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Abstract

:

Test anxiety and self-efficacy significantly influence the mastery of nursing skills. Facial expression recognition tools are central components to recognising these elements. This study investigated the frequent facial expressions conveyed by nursing students and examined the relationships between nursing skill mastery, test anxiety, self-efficacy, and facial expressions in a test-taking situation. Thirty-three second-year nursing students who were attending a university in a Korean metropolitan city participated. Test anxiety, self-efficacy, and facial expressions were collected while the students inserted indwelling catheters. Using Microsoft Azure software, the researchers examined the students’ facial expressions. Negative facial expressions, such as anger, disgust, sadness, and surprise, were more common during the test-taking situation than the practice trial. Fear was positively correlated with anxiety. None of the facial expressions had significant relationships with self-efficacy; however, disgust was positively associated with nursing skill mastery. The facial expressions during the practice and test-taking situations were similar; however, fear and disgust may have been indicators of test anxiety and skill mastery. To create a screening tool for detecting and caring for students’ emotions, further studies should explore students’ facial expressions that were not evaluated in this study.






Keywords:


clinical competence; test anxiety; self-efficacy; facial expression; students; nursing












1. Introduction


The mastery of nursing skills, which is regarded as one of the most important aspects of academic performance, is a vital component of the process of educating nursing students to ensure that they meet accountability standards for nurses [1]. A recent study of 35 countries, that were part of the Organisation for Economic Co-operation and Development, found that the factors that significantly affected academic performance were enjoyment, motivation, test anxiety, and self-efficacy [2]. Among these factors, it is widely recognised that the student’s levels of anxiety and self-efficacy when taking a skills test affects their skill mastery [3,4]. Nursing students may have higher levels of anxiety than students in other fields [5]. Based on the fact that excessive anxiety influences the acquisition and application of cognitive and psychomotor skills [6], we can predict that this could have a negative effect on skill mastery. High self-efficacy is associated with better performance in clinical skills tests [7] because skill competency requires belief in the student’s ability to use their knowledge and skills effectively. As test anxiety arises from an interaction between the cognitive and value evaluations that are related to task achievement [8], students with low self-efficacy may not believe that they can achieve successful tasks, which may also result in higher test anxiety [9,10]. Therefore, since the control of test anxiety and self-efficacy is imperative before any skills test, the importance of the early detection of these signs is clear.



Although there is significant reliance on self-reporting when examining anxiety, this method can have low sensitivity to self-reflective limitations such as the unwillingness to report on one’s own experiences [11]. To date, though no clear facial expressions have been recognised, both anxiety and self-efficacy can be identified. Moreover, few studies have measured the relationships between facial expressions, emotions, and outcomes. Facial expressions are vital features that are used to observe other people’s emotions. The face can reveal emotional states and intentions [12], and it is crucial for successful social interactions. According to the 7–38–55 rule, 7 percent of meaning is expressed through verbal communication, 38 percent through vocal communication, and 55 percent through visual communication, such as facial expressions [13]. Facial expressions convey a wide range of information; however, they are not easy to detect due to limited reliability, lack of specificity, and limited generalisability [14]. To compensate for this, computational algorithms that train machines to decipher complex associations between facial expressions and emotions have recently been developed [15].



Machine learning-based automatic facial expression recognition algorithms include functions for feature selection, classification, and extraction [16]. Particularly, the algorithm classifies emotions into a set of predefined emotional categories, showing good recognition rates of ≥80% [17]. Facial recognition algorithms are commonly designed following psychologist Paul Ekman’s model. He proposed that there are seven universal emotional expressions (i.e., happiness, sadness, surprise, fear, anger, disgust, and contempt) that can help identify emotions through these facial expressions. It is true that facial expressions can provide more detailed explanations to allow for a better understanding of emotions [17,18,19], such as anxiety or depression. In a recent study that used facial recognition technology, students who expressed more surprise and less disgust in a suicide advising session were more likely to be receptive to suicide prevention, which showed the relationship between facial expression and potential suicide prevention among students [20]. Therefore, students’ facial cues are likely to reflect their emotional state, and we propose that these characteristics can be applied to improve the quality of the education system.



