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Abstract 

Objectives: To develop an Internet of Things (IoT) enabled ultrasonic system for 

volleyball attack and block jump measurement and to examine its preliminary 

measurement performance and expert-rated feasibility. 

Materials and Methods: A research and development study was conducted at 

Universitas Tanjungpura and Yuso Kalbar Volleyball Academy, Indonesia. The study 

documentation identified 60 purposively selected novice volleyball athletes aged 15–20 

years; available results described a five-athlete pilot and a 20-athlete field trial. Five 

experts evaluated the prototype. Sensor and manual measurements were summarized 

using descriptive statistics, relative errors, and reported Pearson correlations. 

Results: In the pilot, mean reference and sensor readings were 300.4 and 296.8 cm, 

respectively, with a mean absolute difference of 3.6 cm and a reported mean relative 

error of 1.20%. In the field trial, mean IoT and manual values were 65.2 and 64.2 cm for 

attack jumps and 56.4 and 55.4 cm for block jumps. Reported relative errors were 1.56% 

and 1.81%, respectively. Pearson correlations were 0.999 and 0.997 (both p < .001). The 

reported overall expert score was 4.25/5. The relationship between pilot readings and 

displacement-based field outcomes was not documented. 

Conclusions: The prototype showed promising preliminary feasibility and strong 

associations with manual measurements. Agreement, repeatability, and sensitivity to 

training-related change require further evaluation before the system can be considered 

interchangeable with reference methods or effective for improving athletic performance. 

Keywords: volleyball; vertical jump; ultrasonic sensor; Internet of Things; measurement 

validity 

Introduction 

Attack and block actions make vertical jumping an important component of volleyball 

assessment. However, the value of a jump measurement depends on the task performed 

and the quantity being measured. Volleyball-specific attack and block jump tests provide 

information that should be interpreted alongside, rather than automatically substituted 

for, standardized countermovement and squat jump tests. Sattler et al. (2012) 

demonstrated high reliability for volleyball-specific jumping tests and identified 
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differences associated with playing position. These findings support the assessment of 

attack and block actions within their own technical contexts. 

Digital measurement tools offer practical alternatives for collecting jump information 

outside a laboratory. Their usefulness nevertheless depends on validation against an 

appropriate reference. In elite youth volleyball players, Borges et al. (2017) evaluated a 

wearable jump monitor against a jump-and-reach reference and observed systematic 

overestimation. Skazalski et al. (2018) subsequently found that a wearable device counted 

volleyball jumps accurately but that its height estimates were less suitable when precise 

maximal-jump assessment was required. Thus, successful jump detection does not 

necessarily establish accurate height measurement. 

Recent validation studies also show that the performance of a digital tool depends on the 

outcome, calculation method, and testing conditions. Vieira et al. (2023) supported 

smartphone-based estimates of jump height while cautioning against extending those 

conclusions to velocity and power. Medeiros et al. (2024) evaluated a smartphone 

application specifically in elite women beach volleyball players on sand. These studies 

illustrate the importance of evaluating a device for its intended population, surface, and 

measured variable rather than assuming that validity transfers between settings. 

Ultrasonic sensing provides another approach to tracking vertical position. Baumgart et 

al. (2017) compared an ultrasonic positioning system with force-plate and video methods 

and reported high trial-to-trial reliability alongside systematic differences in measured 

height. Therefore, ultrasonic jump measurement itself is an established approach. A 

useful development question is whether a locally implemented ultrasonic device, 

combined with internet-based recording and a website interface, can support the 

assessment of volleyball-specific jumps in a particular coaching environment. 

The present development project addressed this practical question at Universitas 

Tanjungpura and Yuso Kalbar Volleyball Academy in West Kalimantan, Indonesia. The 

intended contribution was a portable measurement-and-recording workflow linking 

ultrasonic readings with athlete information and session records. Its novelty lies in the 

prototype and its contextual application; the available evidence does not support a claim 

that it is the first ultrasonic or internet-connected jump measurement system. The 

objectives were to develop the system, evaluate expert-rated feasibility, and examine 

preliminary relationships and differences between sensor and manual measurements 

during attack and block jump assessment. 

Materials and Methods 

Study Design 

The study used a research and development approach organized around the ten-stage 

Borg and Gall development framework described in the source manuscript (Gall et al., 

1996). Development was described as extending across two years, with prototype 

construction and feasibility assessment in the first year and an effectiveness phase in the 

second. Observations, interviews, and documentation supported identification of 

practical requirements and development of the system. The available numerical evidence 

comprises pilot measurements, field-trial summaries, expert ratings, and comparisons 

with manual measurements. 

