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Proprioceptive accuracy is not associated with
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Purpose: Proprioception plays an essential role in motor control and in psychological functioning: it is the basis of
body schema and the feeling of body ownership. There are individual differences in the processing accuracy of
proprioceptive stimuli. Although proprioceptive acuity plays an important role in physical competence, there are
contradictory findings concerning the role it plays in healthy psychological functioning. This study aims to shed more
light on this association. Material and methods: Sixty-eight young adults participated in this study. We estimated
proprioceptive acuity by the reposition accuracy of elbow joint positions. We tested both dominant and non-dominant
hands with two different versions of Joint Position Reproduction Test. Perceived physical competence, body
awareness, and affectivity were assessed using questionnaires (Physical Competence scale of Body Consciousness
Questionnaire, Somatic Absorption Scale, and Positive and Negative Affectivity Schedule, respectively). Results:No
significant association between proprioceptive acuity and body awareness, perceived body competence, and positive
and negative affect was found. Conclusion: Proprioceptive acuity, measured in the elbow joint, does not play a
substantial role in body awareness, perceived body competence, and affect.
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Introduction

Based on our proprioceptive sense, we are able to assess the relative position of our body
parts, our posture, and the tightness of our muscles, even in the absence of visual stimuli (36).
This ability relies on signals coming from mechanoreceptors located in the muscles (muscle
spindles), tendons (Golgi organs), ligaments, and skin (27). Beyond the aforementioned static
sensations, proprioception plays an essential role in motor control. It provides the central
nervous system with afferent information about the actual position and state of various parts
of the sensorimotor system, which helps it to maintain muscle tone, body posture, and
seamless movements to achieve the desired state (26).

The majority of the aforementioned processes is automatic and does not require
attention or conscious effort. To some extent, we are also able to sense the position of
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joints and muscle tone consciously (7); however, there are considerable individual
differences in the processing of proprioceptive stimuli, for example, with respect to its
accuracy (13).

A number of methods have been developed to measure various aspects of proprioceptive
acuity or accuracy. Concerning the position of the joints, one of the most widely used tests is
the Joint Position Reproduction Test (8). In this test, the task of the participants is the
reproduction of the target position of a given body segment without visual feedback. The test
starts with placing the reference body part from starting position into the target position.
Later, in ipsilateral condition, the body part is moved back into the starting position, and the
participant is asked to reproduce the target position with the same limb. In contralateral
condition, however, the reference limb stays in the target position, and the reproduction
occurs with the contralateral limb (8).

Proprioceptive acuity plays an important role in various aspects of physical
competence. For example, it is associated with higher level of sport performance
(11, 14), and reversely associated with the number of sport injuries (4, 12, 24, 25).
Beyond motor control, proprioception also impacts psychological functioning. One of the
first steps in the development of the self is the differentiation between the body and the
environment. In this progression, it is fundamental to implement and recognize
self-generated movements (16). This is possible by comparing proprioceptive afferent
signals with corollary discharge, which is the predicted state of the body based on the
efferent copy of motor command (21, 42). Proprioception yields the basis of body schema,
which is a complex representation of the body that operates mainly on a not conscious
level, and gives rise to motor control and cognition (7). Proprioceptive information may
also play a role in the formation of emotions. For example, muscle tone increases in
stressful situations (20), and the systematic relaxation of the muscles can in turn reduce
anxiety (29).

A number of studies demonstrate the positive association between proprioceptive
processing and healthy psychological functioning. Worse than average acuity is
associated with schizophrenia (5, 33, 34) and fibromyalgia (2). Higher acuity is not
always associated with positive conditions, however; for example, somatoform
patients are more precise than healthy controls when they have to judge their
muscle tone (35). There are also studies that report no association between proprioceptive
processing and the severity of subclinical or clinical mental illnesses (1, 19, 28,
31, 32, 38).

Theoretically, consciously accessible proprioceptive abilities, for example, physical
performance or the perception of the position of the body and its parts might interact with and
contribute to the self-concept in multiple ways. First, those with higher levels of dispositional
body-focused attention (also known as body awareness) might realize and correct errors
between expected and actual body positions more readily, which leads to higher proprio-
ceptive accuracy over time. Second, proprioceptive accuracy contributes to better physical
performance and perceived body competence. Finally, the latter positively affects self-esteem
(37), which is associated with higher levels of positive affect and lower levels of negative
affect (40, 41).