If studies could identify any of the students’ facial expressions that have not yet been recognized, and if they could determine the relationships between skill mastery, test anxiety, self-efficacy, and facial expressions, this information may help alleviate students’ test anxiety and promote self-efficacy and skill mastery. Therefore, we set two research questions: (1) What is the most common facial expression extracted when using a facial recognition system in a skills test-taking situation? (2) Are there significant relationships between skill mastery, test anxiety, self-efficacy, and facial expressions in a skills test-taking situation?




2. Materials and Methods


2.1. Study Design


This study employed a prospective, observational design.




2.2. Settings and Participants


This study was performed from April 2021 to May 2021 and included the second-year students from one nursing school in a Korean metropolitan city. The inclusion criteria were as follows: (1) the previous completion of the ‘Fundamentals of Nursing I’ theory and practicum classes in the first semester, (2) enrolment in the 2-credit ‘Fundamentals of Nursing II’ practical course, and (3) provision of paper-based consent to participate. Students undergoing clinical practicum during the period of data collection were excluded from this research. We recruited thirty-four students in the study; however, one student was excluded because their photograph data were unavailable. The sample size was evaluated based on the largest effect size (0.50) [21], significance level (0.05), and power (0.80) using the Wilcoxon signed-rank test (matched pairs) of G*power 3.1.9.7. The required sample size was calculated to be 28 and was considered reasonable for analysis. The students’ mean age was 21.4 years old and 88% were women.




2.3. Instrumentation


2.3.1. Nursing Skill Mastery


In this study, nursing skill mastery was defined as the ability to correctly insert an indwelling catheter. We used the checklist that was developed by the Korean Accreditation Board of Nursing and each checklist was scored by one nursing professor. This study used a two-part evaluation (skill evaluation: 60 points, overall learner preparation: 40 points). Forty steps related to the skills evaluation were assessed. The checklist included three possible outcomes for each step: ‘done correctly’, ‘done incorrectly’, and ‘not done’. The total skills evaluation score was calculated by dividing the total number of items that were performed correctly and incorrectly and multiplying that number by 60. Overall learner preparation was evaluated using the following four items: proficiency, accuracy, knowledge, and attitude/communication. The students’ scores were registered as codes in the software, with higher scores indicating greater skill mastery.




2.3.2. Test Anxiety


As part of a time-saving method, anxiety was assessed using a one-item instrument. It consisted of five options for the facial expressions: smile, slight smile, neutral, slight frown, and frown. We asked the participants the following question: ‘Can you select the emoticons that best represent your levels of anxiety at present?’ The responses were assigned a range of codes (from smile = 1 to frown = 5), with higher scores indicating higher levels of anxiety. The reliability of the instrument was evaluated using the test–retest technique to determine the consistency between two different completion times. The correlation was 0.88.




2.3.3. Self-Efficacy


We used the 28-items instrument that was developed by Kim and Park to test self-efficacy [22]. It included three subcategories: confidence, self-control efficacy, and preference regarding the assignment’s difficulty levels (8, 10, and 10 items, respectively). All the questions were answered using a six-point Likert scale (ranging from 1 = strongly disagree to 6 = strongly agree), with higher scores indicating higher self-efficacy levels. In this study, Cronbach’s α was 0.70.




2.3.4. Facial Expression Recognition


Azure (Microsoft, Redmond, WA, USA) was used to recognise the participants’ facial expressions. It is a database that is based on machine learning algorithms that use face detection to extract face-related attributes, verify whether two faces belong to the same person, find similar faces, and group faces. The database comprises the facial expressions of eight basic emotions: anger, contempt, disgust, fear, happiness, neutrality, sadness, and surprise. It provides face detection and classification. Images of facial expressions are classified into two categories, standardised and non-standardised. Standardised images are a collection of images created in the lab (i.e., fixed lighting, head positions, and view). Non-standardised images stem from more natural settings (i.e., stills from movie scenes that display emotions in the actors’ faces) [23]. Azure showed superior performance on non-standardised facial expressions among other facial expression recognition tools [24] that performed facial expression analysis. When we input one snapshot in the application, it showed the facial emotion analysis and saved the data to an Excel Spreadsheet (Microsoft, Redmond, WA, USA). Figure 1 shows the analysis results of Azure. Age was estimated. Azure has a stable age-related error [25], therefore, we did not use this result.