The source documentation also described a quasi-experimental pretest–posttest control-

group component. However, it did not provide group sizes, baseline and follow-up 
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results, intervention exposure, or group-by-time estimates. Consequently, the present 

article reports the available development and measurement-comparison findings and 

does not infer an intervention effect from between-method differences. 

Study Participants 

The documented recruitment pool comprised 60 novice volleyball athletes associated 

with the Faculty of Teacher Training and Education, Universitas Tanjungpura, 

Pontianak, and Yuso Kalbar Volleyball Academy. Purposive selection criteria were 

regular participation in training, age between 15 and 20 years, and basic competence in 

attack and block techniques. Pilot results were presented for five athletes and field-trial 

results for 20 athletes. Whether these subsets overlapped or how they related to the 

remaining recruited athletes was not specified; the reported recruitment total should 

therefore not be interpreted as the denominator for every analysis. 

Five experts participated in prototype appraisal: two volleyball coaches, two information 

technology specialists, and one specialist in testing and measurement. Participant sex 

distribution, anthropometric characteristics, recruitment dates, sample-size justification, 

and expert selection criteria were not supplied in the available documentation. Ethics 

approval, participant consent, and parental permission procedures for participants 

younger than 18 years require confirmation from the authors before submission. 

Study Organization 

The prototype combined ultrasonic sensing with an IoT connection and a website-based 

interface. Its intended functions were to acquire measurements during attack and block 

jumps, associate records with individual athletes, and make session data accessible to 

coaches and athletes. Portability and internet-based storage were described as product 

features. Transmission latency, missing-data frequency, processing speed, and long-term 

durability were not quantified in the reported trials. 

Development activities included identifying measurement needs through observation and 

interviews, constructing the prototype, comparing its readings with a manual reference, 

obtaining expert feedback, and conducting pilot and field testing. Manual measurement 

served as the comparison method; the make, model, and measurement protocol of the 

reference instrument were not specified. The sensor model, mounting configuration, 

sampling frequency, peak-detection algorithm, calibration procedure, and conversion 

from distance readings to reported jump outcomes were also not sufficiently detailed for 

independent replication. 

The pilot table contained five paired reference and sensor readings in the range of 

approximately 294–305 cm. These are retained as recorded heights because the 

documentation did not establish whether they represent absolute reach, another 

positional measure, or vertical displacement. The field table reported attack and block 

outcomes in a range of approximately 52–70 cm. These two sets of values are presented 

separately; their underlying measurement definitions must be verified before they can be 

interpreted as equivalent outcomes. 

Experts rated functional suitability, accuracy and reliability, ease of use, and technological 

innovation on a five-point scale. The reported category for each aspect was “good.” 

These ratings represent expert appraisal of the prototype, including perceived 

measurement quality; they are distinct from empirical estimates of repeatability or 
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instrument agreement. The category thresholds and item-level rating data were not 

provided. 

Statistical Analysis 

Analyses were described as being conducted in IBM SPSS Statistics, although the source 

abstract identified version 26 and the methods identified version 31. No software version 

is assigned here pending verification. Descriptive outcomes included means, standard 

deviations, minima, and maxima. Pilot absolute differences were obtained as the absolute 

value of the sensor reading minus the reference reading. The pilot relative error was 

consistent with 100 × |sensor − reference| / reference, averaged across the five 

observations. Field relative errors are reproduced as reported because individual field 

measurements were unavailable. 

Pearson coefficients are reported as associations between methods, with their source-

reported significance levels. The source also reported t tests with p < .05, but did not 

provide test statistics, degrees of freedom, exact p values, or sufficient information to 

establish whether measurements were paired. Those results are identified explicitly as 

unverified source-reported comparisons. They are not treated as evidence of training 

effectiveness or method agreement. Following the distinction between correlation and 

agreement described by Bland and Altman (1986), the absence of limits of agreement, 

agreement-based intraclass correlations, and repeatability estimates restricts the 

interpretation of measurement validity. 

Results 

Pilot Measurements 

Table 1. Pilot comparison of reference and sensor readings 

Athlete 
Reference 

(cm) 
Sensor 
(cm) 

Absolute difference 
(cm) 

Relative error 
(%) 

A 298 295 3 1.01 

B 305 301 4 1.31 

C 302 298 4 1.32 

D 297 294 3 1.01 

E 300 296 4 1.33 

Mean 300.4 296.8 3.6 1.20 

Note. n = 5. Values reproduce the source table. The recorded height construct was not defined sufficiently 

to classify these readings as jump displacement. 

