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Abstract

Background: One of the feedback methods is visual self-evaluation, which is a type of immediate feedback provided after a

task. It is at the level of self-regulation. Mastery in learning requires accurate evaluation of clinical skills, and visual self-

evaluation can help learners to master the stages of skill implementation.

Objectives: The present study investigated the effect of visual self-evaluation on the endotracheal intubation skill of nurse

anesthesia students of Ahvaz Jundishapur University of Medical Sciences, Ahvaz, Iran.

Methods: This randomized controlled study was conducted in April and May of 2023. 63 second- and third-year nurse

anesthesia students were allocated to the intervention (visual self-evaluation) and control (conventional methods) groups

according to the academic year, using stratified random sampling. The skill of endotracheal intubation was taught using visual

self-evaluation method in the intervention group while the same skill was taught in the control group based on the

conventional methods, i.e. lecture, practical training, and practice on the mannequin under the supervision of the instructor.

Visual self-evaluation and conventional teaching methods were compared in terms of learning outcomes. The endotracheal

intubation skill evaluation checklist developed by hart was used to evaluate endotracheal intubation skill. The students of the

intervention group also completed a questionnaire to measure their satisfaction with the visual self-evaluation method.

Results: The students with a mean age of 21.53 ± 3.65 years, participated in this study. About 73% of the participants were

women. The mean scores of students in the post-test compared to the pre-test in both intervention (23.56 ± 2.68 at baseline and

increased to 28.87 ± 4.80) and control (24.03 ± 2.22 at baseline and increased to 25.19 ± 2.46) groups increased significantly (P <

0.001), but the mean post-test scores of the intervention group were significantly higher than those of the control group (P <

0.001). Also, the mean satisfaction score in the intervention group was 40.79 ± 1.22 out of a maximum of 50, which indicates a

very high satisfaction with the adoption of visual self-evaluation method in clinical education.

Conclusions: The use of visual self-evaluation not only had a significant effect on improving the clinical skill of nurse

anesthesia students but also was effective in helping them learn self-regulation and achieve mastery and independence. This

method is recommended as a low-cost and effective method to be used along with other educational methods.
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1. Background

Establishing and maintaining a suitable airway for

ventilation is essential in general anesthesia, and this is

achieved by endotracheal intubation. Endotracheal

intubation is a vital, critical and at the same time

complicated procedure, the purpose of which is to place

a flexible tube inside the trachea for the purpose of

respiratory support for a patient who does not breathe

spontaneously (1). Nurse anesthetists are usually the

first healthcare providers to be with the patients in

critical situations to help them. If they do not have
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sufficient knowledge and skills and cannot perform the

necessary interventions to maintain the airway before

the anesthesiologist arrives, the gold time to save the

patient's life may be lost (2, 3).

One of the educational methods that can be used in

this regard is education based on evaluation (4). The

ability of students to recognize their strengths and

weaknesses is of paramount importance. Self-evaluation

encourages learners to play a more active role in the

learning process and facilitates continuous learning (5).

Visual self-evaluation is at the level of self-regulation,

and is one of the most effective types of feedback given

by filming the person during the task and showing the

recorded video to them after completion of the task (4).

2. Objectives

The present study investigated the effect of visual

self-evaluation training on the endotracheal intubation

skill of nurse anesthesia students. It was hypothesized

that visual self-evaluation has a more profound effect on

promoting the nurse anesthesia students' learning and

satisfaction compared to conventional methods.

3. Methods

3.1. Ethics Statement

The present study was approved by the Ethics

Committee of Ahvaz Jundishapur University of Medical

Sciences (AJUMS) (U-02004) (IR.AJUMS.REC.1402.020)

and was carried out in accordance with the provisions

of the 2013 Declaration of Helsinki. The aims,

procedures, and conditions of the study were fully

explained to the potential participants. Written

informed consent was obtained from all participating

students. Also, the confidentiality of the data and the

anonymity of the students during the entire study

process were guaranteed.

3.2. Study Design

This randomized controlled trial was in compliance

with the CONSORT (Consolidated Standards of

Reporting Trials) statement.

3.3. Setting

This study was conducted in April and May of 2023.

The training of students in intervention and control

groups was done in the clinical skill center of the

Anesthesiology Department at the School of Allied

Medical Sciences of AJUMS. Pre-test and post-test were

conducted in the real work conditions of the

participants in the future, namely the operating room

of Imam Khomeini Hospital of Ahvaz affiliated to AJUMS.