2.4. Data Collection


Data collection was performed twice. First, in a practice class, we checked the anxiety and self-efficacy of each participant. In addition, participants were advised to submit their video clips using their own smartphone during the practice run to allow for the further gathering of facial expression recognition data. They were instructed to create a video clip by placing their smartphone directly in front of themselves and focusing directly on their faces. Second, we assessed skill mastery, anxiety, and self-efficacy in the test-taking situation. During the skills tests, we placed an action camera (GoPro Hero 8; GoPro, San Mateo, CA, USA) with a resolution of 640 × 480 pixels to similarly create another video. Thereafter, one of the researchers extracted two to three snapshots from the practice class video clips and four or five snapshots from the skill test clips.




2.5. Ethical Considerations


This study was approved by the Institutional Review Board (No: 1041386-202103-HR-6-01) from the affiliate organisation of researchers. During the recruitment period, the study purpose, research methods, voluntary participation, guarantee of anonymity for research participation, and capability to withdraw from participation were explained to the participants in detail. Written consent was obtained from the participants prior to their involvement in the study. The participants received a coffee coupon (worth 20 USD) as compensation.




2.6. Data Analysis


We used IBM SPSS statistical software version 25.0 (IBM Corp., Armonk, NY, USA) and used descriptive statistics to define nursing skill mastery, test anxiety, self-efficacy, and facial expressions. To analyse the facial expressions, 96 and 157 photographs from the practice class and test-taking situation, respectively, were converted into the 33 participants’ data from the two situations. We used the percentage for each facial expression emotion, not the category, since our data were non-standardised expressions and did not classify specific facial categories. Facial expression emotions were coded with the percentage of each emotion. The Wilcoxon signed-rank test was used to compare the differences between the eight subcategory facial expressions in the practice class and skills test-taking situation. Spearman’ Rank Correlation(s) was conducted to investigate the correlation between the variables.





3. Results


The age of the participants ranged from 21 to 24 (mean age = 22.03, SD = 1.37). Of the total 33 participants, 87.9% were female. Figure 2 shows the mean proportion of each facial expression. In both the practice class and skills test-taking situation, the most frequent facial expressions were neutral and happy. Negative facial expressions, such as anger (Z = 3.70, p < 0.001), disgust (Z = 3.39, p = 0.001), sadness (Z = 2.46, p = 0.014), and surprise (Z = 2.55, p = 0.011), were significantly more common in the test-taking situation than in the practice class. We observed a significant difference in the anxiety level when the two periods were compared (Z = 2.83, p = 0.005); however, there was no significant difference in self-efficacy (Z = 0.88, p = 0.379) (Table 1).



Fear was positively correlated with anxiety (rs = 0.35, p = 0.046); however, none of the facial expressions were significantly associated with self-efficacy (Table 2). Disgust was positively associated with nursing skill mastery (rs = 0.36, p = 0.042).




4. Discussion


Automatic facial expression recognition can be used in patient care [26] and medical education [27], as well as in virtual reality [28] and augmented reality-based games [29]. Although some studies have explored the link between facial expression recognition technology and academic performance [18,19,30], there is limited research in the field of nursing education. The establishment of this information could serve as a supplementary screening tool for improving patient assessments [26]. Moreover, it will be helpful with nursing education as it allows for the detection and care of students’ emotions. For these reasons, we focused on the results of the research questions.



In this study, there were no conspicuous types of expressions. We did not make a standardised photograph frame for more naturalistic and spontaneous facial expressions. Therefore, acquiring prototypical facial expressions is difficult since non-standardised photographs contain large variations in the expression itself, circumstances, and a person’s characteristics. During the two situations, students mostly demonstrated neutral or happy facial expressions. It is in line with more neutral ratings for non-standardised photographs compared to standardised [31]. Therefore, we focused on the comparison between the two situations.



