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Abstract 

Due to the COVID-19 pandemic, all private and public schools in the Philippines were forced to conduct all their classes 
online. In light of this, the study's objective was to look at the performance indicators of senior high school students 
taking online chemistry lessons in both public and private institutions in Northern Mindanao, Philippines. With 100 
participants, a quantitative investigation using an online survey questionnaire was conducted. The results showed a 
statistically significant positive impact on collaborative skills (CS), creativity and innovation (CI) during online and 
distance chemistry learning. By gender, there were statistically significant differences in students' overall achievement 
(OA), participation level (PL), and collaborative skills (CS). The strongest correlations among the six performance 
indicators for students were seen in the areas of collaborative skills (CS) and technology application (TA). These results 
showed that, in the students' perspective, the COVID-19 pandemic gave chances for students' performance in online 
chemistry classes to strengthen their creativity and critical thinking skills.  

Keywords: Performance indicators; Senior high school; COVID-19 pandemic; Survey; Chemistry Education 

1 Introduction 

The fast advancement and integration of technology into education have led to the emergence of online teaching and 
learning as popular approaches and viable supplements to traditional face-to-face teaching and learning. To achieve 
learning objectives, technology can be a powerful instrument for piquing students' interest in and participation in 
educational events [1]. Numerous research papers have examined viewpoints from students and teachers using various 
technologies for online learning and pedagogies for online teaching during the past few years [2-5]. Asynchronous 
learning, cyber-learning, virtual teaching, and internet education are terms frequently used to describe online 
education. According to Kearsley [6], the fundamental themes that define online education are community, discovery, 
shared knowledge, multisensory experience, collaboration, connectedness, student-centeredness, unboundedness, and 
authenticity. 

Numerous research has demonstrated that education fosters students' communication, efficiency, diversity, 
imagination, and creativity. Nevertheless, numerous studies [7] have shown that there is a growing need to enhance the 
teaching of science, mathematics, and technology, particularly at the high school level. The production of the materials 
required for every country's socioeconomic, scientific, and technological growth is centered on chemistry when it comes 
to science. 

Because of its contributions to other sciences, including biology, physics, nutrition, and health, chemistry is regarded as 
the foundational science [8]. However, chemistry is generally regarded as one of the most difficult science courses to 
comprehend, and as a result, fewer students choose to enroll in it [9]. Despite the crucial function and significance of 
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chemistry, the failure rate has remained relatively high. Poor student performance in chemistry may be caused by a 
variety of issues, including students' backgrounds, uninterested teachers, teachers who lack expertise, and outdated 
teaching methods that use subpar teaching materials [10]. In their 2017 study, Hussain et al. [11] looked at three tiers 
of obstacles to ICT use in chemistry lectures. The teacher, school, and system levels are those that may have an impact 
on students' learning attitudes. Opportunities for professional development for science teachers may also have an 
impact on how well students perform in chemistry classes. 

In the Philippines, schools now use a variety of online platforms to give high-quality instruction as a result of the current 
coronavirus (COVID-19) outbreak. Despite the difficulties, it presents for both educators and students, online or 
distance learning has emerged as a remedy for this unparalleled global pandemic [12]. Parallel to this, the pandemic has 
revealed numerous chances for new and inventive forms of education and digitization in educational systems all over 
the world, allowing them to "learn lessons from the COVID-19 pandemic that could make educational policies more 
evidence-based, inclusive, responsive, and transparent" [13]. But the shift from conventional face-to-face chemistry 
instruction to online chemistry instruction can be a completely different experience for students and teachers, which 
they must adapt to with few or no other options about modifications in lessons, homework, and learning techniques 
[14]. Due to the virtual nature of classes with online and distant education, teaching and learning chemistry that 
necessitates some practical activities, such as lab demonstrations and hands-on modeling, has become more difficult 
[15]. 

Numerous research on students' performance and other elements influencing their high school science classes have 
been done [16-19]. However, the Philippines only has a few studies in this field. To the best of my knowledge, this study 
is the first to be done at the high school level in Northern Mindanao, Philippines, regarding students' performance and 
factors impacting those performances in online chemistry classes. Additionally, this study makes the case that, once it 
offers all students comparable learning experiences, online chemistry instruction may be a superior and more efficient 
alternative than traditional teaching and learning techniques. The evaluation of students' success or performance in the 
online and remote learning of chemistry during COVID-19 may provide guidance for creating new pedagogical strategies 
and regulations to address the coming educational challenges. 

