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Abstract

Background Measuring range of motion (ROM) accurately using a universal goniometer or visual estimation is
challenging for physical therapy students. Self-controlled (SC) feedback, where learners decide whether to receive
feedback, can enhance learning and foster self-efficacy (SE) by promoting self-regulation. However, the impact of SC
feedback on skill acquisition in ROM measurement technique and SE in physical therapy students remains unclear.
This study investigates the effects of SC feedback on skill acquisition in ROM measurement techniques and students’
SE.

Methods Thirty physical therapy students were quasi-randomly assigned to an SC group, which chose feedback
during practice, or a Yoked (Yk) group, which received feedback based on the SC group’s schedule. A goniometric
measurement task, in which participants measure the ROM of left knee flexion using a universal goniometer, and a
visual estimation task, in which they estimate it visually, were set as the learning tasks. After a pretest, they completed
the practice (3 trials x 4 blocks) followed by short-term retention test (STRT) and LTRT (LTRT). All tests consisted of 3
trials. Measurement accuracy and time were used as test performance for both tasks. SE of ROM measurements was
measured before the start of each test using a 10-point Likert scale. Feedback related to measurement errors were
provided during practice in line with each group’s conditions.

Results The SC group maintained high feedback frequency (80.0 +30.3%) during the practice. Both groups improved
measurement accuracy and reduced time for goniometric measurement and visual estimation tasks, but no
significant group differences were found. Goniometric accuracy exceeded visual estimation in both groups. SE before
the pretest did not correlate with pretest accuracy. However, SE before the STRT correlated with accuracy at that time
in both groups. In the SC group, SE before the LTRT test was related to the accuracy at the STRT.

Conclusion SC feedback did not demonstrate superior effectiveness, but external feedback improved ROM
measurement accuracy and reduced measurement time. Moreover, SE after the practice was temporarily associated
with accuracy, suggesting a potential link between SE and performance in skill acquisition.
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Background

When the joint range of motion (ROM) is restricted
owing to aging, neurological diseases, or orthopedic
diseases, all aspects of daily life are affected. Previous
studies have demonstrated that when the joint range
of motion is restricted in the knee joint, the propulsive
force during walking is reduced, whereas the risk of fall-
ing increases [1-5]. Furthermore, in activity daily liv-
ing, which requires a large range of joint motion, such as
squatting and putting on underwear, if the joint range of
motion is restricted, the performance of the movement
will be hindered [6]. In addition, ROM limitation is asso-
ciated with a decline in technical motor skills and sports
performance [7-9] and has been reported to increase
the risk of muscle injury [10-12]. Therefore, ROM mea-
surement is an important testing technique for medical
professionals to appropriately understand a patient’s con-
dition and determine the effectiveness of treatment.

The measurement methods include measurements
based on radiographs [13-15], electronic goniometers
[16, 17], universal goniometers [18-19], and visual
estimation [20-22] and equipment such as three-
dimensional motion analysis devices [23]. Although
radiograph-based measurements are considered the gold
standard, they are difficult to obtain routinely in clini-
cal settings because of the high cost of equipment, lim-
ited measurement locations, and radiation exposure [24].
Therefore, in clinical practice, visual estimation, which
allows measurements to be performed without tools, or
measurements using inexpensive universal goniometers
are commonly used [25].

ROM measurements obtained using a universal goni-
ometer have been found reliable when performed by the
same examiner on the same day and within the same
session [26-31]. Akizuki et al. compared the accuracy
of ROM measurements between physical therapy stu-
dents and physical therapists with clinical experience and
reported that ROM measurement accuracy increased
with experience [32]. Although the accuracy of visual
estimation also improves with experience, it is less reli-
able than measurements obtained using a universal
goniometer [14, 33]. On the other hand, Blonna et al.
reported that visual estimation by experienced thera-
pists has higher measurement reliability and validity than
universal goniometric measurements [25]. Following
these findings, for physical therapy students with poor
measurement skills, visual estimation is expected to be
less accurate than goniometric measurement. Further-
more, as the accuracy of angle measurements improves
with practice, the accuracy of visual estimation is also
expected to improve, thereby narrowing the gap between

the two methods. However, the difference in accuracy
between visual estimation and goniometric measure-
ment by physical therapy students as well as how each
change with practice remain unclear. If these measure-
ments, which are commonly used in clinical settings, are
inaccurate, the assessment of severity and prediction of
prognosis will also be inaccurate, which may hinder the
selection of appropriate treatment methods. Improving
and mastering these customary measurement techniques
from student years is important for providing appropriate
medical care to patients in clinical settings after obtain-
ing qualifications as a physical therapist.