Negative facial expressions including anger, disgust, and sadness were significantly more frequent in the test-taking situation compared to the practice class. The students may have been afraid of receiving negative evaluations, losing scholarships, and being prevented from becoming a nurse due to their poor skills [32,33]. These high-stakes situations may have evoked negative emotions during the exam, which could have resulted in the students feeling fearful or anxious [32]. The act of reading people’s emotions can prove difficult when the individuals are not actively using their faces to express themselves. Furthermore, caution should be exercised when assessing facial expressions as there may be bias present depending on the participant’s age, sex, and race. For example, studies demonstrated that older adult faces were believed to convey more negative emotions due to the presence of age-related features, such as a downturned mouth [34]; structurally, women’s faces resembled happy faces [35]; and White people’s faces were perceived to convey angrier expressions than African American or Korean people’s faces [36]. The use of automatic facial expression recognition software in nursing education can help identify when a student is experiencing a tense emotional situation and, subsequently, help them avoid taking a test in a tense situation. Therefore, we propose that prominent expressions should be identified through repeated research.



Nursing skill mastery was only positively correlated with facial expression of disgust. This finding was in line with previous study results when people concentrated on something that could be perceived as a frown, due to the wrinkling of their foreheads and furrowing of their brows, which was similar to the expression of disgust [37]. Because immersive experiences successfully increased the students’ confidence and nursing skills [38], we considered the association between the expression of disgust and achieving nursing skill mastery as a result of immersive test-taking. Considering that recognising emotions through facial expressions during the test-taking process plays an important role in supporting better academic performance through effective regulation of the students’ emotions [39], educators should take better care of students’ emotions. According to a recent study, complementary and alternative methods that were implemented by educators were effective in relieving test anxiety [40] and improving performance [41]. Therefore, it is imperative which interventions could help students effectively cope and could also be applied during classes.



Anxiety was significantly associated with the facial expressions related to fear. This could be called test anxiety because it increased significantly during the skills test-taking situation. Anxiety is related to passive avoidance behaviours and fear is related to active avoidance behaviours [42], although these states are not detectable through psychometric means [43]. The results from this study demonstrated that facial expressions that depicted anxiety and fear were similar. Because anxiety is considered a composite feeling that is mainly affected by fear, when a person experiences anxiety, one can expect to see facial signs that depict fear. Furthermore, although the facial signs of anxiety are ambiguous and study results are inconsistent, anxiety’s effects on the face are thought to be related to alterations in eye movements, skin reddening, and lip distortions [44]. Anxiety is a critical emotion when considered in terms of individual differences in facial expression recognition [45]. However, if anxiety cannot be accurately detected in the face, fearful facial expressions may be regarded as a representation of anxiety. Therefore, the fact that fearful expressions were prominent in the skills test-taking situation indicated that fear could be used as part of a screening tool for students’ emotions by incorporating it with other indicators.



Self-efficacy was not associated with any of the facial expressions, and this meant that judging self-efficacy based on facial expressions could prove difficult. There are two plausible explanations. First, we propose that we may not have observed a significant relationship between self-efficacy and facial expression because the students did not outwardly express their emotions in the test-taking situation. Second, students’ anxiety levels could have been so high [5] that they dominated their capacity for self-efficacy; thus, self-efficacy could not be inferred from their facial expressions. Furthermore, in this study, self-efficacy was not related to anxiety or nursing skill mastery, which was inconsistent with the findings from other studies. Self-efficacy may have protected the students from the negative effects of anxiety with respect to their academic performance [46], and may have partially mediated the relationship, which demonstrated that higher stress levels affected poorer academic performance during exams [47]. Particularly, higher self-efficacy was positively correlated with nursing students correctly performing cardiac compression skills [48], catheter care, and infiltration monitoring [49]. Although whether the emotions are negative or positive during specific situations does not completely affect the outcomes, the ways in which students manage their emotions could have an impact on the outcomes [50]. Therefore, the preparation of emotional management through facial expression research will prove helpful in improving nursing students’ skill mastery.