2 Research Methodology 

2.1 Research Design 

This study employed a quantitative method. A quantitative research method emphasizes collecting quantifiable and 
analyzable information using statistical tools to examine hypotheses or research questions to support or refute the 
knowledge claims [20]. In a quantitative research method, a researcher deals with quantifying and analyzing variables 
to achieve results. It involves using and analyzing numerical data using specific statistical techniques to answer the 
research questions [21]. 

2.2 Research Instrument 

To answer the research questions, a fully adapted research questionnaire by AlMahdawi et al. [22] was used in an online 
survey for the study. According to Roopa and Rani [23], the participants fill out a well-designed and organized 
questionnaire that asks questions about their age, gender, occupation, education, income, and other relevant 
characteristics. The questionnaire used in the study contained demographic information (e.g., gender, grade level, age, 
and school type), and 24 items were divided into six domains as variables to be studied. Based on the literature review 
and focus on 21st-century skills, six key variables were identified for examining students’ performance indicators 
during online learning. These variables were critical thinking (CT), collaborative skills (CS), creativity and innovation 
(CI), technology application (TA), participation level (PL), and overall achievement (OA). The items within each variable 
were scaled with a five-point Likert scale, where 5 signified strongly agree, and 1 signified strongly disagree. These 
domains included six, six, three, four, three, and two items, respectively.  

2.3 Sampling 

A purposive sampling technique was used to select participants (N=100) from public and private schools in Northern 
Mindanao to participate in this study. In purposive sampling, the researcher determines what information is necessary 
to have and then searches for individuals who can and are willing to supply it to the best of their ability or experience 
[24, 25]. All the 100 participants studying chemistry were selected to collect the quantitative data. Chemistry was one 
of the core subjects of the selected participants. Senior high school students (Grades 11 and 12) responded using an 
online questionnaire. 
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2.4 Data Collection Procedure 

The senior high school coordinators approved the study plan and questionnaire, and we had to distribute our online 
questionnaire. After receiving their official approval, questionnaire links were shared with the students to participate 
in the study. Before data collection, all participants in the study were informed of the purpose of the study. Regarding 
confidentiality, the name of the school and participants ensured their anonymity was guaranteed and protected. In 
addition, the respondents were not subjected to any abuse or harm nor the violation of their rights regarding the study. 
The identification of the participants was removed from the data before analyses and interpretations were carried out. 
The participants were given one week to respond to the questionnaire. 

2.5 Sample Distribution 

The demographic information included students’ gender, grade level, age, and school type. As shown in Table 1, about 
64% were female students, and 36% were male students. Approximately 65% were from Grade 11, and 35% were from 
Grade 12. About 2% were under 16, 56% were between the ages of 16-17 years, 35% were between 18-19 years, and 
7% were above 19. Approximately 46% were in public schools, and 54% were in private schools.  

Table 1 Demographic Statistics 

 Category N % 

Gender Female 64 64 

 Male 36 36 

Grade Level 11 65 65 

 12 35 35 

Age Below 16 yrs. old 2 2 

 16-17 yrs. old 56 56 

 18-19 yrs. old 35 35 

 Above 19 yrs. old 7 7 

School Type Public 46 46 

 Private 54 54 

 

Table 2 Outputs of Descriptive Statistics Mean, Standard Deviation, Standard Error of Mean, Skewness, and Kurtosis  

Variables CT CS CI TA PL OA 

Mean 2.697 2.948 3.093 2.993 3.040 3.075 

Std. Deviation 0.526 0.878 0.490 0.797 0.995 1.093 

Std. Error 0.053 0.088 0.049 0.080 0.100 0.109 

Skewness -0.117 -0.307 -0.188 -0.435 -0.265 -0.071 

Kurtosis 1.440 -0.457 0.305 0.269 -1.087 -1.236 

Sample size (N) 100 100 100 100 100 100 

Sampling Error (Zx Std. Error) 0.100 0.100 0.100 0.100 0.100 0.100 

 

2.6 Validity and Reliability 

According to Cousineau and Chartier [26], a few outliers are sometimes enough to mislead the group results, for 
example, altering the average performance and increasing variability. Therefore, the previous study's data were 
examined for any outliers, but no severe outliers were found. The reliability coefficient (Cronbach’s alpha) for 24 Likert-
type five-point items was found to be 0.939 in the final data, which was above the general acceptance level of 0.6 [27].  
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2.7 Analysis and Interpretation 

The analysis of the collected data was performed using the IBM Statistical Package for the Social Sciences (IBM SPSS 
23). In the next stage, the researcher decided to conduct a non-parametric test based on the normality tests by Shapiro-
Wilk and Kolmogorov-Smirnov tests for the six variables – CT, CS, CI, TA, PL, and OA. A One-Sample Wilcoxon Signed 
Ranked Test was deployed. This was followed by the Mann-Whitney U test, which was conducted to identify potentially 
confounding interrelationships among participants’ demographic characteristics (gender differences). Finally, 
Spearman’s rank correlation analysis examines if there were any significant associations between the pairs of six 
variables.  