3.4. Participants

Sixty-three nurse anesthesia students, including 17

(27%) men and 46 (73%) women, with an average age of

21.53 ± 3.65, were included in the study. They were

selected by the census method from among the nursing

anesthesia students who met the inclusion criteria.

Second- or third-year nurse anesthesia students who

were willing to participate in the research were eligible

to enter the study. The exclusion criteria were: (1)

Students' withdrawal from cooperation at any time and

for any reason, (2) students' absence in training sessions

or (3) students' absence in pre-test or post-test sessions.

The data of students who had at least one of the

exclusion criteria were not analyzed statistically.

3.5. Sample Size

We performed this study on all second- and third-

year nurse anesthesia students at AJUMS. Besides, to

define the minimum sample size, it was calculated

using HeinrichHeine-Universität Düsseldorf G*Power

version 3.1.9.2, based on the independent sample

Student t-test, a 2-tailed alpha of 0.05 and power (1-β) of

0.95, based on a previous investigation by Khalafi et al.

(6). They noted that mean endotracheal intubation skill

scores in the intervention and control groups were 65.36

± 5.66 and 51.90 ± 3.9 respectively. Therefore, 6 students

in each group with 20% droprate were indicated as the

minimum sample size.

3.6. Assignment

In this study, the students were allocated to the

intervention and control groups according to the

academic year, using stratified random sampling. Each

student was randomly assigned a code, and the codes

were then placed in two boxes according to the

academic year. The first code extracted from each box
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was assigned to the intervention group, while the

second code indicated allocation to the control group.

This process continued until all students were selected.

3.7. Interventions

The first stage: Upon arrival to the study, the

participants completed a demographic questionnaire.

Then the pre-test was administered in order to evaluate

the endotracheal intubation skill of all participants. This

evaluation was done based on structured observation

method, using a checklist (Appendix 1 in Supplementary

File), on a real patient. In the next step, the students

were divided into intervention and control groups.

The second stage: Endotracheal intubation training

was offered in two sessions. The first session was based

on lecture method and included training in airway

anatomy, endotracheal intubation devices and

equipment, and the procedures before, during, and

after intubation. The first session was held similarly in

intervention and control groups. In the second session,

each participant in the intervention group was given 15

minutes to perform the endotracheal intubation

procedure on the airway management mannequin.

After completion of the task and video recording, the

students' were shown their own video on screen in the

clinical skills center. Also, the endotracheal intubation

skill assessment checklist was provided to each

participant so that they could complete it immediately

after watching their video. The checklist was used to

record the students' feedback on their performance so

that this feedback could be observed and re-examined.

Then the video and the checklist of each participant

were delivered to them. After the end of the two

sessions, the participants in the intervention group

completed a questionnaire to evaluate their level of

satisfaction with the visual self-evaluation method

(Appendix 2 in Supplementary File). The second session

in the control group involved 15 minutes of

endotracheal intubation practice on the airway

management mannequin by each student in the

presence of the instructor who gave the necessary

feedback to the students in real time according to the

checklist. It should be noted that the checklist used in

the training was the same checklist used in the pre-test

and post-test stages.

The third stage: After the end of the intervention, a

post-test similar to the pre-test stage was administered

for all participants. The research data was recorded by a

blinded rater who had to have at least 2 years of clinical

experience and 1 year of educational experience.

3.8. Outcomes

The outcomes of this study included the following:

Primary outcome was measuring skill in performing

endotracheal intubation in the intervention and control

groups, before and after training based on visual self-

evaluation and conventional methods and secondary

outcome was measuring satisfaction of students in the

intervention group, after training by visual self-

evaluation method.