It is necessary to consider whether facial expression emotions could generate similar high neutral rates if other topics, such as intravenous injection, were selected. We believe the same results would be revealed for two reasons aside from the fact that non-standardised photographs mostly demonstrated neutrality. First, indwelling foley catheterisation is one of the most challenging and meticulous nursing procedures with similar skill requirements as for a venous puncture [51]. Both skills involve complex clinical procedures using aseptic techniques. As a result, students demonstrate similar confidence in performing intravenous injections and indwelling urinary catheterisation than any other basic nursing procedure [52,53]. Second, students reach a high concentration level and focus on their job during the skill test. According to a recent study, students display a neutral emotion pose in a high concentration situation [54]. Therefore, further investigation, including tracking eye movement and emotion-specificity is needed because it is difficult to distinguish between students’ anxiety and neutrality.



Since the onset of the COVID-19 outbreak, wearing masks has become the new normal and this practice has had a pervasive influence on daily life. Because facial emotion recognition relies on the ability to view all aspects of the face, including the nose, mouth, and jaw, the accuracy of the technology may be reduced when only the periorbital area that is not covered by a mask is analysed [55]. To overcome the challenge of mask-wearing in relation to facial emotion recognition, more refined facial recognition programs should be developed [56]. However, we recognise that, even at the current level of technology, if students’ expressions can be captured and read in online test situations, these systems can be used more frequently than face-to-face tests; thus, ultimately, assisting with caring for students’ emotions.




5. Study Strengths and Limitations


The strength of this study is that it contributes significantly to the existing literature, as it sheds light on the use of facial emotion recognition technology in nursing education. If further studies can deduce the typical types of facial expressions conveyed by students during test-taking situations, this information can be used as basic data that can improve nursing skill mastery by reducing the anxiety of students and improving their confidence.



However, this study has some limitations. First, the sample size was small. A multi-institution study could not be conducted due to limited face-to-face classes during the COVID-19 pandemic. Furthermore, static features can be insufficient for precisely analysing students’ facial emotions utilised in this study. To generalise the facial expression results, future researchers need to utilise video-based sequences to obtain dynamic information and increase facial emotion recognition [57,58]. Second, because a limited number of variables were included in this study, other factors (including skills test-related emotional factors such as passion, a feeling of achievement, disappointment, and dissatisfaction) were not checked. Third, owing to the differences in the video recording tools used in the practice class and test-taking situations, interpretation bias could have been introduced because of the differences in resolution. When comparing the facial expressions, our visual system had lower perceptual tolerance for processing ambiguous expressions that exhibited conditional interpretation bias [59]. Fourth, we had the challenge of getting clear grouped data of images captured in video clips since they are taken in non-standardised settings. To cope with this challenge, the use of facial landmarks alongside the original image is helpful [60]. It can act as an embedded regulation that can weigh facial expressions in the classification of emotions during skill-test situations. Fifth, we did not consider how gender could influence the research (female nurses with male patients, and vice versa). Performing urinary catheterisation on a patient of the opposite gender may influence care providers’ emotions, self-efficacy, and skill mastery, regardless of their urethral knowledge [61,62]. Future research needs to explore the potential differences among nursing students when it comes to providing sensitive care to patients of the opposite gender. Cultural differences can greatly influence genital-related care, including urinary catheterisation, and should be investigated in future studies [63,64,65]. Therefore, we propose that, in comparison to our study, future studies should employ a larger sample size, more discursive factors, better congruency between the video resolutions, and the use of facial landmarks to rectify these limitations.




6. Conclusions


In the skills test-taking situation, neutral and happy expressions were seen the most frequently; however, these findings were similar to those of the practice class and no dominant types of expressions were identified. Fear and disgust could be representative expressions for test anxiety and self-efficacy, respectively. Further studies should explore other facial expressions based on the students’ emotions and should adopt facial emotion recognition technology to care for the significant emotional stress that students endure.
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Figure 1. Example of facial expression analysis. 