This study aims to assess the assumed associations between proprioceptive accuracy and
high-level psychological constructs. It was expected that proprioceptive accuracy is posi-
tively associated with body awareness (H1), perceived body competence (H2), and positive
affect (H3), and reversely associated with negative affect (H4).
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Materials and Methods

Participants
A priori power analysis for a medium-level association (r= 0.3, one-tailed, α= 0.05, and
1–β= 0.80) indicated n= 67 as minimum necessary sample size (G*Power v3.1.9.2) (6).
Participants of the study were undergraduate university students (n= 68, age: 21.1± 1.49
years, 52.9% female, 92% right-handed); they participated in the study for partial course
credit. Most of them attend in regular (although not elite level) sport activity; they spent
9± 5.014 h a week with sport training in average. The study was approved by the Research
Ethics Committee of the university; all participants signed informed consent forms before
participation.

Questionnaires
To assess body awareness, participants filled out the Somatic Absorption Scale (SAS) (18).
The questionnaire was developed to measure non-pathological tendency to monitor body
processes. It contains 19 items, for example, “When I watch TV or a movie, I am very aware
of my bodily reactions.” Two out of 19 items are reversed. Participants have to rate statements
on a 5-point Likert scale. Higher final scores on the scale indicate higher levels of bodily
awareness. In this study, Cronbach’s α value was 0.794, showing adequate internal
consistency.

Body competence was measured by the Physical Competence subscale of the Body
Consciousness Questionnaire (BCQ-PC) (22). This scale consists of four questions
concerning various aspects of perceived physical competence, for example: “I’m better
coordinated than most people.” Higher values mean higher levels of perceived
competence. Internal reliability, measured by Cronbach’s α, was sufficient, with a value
of 0.779.

Positive and Negative Affectivity Schedule (PANAS) (9) was used to measure affect.
This questionnaire was developed to measure the current (state) or general (trait)
emotional state of a person. We used trait instruction in this study. The questionnaire
consists of 10 items to measure positive affect, e.g., enthusiasm, and 10 items to measure
negative affect, e.g., nervousness. Participants have to rate how often they feel the given
emotional state on a 5-point Likert scale. Higher total scores refer to higher levels of
positive and negative affect, respectively. Cronbach’s α of the positive scale was 0.876
and the negative scale was 0.920 in this study, both indicating a high level of internal
consistency.

Proprioceptive measurements
We used the Joint Position Reproduction Test (8) to measure proprioceptive acuity. We
measured the position of the elbow joint, and tested both dominant and non-dominant
hands of the participants with the two above-described versions (i.e., ipsilateral and
contralateral conditions) of the test. Overall, four tests (each with five trials) were
performed: ipsilateral dominant (ID), ipsilateral subdominant (IS), contralateral dominant
(CD), and contralateral subdominant (CS). In each case, participants were in a seated
position with the elbow placed on a rotatable board at shoulder height, with eyes closed
and covered. Before each trial, the arm of the participant was fully stretched (starting
position), then it was moved to the target position. In ipsilateral condition, the arm was
moved back to the starting position, and the participant’s task was to reproduce the target
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position by actively moving the same arm. In contralateral condition, the reference arm
stayed in the target position, and the reproduction happened with the contralateral arm. We
used 5 target positions: 150°, 120°, 90°, 60°, and 30°. The positions were presented in a
random order. We could measure the position of the elbow joint with a precision of
±1°. Proprioceptive accuracy in each test was calculated as the absolute value of the
average difference between the degree of the target and reproduced position; higher scores
refer to lower levels of accuracy. Internal consistency was in the acceptable domain
(i.e., Cronbach’s α above 0.65) for two tests out of four (ID: 0.557, IS: 0.677, CD: 0.659,
CS: 0.603).