One factor that facilitates the acquisition of various
skills is feedback provided during practice. Feedback
refers to information provided externally as instruc-
tions regarding exercise results, such as knowledge of
results and knowledge of performance [34]. Akizuki et al.
(2020) reported that practicing using a feedback device
improved the accuracy of ROM measurements using a
universal goniometer in physical therapy students [35].
The study showed that providing feedback on all 15 prac-
tice trials improved measurement accuracy in physical
therapy students compared with a control group that
received no feedback. Various feedback methods exist,
and in recent years, the effectiveness of self-controlled
(SC) feedback has attracted attention. SC feedback allows
learners to choose or control their feedback schedules.
Previous studies investigating the effects of SC feedback
have typically included a yoked group. For example, each
participant in the SC group receives feedback on the
trials of their choice, whereas participants in the yoked
group receive feedback on the same trials requested by
the participants in the SC group. The purpose of this
procedure is to control the frequency and timing of feed-
back. The effectiveness of SC feedback in learning vari-
ous motor skills has been reported [36—41].

Although goniometric measurement and visual esti-
mation both involve the motor element of manipulat-
ing the subject’s limbs, the task is highly sensory in that
the correct angle must be visually judged. SC feedback
is also effective in mobilization for the lumbar spine,
a physical therapy technique [42]. When practicing a
mobilization task, learners learn the strength of force
applied to their fingers, i.e., their sense of touch, so the
task is considered to have a strong sensory element, and
SC feedback is thought to be effective for learning such
tasks as well. Several studies investigating self-controlled
learning adopt Zimmerman’s self-regulation of learn-
ing model [43] as the theoretical framework to under-
stand the potential benefits of self-controlled feedback
[36, 44, 45]. Zimmerman categorizes self-regulation into
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three phases: forethought, performance control, and self-
reflection. The forethought phase includes self-regulatory
processes that enable behavior prior to the action and
beliefs, such as SE, whereas the performance control
phase occurs during the actual execution of the behavior.
Finally, the self-reflection phase includes numerous self-
regulatory processes that occur after the performance.
Information from previous motor performance is used
for subsequent adjustments, and the three phases func-
tion cyclically, changing the SE and performance in the
process. SE is defined as the perception of one’s ability to
successfully perform a required behavior in a particular
situation [46]. In the field of medical education, Morton
et al. (2006) state that final-year medical students often
do not self-assess themselves properly and are unaware
that their skills are below the standard [47]. Even for
physical therapy students who have learned the ROM
measurement method, SE does not reflect the accuracy of
ROM measurement [48], indicating that students do not
accurately recognize their performance. Practice under
SC feedback conditions is expected to affect not only skill
acquisition but also SE, and several studies have investi-
gated the relationship between SE and performance after
self-regulation feedback. Ste-Marie et al. (2013) investi-
gated children learning trampoline skills and showed that
children in the SC group performed better than children
in the Yk group [49]. A hierarchical multiple regression
analysis was used to show that self-control as well as self-
efficacy at retention significantly predicted performance
at retention [45]. In addition, Kok et al. (2020) reported
that practice with SC feedback improved SE [44].

By utilizing the three phases of self-regulation in the
learning model, practicing under SC feedback condition
is predicted to promote physical therapy students’ acqui-
sition of ROM measurement and visual estimation skills.
In addition, during the process, students may correctly
recognize their skills and obtain SE that reflects their
measurement accuracy. However, to date, there have
been no reports on the effects of practicing SC feedback
on ROM measurements, a basic technique in physical
therapy. Therefore, this study investigated the effects of
SC feedback on the skill of ROM measurements using a
universal goniometer and visual estimation in physical
therapy students. In addition, we observed a relationship
between SE and measurement accuracy before and after
practice. We formulated the following three hypotheses:

1) Physical therapy students who have the opportunity
to choose when to receive feedback will more
effectively produce ROM measurement techniques
learning compared to students who do not have the
opportunity.

2) Visual estimation by physical therapy students is less
accurate than measurements made using a universal
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goniometer; however, accuracy improves with
practice.