Sensor readings were lower than reference readings for every pilot observation. Absolute 

differences ranged from 3 to 4 cm. The reported mean relative error of 1.20% 

corresponds to approximately 98.8% when subtracted from 100%; this arithmetic 

complement should not be interpreted as a comprehensive measure of instrument 

accuracy 

Field Measurements 

Table 2. Descriptive field-trial outcomes by jump type and method 

Parameter 
Attack 

IoT 
Attack 
manual 

Block 
IoT 

Block 
manual 

Mean (cm) 65.2 64.2 56.4 55.4 
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SD (cm) 2.96 2.95 2.71 2.69 

Minimum (cm) 60 59 52 52 

Maximum (cm) 70 69 62 61 

Reported mean error (%) 1.56 — 1.81 — 

Note. The source describes a field trial involving 20 athletes. Individual paired data and the calculation 

procedure for field relative error were unavailable. SD = standard deviation. 

Mean IoT readings exceeded manual readings by 1.0 cm for both jump types. The 

reported dispersions were similar across methods, while relative error was slightly greater 

for block than attack measurements. Similar standard deviations describe between-athlete 

dispersion and do not, by themselves, establish test–retest reliability. 

Expert Appraisal 

Table 3. Expert appraisal of the prototype 

Assessment aspect 
Mean score 

(1–5) 
Reported category 

Functional suitability 4.30 Good 

Accuracy and reliability 4.20 Good 

Ease of use 4.25 Good 

Technological innovation 4.30 Good 

Overall score as reported 4.25 Good 

Note. Five experts participated. The reported overall score is retained. The simple unweighted average of 

the four displayed aspect means is 4.2625; item-level data or weighting information are needed to verify the 

reported aggregate. 

All four assessed aspects were classified as good. Functional suitability and technological 

innovation received the highest displayed means. The accuracy and reliability rating is an 

expert judgment rather than a calculated reliability coefficient. 

Reported Method Comparisons 

Table 4. Source-reported differences between manual and IoT measurements 

Jump type 
Manual mean 

(cm) 
IoT mean 

(cm) 
Reported t-test result 

Attack 64.2 65.2 p < .05 

Block 55.4 56.4 p < .05 

Note. Significance thresholds are reproduced from the source and could not be independently verified. 

Test statistics, degrees of freedom, exact p values, pairing information, and raw data were not supplied. 

The source reported statistically significant differences between methods. These 

comparisons concern measurement values and contain no reported pretest-to-posttest 

change scores. They therefore do not establish that use of the prototype improved attack 

or block jumping performance. 

Table 5. Source-reported Pearson correlations between methods 

Jump type r p Statistical meaning 

Attack 0.999 < .001 Very strong positive association 

Block 0.997 < .001 Very strong positive association 

Note. Coefficients and p values are retained from the source. Raw paired observations and analysis-specific 

sample sizes were not available for verification. Correlation does not establish interchangeability. 
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Both reported coefficients indicated very strong positive relationships between IoT and 

manual measurements. Agreement-based statistics and confidence intervals were not 

provided, so the magnitude of individual measurement disagreement cannot be 

established from these coefficients alone. 

Discussion 

Interpretation of the Preliminary Findings 

The prototype combined ultrasonic measurement with an internet-connected recording 

workflow and received favorable expert ratings. The pilot and field summaries suggest 

that sensor readings tracked the comparison measurements, but they also reveal an 

important calibration question: the pilot showed lower sensor readings, whereas the field 

means were higher for the IoT method. Because the pilot height construct was not 

defined and the trial protocols were incompletely described, this reversal cannot 

confidently be attributed to improved calibration, different jump techniques, or a change 

in the measured variable. It identifies a question for verification rather than evidence of 

consistent bias across settings. 

The closest technological comparison is the ultrasonic system examined by Baumgart et 

al. (2017). Their results demonstrated that a method can be repeatable while producing 

height estimates that differ systematically from other approaches. The present findings 

are compatible with that general measurement concern, but do not establish equivalent 

device performance. The earlier study described its sensor positioning, sampling, 

calibration, and height definition in detail. Reporting those elements for the present 

prototype is necessary to determine whether its recorded quantity is absolute reach, 

body-position displacement, or another operational definition of jump height. 

Comparison with Other Digital Measurement Studies 

Research in volleyball shows why a small mean difference should be assessed together 

with individual error. Borges et al. (2017) found that a wearable jump monitor 

systematically overestimated attack and block measurements relative to a jump-and-reach 

reference. Skazalski et al. (2018) distinguished excellent jump-count accuracy from the 

precision needed to evaluate maximal jumping ability. In the present study, the 1 cm 

mean differences describe average offsets only. They do not reveal whether some athletes 

experienced substantially larger discrepancies or whether the system could identify small 

changes over successive training sessions. 