Procedure
Participants filled out the Hungarian versions of the questionnaires online at home, on the day
before the proprioception measurements the latest. The order of the questionnaires was the
same for every person, i.e., PANAS, SAS, and BCQ-PC. The assessment of proprioceptive
acuity was conducted in the laboratory of the university. Participants were asked to wear
comfortable clothes, not to conduct hard physical exercise, and avoid the use of any
psychoactive drugs, including caffeine and alcohol 12 h before the experiment. We
randomized the order of the four proprioceptive measurements to avoid the effect of learning
or fatigue. Participants were seated in a chair with adjustable height. We could also adjust the
length of the rotatable board to achieve a standard position for the Joint Position Reproduc-
tion Test: upper arms were parallel with the ground and with the line of the upper body.
During the task, only the elbow joint moved.

Statistical analyses
Statistical analysis was conducted using the JASP v0.9.0.1 software (15). As the
Shapiro–Wilk test indicated significant deviation from normality for several variables,
hypotheses were tested using the Spearman’s correlation. As direction of associations was
inherent part of our hypotheses, one-tailed significance tests were used. To avoid inflation
of type 1 error due to a high number of independent analyses, the accepted level of
significance was set to 0.05/16 = 0.003 (Bonferroni correction). Beyond the widely
used frequentist method, we also used the Bayesian approach to evaluate our
hypotheses. In Bayesian statistics, the probability of an alternative hypothesis compared
to the null hypothesis is calculated; thus, the major caveats of the frequentist
statistics (e.g., issues with types I and II error) can be avoided. If the so-called Bayes
factor (BF10) is smaller than 1, the null hypothesis is more probable than the alternative
hypothesis (17).

Results and Discussion

Results
Descriptive statistics of the assessed variables are presented in Table I.

Frequentist correlation analyses revealed no significant correlation between
proprioceptive error and any of the assessed psychological constructs (for details, see
Table II).

Bayesian analysis supported this conclusion, as all BF10 values are below 1 (Tables II
and III).
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Discussion
Contrary our hypotheses, no association was found between indicators of proprioceptive
acuity with respect to the elbow joint and perceived body awareness (H1), body competence
(H2), and positive and negative affect (H3 and H4, respectively).

We hypothesized that a higher level of dispositional body awareness leads to greater
attention to proprioceptive signals, which is associated with higher proprioceptive accuracy.

Table I. Descriptive statistics of the assessed variables

Variable Mean± SD Minimum Maximum

Proprioceptive error (ipsilateral
dominant)

6.40± 3.794 0.00 19.00

Proprioceptive error (ipsilateral
subdominant)

5.13± 4.359 0.00 20.00

Proprioceptive error (contralateral
dominant)

5.71 ± 3.758 0.00 17.00

Proprioceptive error (contralateral
subdominant)

5.34± 3.454 0.00 12.00

Body awareness (SAS) 61.62± 8.513 45.00 86.00

Body competence (BCQ-PC) 14.51± 3.005 9.00 20.00

Positive affect (PANAS-P) 37.09± 6.093 18.00 50.00

Negative affect (PANAS-N) 18.82± 7.461 10.00 38.00

For proprioceptive error, higher values refer to lower levels of acuity. SAS: Somatic Absorption Scale; BCQ-PC: Body
Consciousness Scale – Physical Competence Subscale; PANAS-P: Positive and Negative Affectivity Schedule –

Positive Affectivity subscale; PANAS-N Positive and Negative Affectivity Schedule – Negative Affectivity subscale

Table II. Correlations (Spearman’s ρ coefficients) between variables: frequentist approach

Proprioceptive
error (ipsilateral

dominant)

Proprioceptive
error (ipsilateral
subdominant)

Proprioceptive
error (contralateral

dominant)

Proprioceptive
error (contralateral

subdominant)

Body awareness
(SAS)

−0.069; p= 0.287 0.031; p= 0.600 0.002; p= 0.506 0.020; p= 0.564

Body competence
(BCQ-PC)

0.139; p= 0.870 0.080; p= 0.739 0.055; p= 0.673 −0.051; p= 0.341

Positive affect
(PANAS-P)

0.026; p= 0.582 −0.072; p= 0.282 0.027; p= 0.587 0.000; p= 0.500

Negative affect
(PANAS-N)

−0.019; p= 0.561 0.268; p= 0.014 0.075; p= 0.271 −0.097; p= 0.784

One-tailed significance, Bonferroni-corrected level of significance is 0.003. SAS: Somatic Absorption Scale; BCQ-
PC: Body Consciousness Scale – Physical Competence subscale; PANAS-P: Positive and Negative Affectivity
Schedule – Positive Affectivity subscale; PANAS-N Positive and Negative Affectivity Schedule – Negative
Affectivity subscale
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Our findings do not support the existence of this relationship. According to previous
studies that showed positive association between physical activity and proprioceptive
acuity (8, 30), proprioception can be improved by physical activity, but apparently not by
body-related attention.