3) The measurement accuracy and SE using the
universal goniometer, which were unrelated before
practice, become correlated after practice through
practice using SC feedback.

Methods

Study design and participants

This study was approved by the Ethics Committee of
the Kumamoto Health Science University (approval ID:
22007). Before the study, participants were asked for
their cooperation after they received a verbal explana-
tion of the contents of the study and how to handle the
results, based on the research manual. Participants were
requested to sign consent forms of their free will.

We conducted a prospective, 2 (feedback: SC versus
Yk) x 2 (measurement method: goniometric measure-
ment versus visual estimation) factorial, quasi-random-
ized study. The participants were 30 physical therapy
students (male: 18, female: 12, age: 19.6+0.83 years) at
a four-year university in Kumamoto Prefecture, Japan,
which included 22 s-year students and 8 third-year stu-
dents. Undergraduate students were recruited voluntarily
between May and November 2023. By the time of their
participation, they had completed lectures and exercises
on joint ROM measurements; however, they had never
performed ROM measurements on patients during train-
ing at a hospital.

A power analysis was conducted to estimate the sample
size using G*Power 3.1.9.7. We used repeated measured
analysis of variance (ANOVA), within-between interac-
tion with an « error level probability of 0.05, and a power
(1-B error probability) of 80%. The medium effect size
Cohen was set to f=0.25. The analysis described above
revealed that a total sample size of 40 was required for
this study. However, we were only able to collect data
from 30 participants due to the limited number of indi-
viduals who met the inclusion criteria during the recruit-
ment period.

Measuring equipment

The participants used a universal goniometer with a han-
dle length of 30 cm and angle marks at 1° increments. In
this study, the reference ROM values for the knee joint
were measured using ARMS software (ATR-promotions,
Kyoto, Japan) based on the measured values obtained by
two electronic accelerometers (TSND151, AMWS020;
ATR-promotions, Kyoto, Japan). The values measured
by the accelerometer were transferred to a computer
connected via Bluetooth, and the joint angles were cal-
culated based on these values and displayed on a screen
in real time. Previous studies have confirmed the reli-
ability of knee joint angle measurements using electronic
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accelerometers for various movements such as walking,
climbing stairs, and jumping. In particular, high reliabil-
ity has been reported for measurements in the sagittal
plane [50]. For left knee flexion measurements, an accel-
erometer was attached to the lower limb 5 cm from the
lateral epicondyle of the femur along the line connect-
ing the greater trochanter and lateral epicondyle of the
femur, whereas the other accelerometer was attached
5 cm from the fibular head along the line connecting the
fibular head and lateral malleolus. These landmarks were
identified by palpation. In addition, electronic acceler-
ometers were installed using the method described by
Yamamoto et al. [48]. All accelerometers were secured
with surgical tape, whereas elastic bandages were used
to prevent slippage. The joint angles calculated from the
accelerometer measurements and saved at a sampling
frequency of 1,000 Hz were displayed on a monitor using
ARMS software to notify individuals who underwent
ROM measurements of the joint angles.

Tasks

Goniometric measurement task

In this study, with reference to the study by Akizuki et al.,
the task was to measure the ROM of the left knee joint of
the subject in the supine position [35]. The landmarks for
the ROM measurement of the knee joint were the greater
trochanter, lateral epicondyle of the femur, fibular head,
and lateral malleolus. The angle formed by the line con-
necting the greater trochanter and lateral epicondyle of
the femur and the line connecting the fibular head and
lateral malleolus was measured in 1°steps by the partici-
pant using a universal goniometer (Fig. 1). No instruc-
tions were provided on how to locate the landmarks by
palpation, passively bend the joint, or apply a goniome-
ter to the measurement site. During the trials, the right
knee joint flexion was set to angles of 60° + 10°, 75° +
10°, and 90° + 10°. The person to be measured watched

=1 ﬂ; s

Fig. 1 Setup during the ROM measurement
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the display of the software, and when the set angle was
reached, announced that “the knee will not bend any
further” and resisted the force being applied to flex the
knee by the participant. Once the movement stopped,
participants measured the joint angle in 1° increments
using a universal goniometer. Furthermore, as soon as
they completed the measurements, they declared “done”
and reported the measurements to the experimenter. The
experimenter recorded the time at which the measure-
ment was completed using the time-recording function
of the ARMS software. The person to be measured was
the same for all participants.