3.9. Data Sources/ Measurement

The data collection tool in this study included 3

sections:

(1) Demographic information questionnaire: Age,

gender and academic year

(2) Endotracheal intubation skill evaluation checklist

(Appendix 1 in Supplementary File): This checklist was

developed and used by Hart et al. in 2016. The validity

and reliability of this checklist has been examined and

confirmed by its developers in the main article. In the

reference study, the inter-rater reliability of the

instrument was confirmed by obtaining a correlation

coefficient of 0.94 (7). The checklist has 20 items which

are scored dichotomously: Yes: 1 and or no: 0. Its focus is

on the procedures before (4 items), during (11 items) and

after endotracheal intubation (5 items). Also, a part of

the checklist is dedicated to errors, which has 7 items

and includes error (4 items), critical error (2 items) and

critical fail (1 item). Error is defined as an error that does

not lead to significant morbidity or mortality. Critical

error refers to an error that probably leads to significant

morbidity or mortality. Critical fail is a situation in

which the evaluator intervenes in order to save the

patient's life or prevent injury. Error, critical error and

critical fail are reverse scored and calculated as: Error

(-1), critical error (-2) and critical fail (-3). In cases where

the rater cannot visualize the item or due to equipment

limitations, the item cannot be rated, it is removed from

https://brieflands.com/articles/semj-140827
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the calculation of scores. The range of scores is from the

highest score (20) to the lowest score (-11).

(3) Questionnaire of satisfaction with training by

visual self-evaluation method (Appendix 2 in

Supplementary File): This questionnaire was developed

by Pourfakhr et al. in 2021 in Iran (8). This questionnaire

includes 10 items that are scored based on a 5-point

Likert scale (I completely agree: 5, I agree to a certain

extent: 4, I have no opinion: 3, I disagree to a certain

extent: 2 and I completely disagree: 1, and the range of

scores is from the highest score (50) to the lowest score

(9).

3.10. Bias and Blinding

The only rater in this study was blind to group

allocation in order to avoid any bias in data entry. Also,

prior to commencement of the study, a short meeting

was held for the rater to be introduced to the checklist

and learn how to use it. For practice, 3 cases of

endotracheal intubation were scored by the rater using

the checklist so that the necessary feedback could be

given by the researcher to eliminate any possible

problems.

3.11. Statistical Methods

IBM SPSS ver. 25.0 (IBM Crop.) was used for data

analysis. Data analysis included descriptive and

inferential statistics. The latter involved comparing the

mean of quantitative variables in the 2 groups using the

independent t-test and paired t-test, and if the

assumptions of the test were not established, its non-

parametric equivalent (i.e., the Mann-Whitney test), was

used. The significance level was set at P < 0.05.

4. Results

4.1. Participants

All 63 nurse anesthesia students, including 17 men

(27%) and 46 women (73%) with a mean age of 21.53 ± 3.65

years, participated in this study (Table 1). Based on the

chi-square test, the intervention and control groups

displayed no statistically significant difference in terms

of sex (P = 0.55) or academic year (P = 0.91). Furthermore,

based on the independent t-test results, no statistically

significant difference was present between the groups

in terms of age (P = 0.13). The study flow diagram is

presented in Figure 1.

4.2. Main Results

4.2.1. Endotracheal Intubation Skill of Nurse Anesthesia
Students

The mean scores of students in the post-test

compared to the pre-test in both intervention (23.56 ±

2.68 at baseline and increased to 28.87 ± 4.80; P < 0.001;

95% CI, 4.36 to 6.26) and control (24.03 ± 2.22 at baseline

and increased to 25.19 ± 2.46; P = 0.001; 95% CI, 0.65 to 2.1)

groups increased significantly (Table 2). As far as the

procedures before endotracheal intubation were

concerned, only the changes in the control group were

significant, with the mean score of the pre-test being

significantly higher than that of the post-test (P = 0.001;

95% CI, -0.89 to -0.26). With regard to procedures during

intubation, the changes were not significant in both

intervention (P = 0.174; 95% CI, -0.69 to 0.13) and control

(P = 0.161; 95% CI, -0.62 to 0.1) groups. However, positive

and significant changes were observed in both groups

in terms of the procedures after intubation (P < 0.001).

Also, in the pre-test, there was no statistically

significant difference between the mean scores of the

intervention and control groups (P = 0.454; Hedges’ g =

0.46; 95% CI, -1.7 to 0.77). However, in the post-test, the

mean score of the intervention group was significantly

higher compared with the control group (P < 0.001;

Hedges’ g = 3.68; 95% CI, 1.7 to 5.6) (Table 2).

Satisfaction with visual self-evaluation method

The intervention group students' satisfaction with

this training method was measured. The mean

satisfaction score in the intervention group was 40.79 ±

1.22 out of a maximum of 50.