Figure 1. Example of facial expression analysis.
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Figure 2. Comparison graph of facial expression subcategories. 
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Table 1. Comparison of test anxiety, academic efficacy, and facial expression between practice class and skill test (n = 33).
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Variables

	
Practice Class

	
Skill Test

	
Z (p)




	
M ± SD

	






	
Test anxiety

	
2.00 ± 0.85

	
2.52 ± 0.87

	
2.83 (0.005)




	
Self-efficacy

	
3.66 ± 0.37

	
3.69 ± 0.41

	
0.88 (0.379)




	
Facial expression (anger)

	
0.01 ± 0.04

	
0.20 ± 0.45

	
3.70 (<0.001)




	
Facial expression (contempt)

	
0.34 ± 1.51

	
0.53 ± 0.98

	
1.94 (0.052)




	
Facial expression (disgust)

	
0.02 ± 0.05

	
0.28 ± 0.89

	
3.39 (0.001)




	
Facial expression (fear)

	
0.01 ± 0.03

	
0.26 ± 1.10

	
1.85 (0.064)




	
Facial expression (happiness)

	
18.13 ± 28.02

	
8.39 ± 14.04

	
1.72 (0.085)




	
Facial expression (neutral)

	
76.43 ± 29.88

	
83.90 ± 19.20

	
1.26 (0.208)




	
Facial expression (sadness)

	
4.69 ± 15.36

	
4.91 ± 5.52

	
2.46 (0.014)




	
Facial expression (surprise)

	
0.34 ± 0.65

	
1.48 ± 4.11

	
2.55 (0.011)
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Table 2. Correlations between nursing skill mastery, test anxiety, academic self-efficacy, and facial expressions (n = 33).
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1

	
2

	
3

	
4

	
5

	
6

	
7

	
8

	
9

	
10




	
rs






	
1. Nursing skill mastery

	
1.00

	

	

	

	

	

	

	

	

	




	
2. Test anxiety

	
0.02

(0.933)

	
1.00

	

	

	

	

	

	

	

	




	
3. Self-efficacy

	
0.29

(0.103)

	
−0.01

(0.995)

	
1.00

	

	

	

	

	

	

	




	
4. Facial expression

(anger)

	
0.17

(0.349)

	
0.05

(0.780)

	
0.01

(0.945)

	
1.00

	

	

	

	

	

	




	
5. Facial expression

(contempt)

	
−0.13

(0.471)

	
0.17

(0.354)

	
−0.10

(0.587)

	
−0.09

(0.639)

	
1.00

	

	

	

	

	




	
6. Facial expression

(disgust)

	
0.36

(0.042)

	
0.07

(0.712)

	
−0.18

(0.306)

	
0.53

(0.002)

	
0.04

(0.828)

	
1.00

	

	

	

	




	
7. Facial expression

(fear)

	
0.20

(0.264)

	
0.35

(0.046)

	
0.20

(0.257)

	
0.11

(0.548)

	
0.30

(0.086)

	
0.05

(0.775)

	
1.00

	

	

	




	
8. Facial expression

(happiness)

	
0.05

(0.770)

	
−0.25

(0.168)

	
−0.20

(0.263)

	
−0.17

(0.355)

	
0.30

(0.088)

	
0.40

(0.022)

	
0.21

(0.213)

	
1.00

	

	




	
9. Facial expression

(neutral)

	
−0.01

(0.946)

	
0.23

(0.201)

	
0.15

(0.394)

	
−0.04

(0.810)

	
−0.33

(0.058)

	
−0.43

(0.012)

	
−0.34

(0.052)

	
−0.77

(<0.001)

	
1.00

	




	
10. Facial expression

(sadness)

	
−0.06

(0.731)

	
−0.05

(0.765)

	
−0.02

(0.896)

	
0.37

(0.034)

	
0.21

(0.250)

	
0.31

(0.076)

	
0.41

(0.019)

	
0.20

(0.268)

	
−0.57

(0.001)

	
1.00




	
11. Facial expression

(surprise)

	
0.11

(0.543)

	
0.24

(0.170)

	
0.25

(0.168)

	
−0.08

(0.660)

	
0.06

(0.753)

	
−0.08

(0.653)

	
0.68

(<0.001)

	
0.27

(0.119)

	
−0.27

(0.126)

	
0.07

(0.719)
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