Visual Estimation task

The visual estimation task was performed in the same
manner as the goniometric measurement task, with only
the method of measuring the joint angles being changed.
In this task, the subject passively flexed the subject’s left
knee joint, and when it stopped, observed it directly and
estimated the joint angle in 1° increments without using a
device such as a universal goniometer.

Procedure

The participants were quasi-randomly assigned to two
groups, a self-control group (SC group) and a Yoked
group (Yk group), except that there were an equal num-
ber of second- and third-year students in each group.
The number of students in each group was the same.
All participants participated in the two-day experiment
according to their assigned groups (Fig. 2). First, SE was
assessed before the pretest and prior to the practice.
Each item was rated on a 10-point Likert scale, where 1
indicated a lack of confidence and 10 indicated complete
confidence. Many studies on SE have used Likert scales,
though the number of points can vary, typically ranging
from 5 to 10 [51, 52]. According to Gist et al., when base-
line SE is high, there is limited room for improvement
[53]. Therefore, a 10-point Likert scale was chosen, con-
sistent with the method used to measure SE for shoulder
joint ROM assessment [54]. After measuring SE, three
trials [60° + 5°, 75° + 5°, and 90° + 5°%; in random order) of
both the visual estimation and goniometric measurement
tasks were conducted as a pretest. The practice was con-
ducted after the pretest. In the practice, 12 trials (3 tri-
als x 4 blocks) were conducted, and the three joint angles
were randomly set for three trials in each block. During
practice, after the visual estimation task, the participants
performed the goniometric measurement task while
keeping their left knee joint. There was a 30-second break
between each trial and a one-minute break between each
block. In this study, we designed the learning task and
experimental procedure based on the method of Akizuki
et al. [35] Their study adopted the same goniometry task
as our study and included 15 practice trials. However, we
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Self-efficacy measured before pretest
Pretest

Acquisition Phase
goniometric measurement task
visual estimation task
with SC or Yoked feedback
(3 trials x 4 Blocks)

Self-efficacy measured
before short-term retention test

Short-term retention test

24 hours after

Self-efficacy measured
before long-term retention test

Long-term retention test

Fig. 2 Measurement procedure

included an SE measure, a visual estimation task, and a
short-term retention test that were not included in their
study, which increased the time required to measure one
participant on the first day. The number of practice tri-
als was slightly reduced to 12 to reduce the burden on
participants.

During practice, participants in the SC group chose
whether to receive feedback at the end of each trial and
were given feedback on the goniometric measurement
task only during the preferred trials. The feedback infor-
mation was the joint angle displayed on the screen when
the subject declared completion of the measurement and
the experimenter verbally communicated it to the subject
in 1° increments. In contrast, the participants in the Yk
group were not given the opportunity to make a choice
and received feedback only on trials in which the corre-
sponding participants in the SC group received feedback.
In addition, the participants in the Yk group performed
the tasks in the same order as the corresponding partici-
pants in the SC group.

Ten minutes after practice ended, SE was measured
again, followed by a short-term retention test (STRT) in
the same manner as in the pretest. Approximately 24 h
after the end of the STRT, SE was measured, and sub-
sequently, the long-term retention test (LTRT) was con-
ducted in the same manner as the pretest. The STRT
indicates the immediate effects of practice, while LTRT
reflect the degree of motor learning. Furthermore, the
participants were not provided feedback on either test.
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Figure 2 represents the schematic diagram of the mea-
surement procedure. SE of the ROM was measured
before each test. In all the tests, the goniometric mea-
surement and visual estimation tasks were measured in
the same manner, with three trials each. In the practice,
the participants practiced each task for a total of 12 trials
(3 trials x 4 blocks). In addition, feedback was provided
according to the condition of the assigned group only
during practice, and no feedback was given to all partici-
pants during all tests.