5. Discussion

5.1. Key Results

This study investigated the effects of visual self-

evaluation training method versus conventional

methods on the improvement of endotracheal

intubation skill of nurse anesthesia students. According

to the results, the mean score of the learning outcome

in the intervention group increased significantly

https://brieflands.com/articles/semj-140827
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Table 1. Demographic Characteristics of Students in Intervention and Control Groups a

Characteristic Total (n = 63)
Group

P-Value
Intervention (n = 32) Control (n = 31)

Sex 0.55 b

Male 17 (27.00) 10 (58.80) 7 (41.20)

Female 46 (73.00) 22 (47.80) 24 (52.20)

Year of study 0.91 b

Second year 32 (50.80) 16 (50.00) 16 (51.60)

Third year 31 (49.20) 16 (50.00) 15 (48.40)

Age 21.53 ± 3.65 22.40 ± 4.93 20.63 ± 0.89 0.13 c

a Values are expressed as number (%) or mean ± standard deviation.

b P-value obtained with the chi-square test.

c P-value obtained with the independent t-test.

compared with the control group. In addition, students'

satisfaction with visual self-evaluation was very high.

5.2. Interpretation

According to the results of this study, visual self-

evaluation method as opposed to traditional methods

can lead to self-regulated learning, skill mastery, and

increased independence among students. In the present

study, the changes in skill scores in both groups were

positive and significant, but the improvement of the

scores of the intervention group was significantly

higher compared with the control group. Given the self-

regulated nature of learning in education through

visual self-evaluation method, the use of this method

can further improve the clinical skills of nurse

anesthesia students and accelerate their achievement of

sufficient mastery and independence in these skills.

Visual self-evaluation helped students to better identify

their strengths and weaknesses and work on the

modification and enhancement of their performance.

Also, visual self-evaluation made students better

prepared to enter the hospital and have a more efficient

performance. Students were also highly satisfied with

this method. This lends support to the importance of

using self-evaluation methods to better educate

students and help them acquire practical skills, develop

professional responsibility, and shift from dependent

and supervised practice to fully independent and

autonomous practice.

5.3. Comparison with Previous Studies

Most of the previous studies addressing self-

evaluation have investigated its accuracy and

improvement. For example study by Warehime et al. was

a clinical trial in Canada investigating visual self-

evaluation accuracy among senior surgical residents.

The subjects evaluated their performance after

performing laparoscopy and after observing their video-

recorded performance. Correlations between evaluation

made by experts and surgical residents' self-evaluation

were initially moderate but increased significantly after

the residents reviewed their self-recorded performance.

In the end, the researchers concluded that observing

one's recorded performance can improve their ability in

self-evaluation (10). Netter et al. in London also

conducted an intervention study aimed at investigating

the ability of surgeons to evaluate their performance for

training and self-regulation. The obtained results

showed that there was a strong correlation between the

experts' rating of technical skills and self-evaluation. It

was concluded that senior surgical residents are

accurate in their evaluation of technical skills (9). Very

limited studies have used self-evaluation as an

educational method and measured the learning

outcome. A case in point was Gicolini et al. examined the

effect of visual self-evaluation training on the

knowledge and performance of nurses in performing

basic cardiopulmonary resuscitation in Iran. The results

of this study showed that visual self-evaluation training

affects nurses' performance in cardiopulmonary

resuscitation, but no significant difference was observed

in the knowledge scores of the two groups (11), which is

https://brieflands.com/articles/semj-140827
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Figure 1. The study flow diagram

in line with the present study. Also, Azadi et al.

conducted a study in Iran focusing on the effect of visual

self-evaluation training on the knowledge, self-esteem

and performance of operating room staff in performing

advanced cardiopulmonary resuscitation. Their results

showed that visual self-evaluation promoted the

knowledge, self-esteem and performance of employees

(4), which is consistent with the results of the present

study.

5.4. Limitations

In the current study, due to observance of patient

privacy and research ethics, filming was not possible in

a real clinical setting. Therefore, visual self-evaluation

was done in the clinical skill center.