3 Results 

In this study, 100 students received the questionnaire. 64 (64%) female and 36 (36%) male students responded to the 
online questionnaires. Descriptive mean and standard deviation statistics were computed for each categorical variable 
(Table 2). The descriptive statistics of mean values showed that critical thinking (CT) had the highest degree of 
agreement among the participants, followed by greater achievement (OA) during online and distance learning on 
chemistry. However, collaborative skills (CS) had the lowest degree of agreement among the participants, with smaller 
degrees of variations (standard deviation). All of the indicators were negatively skewed distributions. Creativity and 
innovation (CI) had the highest, and Overall achievement (OA) had the lowest Kurtosis value. The sampling error is 
0.100 for the six variables. Both Kolmogorov and Shapiro's statistical tests showed that the variables were not normally 
distributed (p-value < 0.05) except for collaborative skills (CS) (Table 3). 

Table 3 Normality Test of the Variables  

 Kolmogorov-Smirnova Shapiro-Wilk 

 Statistic df Sig. Statistic df Sig. 

Critical Thinking (CT) 0.526 0.878 0.490 0.797 0.995 1.093 

Collaborative Skills (CS) 0.053 0.088 0.049 0.080 0.100 0.109 

Creativity and Innovation (CI) -0.117 -0.307 -0.188 -0.435 -0.265 -0.071 

Technology Application (TA) 1.440 -0.457 0.305 0.269 -1.087 -1.236 

Participation Level (PL) 100 100 100 100 100 100 

Overall Participation (OP) 0.100 0.100 0.100 0.100 0.100 0.100 

a. Lilliefors Significance Correction 

3.1 Critical Thinking (CT) 

Table 4 One-Sample Wilcoxon Signed Ranked Test for CT  

 Item N Mean SD SE Sig. 

1. In my opinion, it is easy to understand new concepts in chemistry in 
online classes. 

100 2.910 0.8299 0.0830 0.249 

2. In my opinion, virtual (online) lab experiments are interactive. 100 2.690 1.051 0.1051 0.003 

3. In my opinion, online projects in chemistry are challenging. 100 3.430 1.157 0.1157 0.002 

4. In my opinion, writing virtual lab observation reports are difficult. 100 3.410 1.093 0.1093 0.001 

5. In my opinion, online chemistry summative assessments are tough. 100 3.420 1.056 0.1056 0.001 

6. In my opinion, I can easily understand online demonstration of 
chemical experiments by the teacher. 

100 2.840 1.022 0.1022 0.109 

 Overall CT 100 3.117 0.704 0.0704 0.0489 
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A one-sample Wilcoxon Signed Rank Test was performed to examine chemistry students' critical thinking (CT) during 
online classes (Table 4). The test results showed that the students agreed that it was easy to understand chemistry in 
online classes (p=0.000 < 0.05), virtual (online) lab experiments are interactive (p=0.000 < 0.05), online projects in 
chemistry are challenging (p=0.033 < 0.05), and students can easily understand online demonstration of chemical 
experiments by the teacher (p=0.000 < 0.05). However, their views on the difficulty in virtual lab reports and the ease 
of online assessments were not statistically significant from the neutral views (p=0.149;0.061 > 0.05). Overall, students 
agreed that their creative thinking skills had been significantly enhanced during the online classes (p=0.0489 < 0.05). 

3.2 Collaborative Skills (CS) 

A one-sample Wilcoxon Signed Rank Test was performed to examine chemistry students' collaborative skills (CS) during 
online classes (Table 5). Their views on being provided with various opportunities for collaborative group work 
(p=0.562 > 0.05), constantly engaged in collaborative learning activities (p=0.071 > 0.05), easy to work in groups 
(p=0.168 > 0.05), working in group activities had improved their relationships with classmates (p=0.645 > 0.05), 
enhanced their collaborative learning activities (p=0.751 > 0.05) and to present easily on their projects during online 
chemistry classes were not significantly different from the neutral view (p>0.05). Overall, students neither agreed nor 
disagreed that their collaborative skills were considerably enhanced during the online classes (p=0.812 > 0.05). 

Table 5 One-Sample Wilcoxon Signed Ranked Test for CS  

 Item N Mean SD SE Sig. 