Data processing and statistical analysis
First, since feedback frequency in the SC group varied
based on participants’ choices, we calculated it as the
ratio of the number of feedback instances to the total
number of trials in a block. Next, we set measurement
accuracy and measurement time as indicators of ROM
measurement technique. The measurement accuracy
indicates the accuracy of the technique, whereas the
measurement time indicates the smoothness of the tech-
nique. The main results of this study were the measure-
ment accuracy and measurement time of the goniometric
measurement and visual estimation tasks in each test and
the SE for ROM measurement before each test. First, the
accuracy of the goniometric measurement task was cal-
culated as the absolute error between the joint angle mea-
sured by an electronic accelerometer and that measured
by the student using a universal goniometer. Similar to
the goniometric measurement task, the measurement
accuracy of the visual estimation task was defined as the
absolute error between the joint angle measured using
the electronic accelerometer and the student’s visual esti-
mation. Next, for both the goniometric measurement
and visual estimation tasks, the measurement time was
defined as the time from the experimenter’s declaration
of the start of measurement to the participant’s declara-
tion of the completion of measurement and was mea-
sured in milliseconds. These results were averaged for
each task in the pretest, STRT, and LTRT. SE was defined
as the real number on a ten-point Likert scale as the SE
of the ROM measurement before each test measurement.
Statistical analysis was performed using IBM SPSS
ver.29 (IBM Corp., NY, USA). First, an analysis was con-
ducted to determine the degree of learning for each task
based on the differences in the accuracy of goniometric
measurements and visual estimation and the difference
in the way feedback was provided. A three-way analysis
of variance was conducted with measurement accuracy
as the dependent variable and testing, feedback, and
measurement method (3x2x2) as factors. A sub-test
using the Bonferroni method was performed if a signifi-
cant main effect or interaction was observed. A similar
analysis was conducted regarding the measurement time
of the goniometric measurement method and visual
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Fig. 3 Measurement accuracy. This figure shows the change in mea-
surement accuracy for the two tasks for each group. The error bars in the
graphs represent the standard error. SC-GMT, goniometric measurement
task of self-controlled group, Yk-GMT: goniometric measurement task of
the yoked group, SC-VET: visual estimation task of self-controlled group,
Yk-VET: visual estimation task of the yoked group; STRT, short-term reten-
tion test; LTRT: Long-term retention test

estimation. Finally, to confirm whether the SE of each
group was related to the measurement accuracy of the
goniometric measurement task, the measurement accu-
racy of the goniometric measurement task of each test
and the SE before each test were subjected to Spearman
correlation analysis. A similar analysis was performed on
the measurement accuracy of the visual estimation task.
In all analyses, a risk rate of less than 5% was considered
statistically significant.

Results

Feedback frequency

The feedback frequencies from block 1 to block 4 were
86.7+21.1%, 75.6 + 34.4%, 75.6 +36.7%, and 80.0 +30.3%
(mean * standard deviation) in order.

Measurement accuracy

The results of a three-way ANOVA with the measure-
ment error of each test as the dependent variable and 3
(test) x 2 (feedback) x2 (measurement method) as inde-
pendent variables revealed that among the within-subject
factors, there was a significant main effect of the test (F(2,
56)=13.756, p<0.001, r]p2:0.329) (Fig. 3). As a subtest,
the STRT and LTRT were significant compared to the
pretest using the one-way ANOVA and the Bonferroni
method, with the measurement accuracy of each test as
the dependent variable and the test as the independent
variable (both p <0.001). Furthermore, among the within-
subject factors, there was a significant main effect of the
measurement method, and the measurement error in the
goniometric measurement task was significantly lower
than that in the visual estimation task (F(1, 28)=8.343,
p=0.007, r]p2:0.230). Although there was a main effect
of feedback (F(1, 28)=0.644, p=0.429, np2:0.022), no
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Fig. 4 Measurement time. This figure shows the change in measurement
time for the two tasks for each group. The error bars in the graphs repre-
sent the standard error. SC-GMT, goniometric measurement task of self-
controlled group, Yk-GMT: goniometric measurement task of the yoked
group, SC-VET: visual estimation task of self-controlled group, Yk-VET: vi-
sual estimation task of the yoked group, STRT: short-term retention test,
LTRT: long-term retention test

interaction effects of feedback and test (F(2, 56)=0.698,
p=0.757, r]PZ:O.OlO), no interaction effects of feedback
and measurement method (F(1, 28)=1.396, p=0.247,
r]p2:0.047), no interaction effects of test and measure-
ment method (F(2, 56) =0.776, p=0.465, r]p2 =0.027 ), and
no interaction between feedback, measurement method,
and test (F(2, 56)=0.136, p=0.873, r]PZ: 0.005) were
determined.