Although proprioceptive accuracy is associated with physical performance in elite
athletes (11, 14), we found no association between proprioceptive accuracy and perceived
body competence in this study. The explanation might be the difference between the samples
(elite athletes vs. sport-oriented university students), or that objective and subjective body
competence may not completely overlap. The results show that proprioceptive acuity does
not play a role in perceived physical competence.

According to our hypothesis, more accurate processing of proprioceptive signals is
associated with more effective implementation of movements, which results in higher levels
of self-efficacy and self-esteem (37), and in higher level of positive, and lower level of negative
affect. In contrary to this assumption, we found no correlation between affect and propriocep-
tive acuity. However, empirical evidence indicates that the condition of the locomotor system
has an important role in emotional processing. According to Cacioppo et al. (3), contraction of
arm extensor muscles activates the avoidance system, as demonstrated by faster processing of
negative words or more negative judgment of neutral stimuli, while the contraction of flexor
muscles activates the approach system, which is associated with faster processing of positive
words, or more positive judgment about neutral stimuli (3, 23). Our results show that
proprioceptive acuity does not play such a relevant role in experiencing negative or positive
emotions to make a trait-level difference between people in affectivity.

Limitations
In general, the proprioceptive acuity of the elbow joint does not necessarily represent a
general proprioceptive ability, as proprioceptive accuracies measured in different joints do
not correlate (10, 39).

Concerning the ecological validity of our findings, it is worth noting that the Joint
Position Reproduction Test requires conscious effort, whereas proprioception and motor

Table III. Correlations (Kendall’s τ coefficients) between variables: Bayesian approach

Proprioceptive
error (ipsilateral

dominant)

Proprioceptive
error (ipsilateral
subdominant)

Proprioceptive
error (contralateral

dominant)

Proprioceptive
error (contralateral

subdominant)

Body awareness
(SAS)

−0.009; BF10= 0.141 0.037; BF10= 0.230 −0.008; BF10= 0.143 0.030; BF10= 0.215

Body competence
(BCQ-PC)

0.080; BF10= 0.418 −0.032; BF10= 0.115 0.068; BF10= 0.349 0.036; BF10= 0.288

Positive affect
(PANAS-P)

0.031; BF10= 0.216 0.003; BF10= 0.159 0.004; BF10= 0.161 −0.055; BF10= 0.098

Negative affect
(PANAS-N)

−0.023; BF10= 0.197 −0.061; BF10= 0.317 0.069; BF10= 0.088 0.187; BF10= 0.047

One-tailed significance. SAS: Somatic Absorption Scale; BCQ-PC: Body Consciousness Scale – Physical Compe-
tence subscale; PANAS-P: Positive and Negative Affectivity Schedule – Positive Affectivity subscale; PANAS-N:
Positive and Negative Affectivity Schedule – Negative Affectivity subscale; BF10: Bayes factor.
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control work automatically most of the time (7). The two processes (i.e., conscious and
automatic) might not completely overlap or relate. Empirical evidence also shows that body-
focused attention has a negative impact on physical performance, presumably because of the
disruption of automatic processes (43).

Low Cronbach’s α, measured in the half of the tasks, also represents a limitation of this
study. It may be the result of proprioceptive acuity measured in the elbow joint being a non-
unidimensional construct, as the accuracy can vary depending on the spatial position, and on
the magnitude of the movement (8).

Conclusion

Although proprioception plays a fundamental role in motor performance and in psychological
functioning, proprioceptive acuity, measured in the elbow joint, was not associated with
perceived body awareness, body competence, and affectivity.
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