7. I think online chemistry classes provide various opportunities for 
collaborative group work. 

100 2.980 1.063 0.1063 0.562 

8. I am always engaged in collaborative learning activities in online 
chemistry classes. 

100 2.840 0.8958 0.0896 0.071 

9. I think it is easy to work in groups in online chemistry classes. 100 2.840 1.229 0.1129 0.168 

10. I think working in group activities in online chemistry classes has 
improved my relationship with my classmates. 

100 3.100 1.219 0.1219 0.645 

11. I noticed that online chemistry classes enhance my collaborative 
learning activities. 

100 3.000 1.073 0.1073 0.751 

12. I think it is easy to present our projects in online chemistry classes. 100 2.930 0.9018 0.0902 0.434 

 Overall CS 100 2.948 0.8780 0.0878 0.812 

3.3 Creativity and Innovation (CI) 

A one-sample Wilcoxon Signed Rank Test was performed to examine students’ creativity and innovative skills (CI) in 
chemistry during online classes (Table 6). Test results showed that the students agreed that online chemistry lessons 
boosted their idea-creation techniques, such as brainstorming (p=0.021 < 0.05). However, they neither agreed nor 
disagreed on the views that it motivates them to solve complex problems (p=0.275 > 0.05) and limits their ability to be 
innovative (p=0.000 > 0.835). Overall, the students neither agreed nor disagreed that the online or distance chemistry 
classes enhanced their creativity and innovative skills (p>0.05). 

Table 6 One-Sample Wilcoxon Signed Ranked Test for CI  

 Item N Mean SD SE Sig. 

13. I think online chemistry classes lessons boost my idea creation 
techniques such as brainstorming. 

100 3.210 0.8563 0.0856 0.021 

14. I think online chemistry classes motivate me to solve complex 
problems. 

100 3.110 0.9939 0.0994 0.275 

15. I think online chemistry classes limit my ability to be innovative. 100 3.040 0.9203 0.0920 0.835 

 Overall CI 100 3.120 0.7439 0.0744 0.035 
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3.4 Technology Application (TA) 

A one-sample Wilcoxon Signed Rank Test was performed to examine students’ technology application skills (TA) in 
chemistry during online classes (Table 7). The test results showed that the students neither agreed nor disagreed that 
students enjoyed using technology for their online chemistry classes (p=0.562 > 0.05), using technology saved time 
(p=0.071 > 0.05), and were very confident when it comes to working with new apps or tools (p=0.168 > 0.05), and 
understood chemistry concept much better when integrated with technology (p=0.645 > 0.05). Overall, the students 
neither agreed nor disagreed that the online or distance chemistry classes enhanced their technology application skills 
in chemistry learning (p=0.812 > 0.05) (Table 7). 

Table 7 One-Sample Wilcoxon Signed Ranked Test for TA  

 Item N Mean SD SE Sig. 

16. I enjoy using technology for my online chemistry classes. 100 3.080 0.9394 0.0939 0.454 

17. I think using technology saves time in online chemistry classes. 100 3.080 0.8490 0.0849 0.355 

18. I feel very confident when it comes to working with new apps/tools 
in online chemistry classes. 

100 2.890 0.9523 0.0952 0.216 

19 I understand chemistry concept much better when they are 
integrated with technology. 

100 2.920 1.012 0.1012 0.364 

 Overall TA 100 2.99 0.7965 0.0797 0.761 

3.5 Participation Level (PL) 

A one-sample Wilcoxon Signed Rank Test was performed to examine students’ participation in chemistry learning 
during online classes (Table 8). The test results showed that the students rated their engagement level in online 
chemistry classes (p=0.014 < 0.05). However, they rated their attendance and motivation in online chemistry classes 
fairly (p>0.05). Overall, the students rated their active participation in the online or distance chemistry classes as 
neutral (p=0.064 > 0.05). 

Table 8 One-Sample Wilcoxon Signed Ranked Test for PL  

 Item N Mean SD SE Sig. 

20. Attendance 100 3.180 1.009 1.009 0.081 

21. Engagement 100 2.950 1.048 0.1048 0.557 

22. Motivation 100 2.990 1.168 0.1168 0.772 

 Overall PL 100 3.040 .9953 0.0995 0.901 

3.6 Overall Achievement (OA) 

A one-sample Wilcoxon Signed Rank Test was performed to examine students’ achievement in chemistry learning 
during online classes (Table 9). The test results showed that the students rated their grades in online chemistry classes 
significantly low (p=0.400 > 0.05). They also rated their performance in online chemistry classes low (p=0.626 > 0.05). 
Overall, the students rated their achievement in the online or distance chemistry classes as low (p=0.668 > 0.05) (Table 
9). 