Measurement time

The results of a three-way ANOVA with the measure-
ment time of each test as the dependent variable and 3
(test) x 2 (feedback) x 2 (measurement method) as inde-
pendent variables revealed that among the within-subject
factors, there was a significant main effect of test (F(2,
56)=31.683, p<0.001, np2:0.531) (Fig. 4). As a subtest,
the short-term and long-term retention tests were signifi-
cant compared to the pretest, using the one-way ANOVA
and the Bonferroni method, with the measurement accu-
racy of each test as the dependent variable and the test as
the independent variable (both p<0.001). Furthermore,
among the within-subject factors, there was a significant
main effect of the measurement method, and the mea-
surement time in the visual estimation task was signifi-
cantly shorter than that in the goniometric measurement
task visual estimation task (F(1, 28)=110.547, p<0.001,
r]p2 =0.798). Although there was a main effect of feedback
(F(1, 28)=808.225, p=0.731, r]p2:0.004), no interaction
effects of feedback and test (F(2, 56)=0.698, p=0.502,
r]p2:0.024), no interaction effects of feedback and mea-
surement method (F(1, 28) =0.542, p=0.468, r]P2 =0.019),
no interaction effects of test and measurement method
(F(2, 56)=2.597, p=0.083, r]p2 =0.085), and no interaction
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Fig. 5 (a) Relationship between measurement accuracy of the short-term retention test and SE before the short-term retention test for each group. (b)
Relationship between the short-term retention test measurement accuracy and SE before the long-term retention test in the SC group. In a, the vertical
axis shows the absolute error between the actual ROM and the measured value of the short-term retention test, whereas the horizontal axis shows self-
efficacy. For the dotted and regression lines, yellow represents the SC group, whereas blue represents the Yk group. In b, the vertical axis shows the same
as in a. The horizontal axis shows the SE at the long-term retention test, which represents the SC group. SE-STRT: self-efficacy at the short-term retention

test; SE-LTRT: self-efficacy at the long-term retention test.

between feedback, measurement method, and test (F(2,
56)=0.528, p=0.593, r]p2 =0.019) were determined.

Correlation between SE and measurement accuracy

A correlation analysis between SE before each test and
the measurement accuracy of the goniometric task of
each test in the SC group revealed that SE before the

STRT had a moderately significant negative correlation
with the measurement accuracy of the STRT (p= -0.675,
p=0.006) (Fig. 5a). In addition, SE before the long-term
retention test had a moderately significant negative cor-
relation with the measurement accuracy of the STRT (p=
-0.636, p=0.011) (Fig. 5b). Subsequently, we conducted a
similar analysis in the Yk group and found that SE before
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the STRT had a moderately significant negative cor-
relation with STRT measurement accuracy (p=-0.635,
p=0.011) (Fig. 5a). Additionally, a correlation analysis
between the measurement accuracy of the visual estima-
tion task for each test and the SE before each test in both
groups showed no significant correlation.

Discussion

This study investigated the effects of SC feedback on
physical therapy students’ skills for ROM measurement
and visual estimation employing a universal goniom-
eter used by medical professionals such as doctors and
physical therapists. In addition, we observed a relation-
ship between SE and measurement accuracy before and
after practice. As the results, the measurement accuracy
of goniometric measurements and visual estimation
improved and the time required for measurement was
reduced in both the SC and Yk groups through practice.
While the measurement accuracy of visual estimation
was lower than that of angle measurement, the measure-
ment time of angle measurement was longer than that of
visual estimation. No differences were detected between
the SC and Yk groups. Before practice, SE did not reflect
the measurement accuracy of ROM measurements made
by physical therapy students, but after practice, it began
to reflect the measurement accuracy. In the SC group, SE
on the day after practice showed a correlation with the
measurement accuracy immediately after practice. To our
knowledge, this is the first study to examine the effects of
SC feedback on the ROM measurement practice.