5.5. Generalizability

The results of this study can be useful for the

development and improvement of the clinical skills of

students in all fields of medical sciences around the

world.

https://brieflands.com/articles/semj-140827
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Table 2. Comparison of the Mean and Standard Deviation of the Pre-test and Post-test Scores for Endotracheal Intubation Skill and its Subscales in the Intervention and Control

Groups (Paired t-Test and Independent t-Test) a

Skill and Group Pre-test Post-test t-Value P-Value b

Endotracheal intubation

Intervention 23.56 ± 2.68 28.87 ± 4.80 11.415 < 0.001

Control 24.03 ± 2.22 25.19 ± 2.46 3.830 0.001

t-value - 0.754 3.807

P-value c 0.454 < 0.001

Before endotracheal intubation

Intervention 4.09 ± 0.29 4.31 ± 0.73 1.487 0.147

Control 4.77 ± 0.88 4.19 ± 0.83 - 3.815 0.001

t-value - 4.125 0.600

P-value c < 0.001 0.551

During endotracheal intubation

Intervention 14.50 ± 2.60 14.78 ± 2.81 1.392 0.174

Control 13.51 ± 1.78 13.77 ± 1.83 1.438 0.161

t-value 1.724 1.525

P-value c 0.090 0.040

After endotracheal intubation

Intervention 4.34 ± 0.48 6.93 ± 0.50 19.407 < 0.001

Control 4.77 ± 0.71 5.61 ± 0.76 6.789 < 0.001

t-value - 2.804 8.173

P-value c 0.007 < 0.001

a Values are expressed as mean ± SD.

b P-value obtained with the paired t-test.

c P-value obtained with the independent t-test

5.6. Suggestions

Future studies are recommended to compare the

effectiveness of visual self-evaluation with other existing

educational methods. Also, training based on visual self-

evaluation method should be repeated at regular

intervals to consolidate learning, and for this purpose, it

is recommended to use this method in continuous

education.

5.7. Conclusions

The use of visual self-evaluation method can be

considered as a low-cost and effective way to improve

clinical skills, to identify student strengths and

weaknesses, and to improve performance, along with

other educational methods.

Supplementary Material

Supplementary material(s) is available here [To read
supplementary materials, please refer to the journal
website and open PDF/HTML].

Footnotes

Authors' Contribution: Conceptualization: M. P., N. S.,

and A. K.; Data curation: M. P. and N. S.;

Methodology/formal analysis/validation: A. K. and M. A.;

Project administration: A. K. and M. A.; Funding

acquisition: M. P., N. S., A. K., and M. A.; Writing–original

draft: M. P. and N. S.; Writing–review and editing: M. P., N.

S., A. K., and M. A.

Clinical Trial Registration Code:

IRCT20210222050463N1 .

Conflict of Interests Statement: The authors declare

the following financial interests/personal relationships

which may be considered as potential competing

interests. The authors reports a relationship with Ahvaz

https://brieflands.com/articles/semj-140827
https://semj.brieflands.com/cdn/dl/4db7cbfa-a584-11ef-9385-d369b239ff58
https://irct.behdasht.gov.ir/trial/54553


Parhizkar M et al. Brieflands

8 Shiraz E-Med J. 2024; 25(12): e140827

Jundishapur University of Medical Sciences that

includes faculty membership.

Data Availability: AThe dataset presented in the study

is available on request from the corresponding author

during submission or after publication.

Ethical Approval: This study is approved under the

ethical approval code of IR.AJUMS.REC.1402.020 .

Funding/Support: This study is totally self-funded by

the authors, and they did not receive any external funds

or support.

Informed Consent: Informed consent was obtained

from all participant.

References

1. Lin YF, Wang CY, Huang YH, Lin SM, Yang YY. Medical students' self-

assessed efficacy and satisfaction with training on endotracheal

intubation and central venous catheterization with smart glasses in

Taiwan: a non-equivalent control-group pre- and post-test study. J

Educ Eval Health Prof. 2022;19:25. [PubMed ID: 36052556]. [PubMed

Central ID: PMC9681602]. https://doi.org/10.3352/jeehp.2022.19.25.

2. Khalafi A, Sarvi Sarmeydani N, Adarvishi S. Workplace health in

anesthesia team: A qualitative study in Iran. Front Public Health.

2023;11:1141447. [PubMed ID: 36935702]. [PubMed Central ID:

PMC10020197]. https://doi.org/10.3389/fpubh.2023.1141447.

