot patient was more chal-
lenging than current training conditions. However, for both
groups, significant improvement was only observed when
the trainees transferred the simulated patient that they
trained with. According to the results, although it was still
hard to conclude that the proposed robot patient can
displace current training conditions, the value of using a
robot patient in nursing simulation training of patient trans-
fer should be noted.

This research is the first to examine the effectiveness of
using a robot patient in patient-transfer training. The results
will hopefully motivate and inspire the use of robotics to
improve the effectiveness of nursing education.

In future works, experiments will be conducted to
obverse the trainees’ improvement in transferring real
patients after training with the robot patient. The effective-
ness of using robot patients in patient transfer will be spe-
cific to each item by expanding the size of the experiment.
The further potential of using robot patients to improve
nursing education will be explored. For example, using the
robot patient to simulate different patients” actions will pro-
vide a variety of training opportunities to help nurses
improve their skills and practical experiences. In addition,
the robot patient will be improved based on the experimen-
tal results of this study. The action planning of hugging will
be upgraded to avoid the interference of the robot’s hands.
In addition, the DOFs of the robot patient’s waist will be
increased to ensure trainees can practice the skills required
to adjust a patient’s sitting position in a wheelchair.
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