First, regarding measurement accuracy, the results of
this study showed that regardless of how feedback was
given, practicing with feedback improved the accuracy of
ROM measurement using a goniometer in physical ther-
apy students. Moreover, this skill was maintained the day
after practice. These results revealed that practice using
feedback improved the accuracy of ROM measurements
in physical therapy students. Akizuki et al. reported
that a feedback device using an electronic goniometer
improved students’ measurement accuracy when practic-
ing passive ROM measurements of the knee joint using
a goniometer [35]. The tasks used in this study could be
characterized as perceptual tasks in which the angle was
visually judged. Sietz et al. examined the effect of feed-
back on learning in the visual direction-discrimination
task and reported that learning occurred only when
feedback was used [55]. Feedback related to learners’
responses has been reported to be similarly effective in
learning a vernier discrimination task [56], demonstrat-
ing its effectiveness in visual perceptual tasks. However,
the effectiveness of SC feedback was not demonstrated in
the present study. Although the number of practice tri-
als in this study was 12, which was not large, one study
that verified the motor learning effect of self-selecting the
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objects to be used reported that it was effective after 15
trials [57]. Furthermore, task-relevant choices, such as
feedback, have been reported to be more effective than
task-irrelevant ones, such as the items used [58]. Consid-
ering these factors, it should have been easier to observe
the effects of SC feedback in this study, but this was not
the case. St Germain et al. stated that feedback charac-
teristics are more important determinants of motor
learning than the presence or absence of selection [59].
In this study, as the SC group used feedback frequently,
the Yk group received frequent feedback during practice
as well. Janelle et al. reported that participants in the SC
group requested feedback only in 7% of the practice tri-
als [37]. In addition, Chiviacowsky and Wulf reported
that feedback was requested on 44.7% of practice trials in
the first practice block, but this decreased to 28% in the
final practice block [40]. In contrast, in the present study,
the frequency of feedback hardly decreased over practice.
Wulf and Shea reported that 100% feedback, where feed-
back is given on every trial, is more effective for learning
complex motor tasks than 50% feedback, where feedback
is given every other trial [60]. Therefore, it is possible that
the effect of practicing with high-frequency feedback was
greater for low-skilled physical therapy students than
the effect of SC of feedback, leading to similar learning
effects in both groups.

Second, regarding the accuracy of visual estimation, the
results of this study showed that similar to measurements
using a universal goniometer, the accuracy of visual esti-
mation improved with practice, and this skill was main-
tained even the day after practice. The improved visual
estimation accuracy in both groups might have influ-
enced the improvement in measurement techniques
using the universal goniometer. Kantak and Winstein
emphasized the importance of encoding processes such
as error estimation during practice in motor learning
[61]. Error estimation during practice is reportedly effec-
tive for learning if feedback is continuously provided
[62]. In this study, because the SC group requested feed-
back frequently, both groups performed goniometric and
visual estimation tasks with frequent feedback. By receiv-
ing frequent feedback on a task for which they had previ-
ously not received any feedback, participants processed
information more accurately compared with their previ-
ous in-school practice without feedback. In addition, it is
argued that the learners in both groups developed error
detection ability (error estimation) and could modify
motor programs more precisely. Consequently, the value
of the feedback information provided was maximized by
comparing the perceived error to the actual error, and the
effect of SC was relatively small.

In addition to improving the accuracy of both the uni-
versal goniometer measurement and visual estimation,
practice with feedback also shortened the measurement
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time for both methods. However, measurements using a
universal goniometer require more time than visual esti-
mation, likely because visual estimation does not use a
universal goniometer; therefore, it does not take much
time. Using visual estimation, the participants com-
pleted the measurement in a shorter time; however, as
mentioned earlier, the measurement accuracy was lower
than that using a universal goniometer. Hancock et al.
reported that the visual estimation accuracy was lower
than measurements using a universal goniometer among
orthopedic surgeons, orthopedic trainees, and physical
therapists [63]. Contrariwise, Blonna et al. examined the
accuracy of angle measurements and visual estimation
by four observers with different levels of experience; they
reported that the accuracy of visual estimation made by
experienced observers (experienced physicians and phy-
sician assistants) was superior to that of the accuracy of
goniometer measurements made by less experienced
observers (researchers and study coordinators) [25].
Although the physical therapy students who participated
in this study improved the accuracy of their visual esti-
mation through practice using feedback, the amount of
practice and experience was still limited, and the differ-
ence in measurement accuracy with goniometric mea-
surements remained unchanged. Watkins et al. suggested
that ROM measurements of a patient’s knee should be
performed repeatedly using a goniometer to minimize
errors associated with the measurements [30]. For these
reasons, measurement using a universal goniometer than
visual estimation is recommended for students and other
inexperienced healthcare professionals.