3. Khalafi A, Yazdanparast SE, Sarvi Sarmeydani N, Avazbakhsh MH.

Enhancing Professionalism in Nurse Anesthesia Education: A

Randomized Controlled Trial of Multi-Source Feedback. Journal of

Nursing and Midwifery Sciences. 2024;11(3).

https://doi.org/10.5812/jnms-148252.

4. Azadi A, Mosleh S, Alimohammadi N, Tansaz Z, Kheirollahi N. The

Effect of Education by Visual Self-assessment on the Operating Room

Technician's Knowledge, Self-esteem, and Performance in Advanced

Cardiopulmonary Resuscitation. Iran Journal of Nursing.

2022;34(133):66-81. https://doi.org/10.32598/ijn.34.5.6.

5. Incesu O, Ulupinar S. The effect of self and peer assessment training

on stoma care skills of nursing students: A randomised controlled

experimental study. Nurse Educ Pract. 2023;70:103682. [PubMed ID:

37356335]. https://doi.org/10.1016/j.nepr.2023.103682.

6. Khalafi A, Rozbahani S, Amiri F, Haghighizadeh MH. Effect of

personalized video feedback on tracheal intubation skills and

satisfaction of undergraduate anesthesia students: A quasi-

experimental study. Journal of Medical Education Development.

2024;17(53):45-53. https://doi.org/10.61186/edcj.17.53.45.

7. Hart D, Clinton J, Anders S, Reihsen T, McNeil MA, Rule G, et al.

Validation of an Assessment Tool for Field Endotracheal Intubation.

Mil Med. 2016;181(11):e1484-90. [PubMed ID: 27849480].

https://doi.org/10.7205/MILMED-D-15-00570.

8. Pourfakhr P, Mirzaie MA, Etezadi F, Shariat Moharrari R, Khajavi MR.

Evaluation of the success rate and quality of teaching of tracheal

intubation to medical students by using video laryngoscope. Tehran

University of Medical Sciences Journal. 2022;79(12):951-7.

9. Netter A, Schmitt A, Agostini A, Crochet P. Video-based self-

assessment enhances laparoscopic skills on a virtual reality

simulator: a randomized controlled trial. Surg Endosc.

2021;35(12):6679-86. [PubMed ID: 33241429].

https://doi.org/10.1007/s00464-020-08170-7.

10. Warehime JM, Lenger SM, Feng XY, Cope Z, Feroz R, Gaskins J, et al.

Video Playback as an Educational Tool for Improving Resident

Laparoscopic Performance: A Randomized Controlled Trial. J Minim

Invasive Gynecol. 2023;30(1):39-44. [PubMed ID: 36223862].

https://doi.org/10.1016/j.jmig.2022.10.002.

11. Cicolini G, Comparcini D, Simonetti V, Maria Papappicco CA,

Unsworth J, Tomietto M. Nurses' knowledge and self-assessment of

their clinical experiences of intraosseous access: A multicentre cross-

sectional study. Int Emerg Nurs. 2023;69:101314. [PubMed ID:

37352644]. https://doi.org/10.1016/j.ienj.2023.101314.

https://brieflands.com/articles/semj-140827
https://ethics.research.ac.ir/EthicsProposalView.php?id=328702
http://www.ncbi.nlm.nih.gov/pubmed/36052556
https://www.ncbi.nlm.nih.gov/pmc/PMC9681602
https://doi.org/10.3352/jeehp.2022.19.25
http://www.ncbi.nlm.nih.gov/pubmed/36935702
https://www.ncbi.nlm.nih.gov/pmc/PMC10020197
https://doi.org/10.3389/fpubh.2023.1141447
https://doi.org/10.5812/jnms-148252
https://doi.org/10.32598/ijn.34.5.6
http://www.ncbi.nlm.nih.gov/pubmed/37356335
https://doi.org/10.1016/j.nepr.2023.103682
https://doi.org/10.61186/edcj.17.53.45
http://www.ncbi.nlm.nih.gov/pubmed/27849480
https://doi.org/10.7205/MILMED-D-15-00570
http://www.ncbi.nlm.nih.gov/pubmed/33241429
https://doi.org/10.1007/s00464-020-08170-7
http://www.ncbi.nlm.nih.gov/pubmed/36223862
https://doi.org/10.1016/j.jmig.2022.10.002
http://www.ncbi.nlm.nih.gov/pubmed/37352644
https://doi.org/10.1016/j.ienj.2023.101314