Jimenez-Olmedo et al. (2023) provide a recent example of strong association coexisting 

with limited concordance. In highly trained female volleyball players, their comparison of 

an inertial measurement unit with motion capture produced a strong relationship but 

substantial systematic differences. This supports a restrained interpretation of the present 

Pearson coefficients: athletes with larger manual values also tended to have larger sensor 

values, but the two methods cannot yet be treated as interchangeable. A significant 

difference between methods is likewise compatible with systematic measurement bias 

rather than a beneficial intervention effect. 

Smartphone studies offer useful methodological comparisons without validating the 

present ultrasonic hardware. Bogataj et al. (2020) evaluated concurrent validity and 

repeatability for several jump tasks in recreationally active adults. Vieira et al. (2023) 

demonstrated that validity conclusions were outcome-specific, with stronger support for 
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jump height than for several derived mechanical variables. Accordingly, the current 

device should remain described as a jump-measurement prototype. The available results 

do not establish that it measures lower-limb force, power, or other mechanical variables. 

Medeiros et al. (2024) assessed jump measurements on sand in elite female beach 

volleyball players and included both observer agreement and comparisons with a force 

platform. Their design highlights the importance of surface and population specificity. 

The present trial involved novice athletes from an Indonesian university and academy 

setting, so its findings should not automatically be generalized to beach volleyball, elite 

teams, or other age groups. Murawa et al. (2024) further showed that changing the 

calculation approach within smartphone-based assessment can alter agreement with a 

force platform. Thus, clear definitions and algorithms are essential even when a digital 

interface appears straightforward. 

Practical Contribution and Application 

The practical contribution of the prototype is the integration of measurement with 

athlete-linked digital records. Such a workflow could help coaches retrieve previous 

results and organize repeated assessments without manually transferring every reading to 

a separate record. However, the present study did not quantify time savings, user error, 

data completeness, internet dependence, or cost. These remain potential operational 

benefits to investigate rather than demonstrated advantages over existing systems. 

For provisional use, a coach would need a documented and stable assessment protocol 

covering the jump task, reference position, sensor alignment, calibration, and scoring 

rule. Attack and block results should be stored separately because the actions have 

different technical demands, consistent with the task-specific approach discussed by 

Sattler et al. (2012). Comparing repeated results from the same protocol may be more 

defensible than combining measurements obtained from different devices or calculation 

methods. Any interpretation of small changes should await estimates of measurement 

error and minimum detectable change. 

Limitations and Future Research 

Several limitations constrain the conclusions. The relationship between the 60 recruited 

athletes and the five- and 20-athlete trial samples was not documented. Sex distribution 

and anthropometric characteristics were absent, and the pilot and field outcomes 

appeared to use different height scales without an explicit conversion rule. The manual 

comparison method was insufficiently specified and should not be assumed to represent 

a criterion standard. Raw field data were unavailable, preventing verification of 

correlations, error calculations, and significance tests. Expert ratings supported perceived 

feasibility, but could not substitute for measured reliability or agreement. 

The source described a controlled pretest–posttest phase without providing the 

corresponding longitudinal results. Therefore, no causal conclusion about improved 

jumping performance can be drawn. Hardware specifications, repeatability, 

environmental sensitivity, signal loss, network latency, and durability also remain 

unquantified. The expert aggregate requires reconciliation with the displayed aspect 

scores. These limitations concern the completeness of the evidence as well as the scope 

of the initial evaluation. 

Future validation should obtain simultaneous paired measurements with a clearly defined 

reference, provide the individual observations, and prespecify acceptable error for the 



Musamus Journal of Physical Education and Sport (MJPES)  
http://ejournal.unmus.ac.id/index.php/physical  
Volume 8, No. 2, October 2026 , Pg. 1508-1517 
DOI: 10.35724/mjpes.v8i4.8119 

 

1515 
 

intended coaching decision. Agreement should be examined through mean bias and 

limits of agreement, with repeated trials used to evaluate within-session and between-

session repeatability (Bland & Altman, 1986). Testing should distinguish absolute reach 

from jump displacement and include both attack and block tasks. A separate controlled 

longitudinal study would be needed to determine whether access to the digital feedback 

changes training decisions or improves performance. 

Conclusions 

An IoT-enabled ultrasonic prototype was developed for volleyball jump measurement 

and digital recording. Favorable expert appraisal and strong reported relationships with 

manual measurements support continued development and a more complete validation 

study. The main contribution is a locally implemented workflow connecting jump 

assessment with athlete records in a coaching setting. Current findings do not establish 

interchangeability with reference instruments, reliable detection of small performance 

changes, or improved jumping ability. Further work should standardize the measurement 

definition and protocol, quantify agreement and repeatability, and evaluate the practical 

value of the digital feedback during routine training. 
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