Regarding SE of ROM measurement, as reported in a
previous study [48], SE before the pretest measurement
did not reflect the accuracy of ROM measurement using
a universal goniometer. However, for both groups, SE
before the STRT measurement, immediately after prac-
tice, was related to measurement accuracy at that time.
Normally, students do not know the actual ROM when
learning techniques in lectures or through independent
practice; therefore, it is difficult for them to understand
their own skills correctly. However, in the present study,
as physical therapy students correctly recognized their
own measurement accuracy through practice using feed-
back, a relationship between SE before the STRT and
the measurement accuracy of the test was determined.
Regarding SE on the day after practice, only the SC group
was associated with measurement accuracy immediately
after practice; however, it did not reflect measurement
accuracy on the day after practice. Self-regulation of the
learning model was the reason SE on the day after prac-
tice was related to measurement accuracy immediately
after practice only in the SC group. During the prac-
tice, the SC group reflected on the trials they had per-
formed and repeatedly considered whether they needed
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to receive feedback. In other words, the three-stage cycle
of forethought, performance control, and self-reflection
in self-regulation learning was strengthened, and the SC
group was able to process information more deeply. As
a result, it is believed that the SC group formed SE that
was appropriate to the situation of the STRT trial, even
though the test trial was not given feedback. However,
because the measurement accuracy changed consider-
ably from immediately after practice to the day after
practice, there was no relationship between SE and mea-
surement accuracy on the day after practice. Baaji et al.
reported that dental students are guaranteed a certain
level of competency at the end of their undergraduate
training; however, the level of SE varies from student to
student and improves over a year as they gain experience
after graduation [64]. In the SC group, by incorporating
feedback into practice, students correctly recognized
the measurement accuracy at that point; however, the
amount of practice in this study possibly was insufficient
for SE to fully reflect the measurement accuracy after
learning.

Finally, the results of this study revealed that physi-
cal therapy students’ ROM measurement skills of uni-
versal goniometer measurement and visual estimation
improved, and they learned through practice with feed-
back. However, even with improved measurement tech-
nique, visual estimation remains less accurate than
measurements obtained using a universal goniometer.
This study demonstrated the effectiveness of feedback as
a method for acquiring ROM measurement techniques
for physical therapy students.

Limitations of the study

This study has several limitations. First, despite having
calculated the sample size in advance, we were unable to
recruit a sufficient number of participants. The post hoc
power analysis using the sample size and effect size of this
study indicated that the power was not sufficient (0.19). If
the study results are based on an inadequate sample size,
the results of statistical analyses may be overestimated.
This means that it can be difficult to determine whether a
study’s findings are true or whether they can be extrapo-
lated to a larger population. Therefore, we propose con-
ducting further research with a larger sample size to
determine the motor learning effects of practice by using
feedback on ROM measurement techniques.

Second, while this study only compared the SC group
and the Yk group, studies examining the effects of SC
feedback may compare them with a control group for
which no feedback is given, or a 100% feedback group in
which feedback is given on all trials [37, 42]. The results
of this study showed that high-frequency feedback
induced motor learning in both groups. However, since
no comparison was made with 100% feedback, the most
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frequent feedback, interpretation of the results remains
speculative. Incorporating control and 100% feedback
groups could enhance the clarity of our results. In the
future, in addition to increasing the number of partici-
pants, adding a control group and a 100% feedback group
as new conditions will likely help to clarify more effective
methods of feedback and gain insight into that feedback’s
mechanisms.

Third, the instruments and methods used for evalu-
ation present limitations. The tool employed to assess
self-efficacy was adapted by our research team. Despite
reference to previous research, the validity of this instru-
ment, particularly the single-item SE scale, may still be
questioned.

Finally, this study evaluated only knee flexion ROM
measurements and focused on short-term practice
effects; therefore, it remains unclear whether the findings
can be generalized to measurements of other joints or
whether long-term feedback impacts motor learning dur-
ing ROM measurement practice. Therefore, in the future,
the team plans to apply feedback-based training to mea-
sure joints other than the knee and verify its effects over
a longer period.

Conclusions

This study demonstrated that practice with external
feedback improved the accuracy of students’ ROM mea-
surements and visual estimation and shortened the mea-
surement time. Furthermore, the results showed that the
learning effect persisted after 24 h. However, the effec-
tiveness of SC feedback could not be clarified. It was also
revealed that SE after the end of the practice was tempo-
rarily related to measurement accuracy at that time. We
believe that providing external feedback will lead to effec-
tive educational methods promoting the use of physical
therapy techniques.
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