Table 9 One-Sample Wilcoxon Signed Ranked Test for OA  

 Item N Mean SD SE Sig. 

23. Grades 100 3.100 1.168 0.1168 0.400 

24. Performance 100 3.050 1.104 0.1104 0.626 

 Overall Achievement 100 3.075 1.093 0.1093 0.668 
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3.7 Gender Differences 

A Mann-Whitney U test was performed to examine if there was a significant difference between the male and female 
students on critical thinking, collaborative skills, creativity and innovation, technology application, participation, and 
achievement during online and distance learning of chemistry (Table 10). The test results showed a statistically 
significant difference between males and females in terms of their critical thinking (Female: Mean Rank=44.72, N=64; 
Male: Mean Rank=60.78, N=36; U=782.00, Z=-2.671, p=0.008<0.05). Similarly, the difference between females and 
males in collaborative skills (CS) was statistically significant (Female: Mean Rank=45.78, N=64; Male: Mean Rank=58.89, 
N=36; U=850.00, Z=-2.175, p=0.030<0.05). There was a statistically significant difference between females and males 
regarding their creativity and innovative skills in online and distance learning of chemistry (Female: Mean Rank=45.31, 
N=64; Male: Mean Rank=59.72, N=36; U=820.00, Z=-2.423, p=0.015<0.05). There was a statistically significant 
difference between female and male students’ ability to use technological tools in online and distance learning of 
chemistry (Female: Mean Rank=44.97, N=64; Male: Mean Rank=60.33, N=36; U=798.00, Z=-2.563, p=0.010<0.05). 
Likewise, there was a statistically significant difference between female and male students in terms of their participation 
in online and distance chemistry classes (Female: Mean Rank=42.31, N=64; Male: Mean Rank=65.06, N=36; U=628.00, 
Z=-3.801, p=0.000<0.05). The male students had a greater sense of achievement than female students in online and 
distance chemistry classes, and the difference was statistically significant (Female: Mean Rank=44.22, N=64; Male: Mean 
Rank=61.67, N=36; U=750.00, Z=-2.938, p=0.003<0.05) (Table 10). 

Table 10 Mann-Whitney U test for gender differences for CT, CS, CI, TA, PL, and OA  

Measures CT CS CI TA PL OA 

Total N 100 100 100 100 100 100 

Mann-Whitney U 1152.00 850.00 992.00 798.00 628.00 750.00 

Wilcoxon W 1818.00 2930.00 3072.00 2878.00 2708.00 2830.00 

Mean Rank (Female) 50.50 45.78 48.00 44.97 42.31 44.22 

Mean Rank (Male) 50.50 58.89 54.94 60.33 65.06 61.67 

Standard Test Statistic (Z) 0.000 -2.175 -1.175 -2.563 -3.801 -2.938 

Asymptotic Sig. (2-tail) 1.000 0.030 0.240 0.010 0.000 0.003 

3.8 Correlations between CT, CS, CI, TA, PL, and OA 

Table 11 Spearman’s Bivariate Rank Correlations between CT, CS, CI, TA, PL, and OA  

Variables CT CS CI TA PL OA 

CT 1.000 0.009 0.075 0.106 -0.203* -0.124 

CS 0.009 1.000 0.497** 0.599** 0.355** 0.270** 

CI 0.075 0.497** 1.000 0.476** 0.343** 0.392** 

TA 0.106 0.599** 0.476** 1.000 0.488** 0.506** 

PL -0.203* 0.355** 0.343** 0.488** 1.000 0.829** 

OA -0.124 0.270** 0.392** 0.506** 0.829** 1.000 

*Correlation is significant at the 0.05 level of significance (2-tailed); **Correlation is significant at the 0.01 level of significance (2-tailed). 

The six variables in the study (CT, CS, CI, TA, PL, and OA) had non-normal distributions. Therefore, Spearman’s rank 
correlations were used to examine the association between these variables that should not be interpreted as cause-and-
effect relationships (Table 11). The results of rank correlation analysis showed that CT had the most significant 
association with CS (ρ=.692, p<0.01) and the least association with OA (ρ=.411, p<0.01). Collaborative skills (CS) had 
the most significant association with CT (ρ=.692, p<0.01) and the least association with OA (ρ=.270, p<0.01). Creativity 
and innovation (CI) had the most significant association with TA (ρ=.665, p<0.01) and the least association with PL 
(ρ=.609, p<0.01). The technology applications had the most significant association with CI (ρ=.665, p<0.01) and the least 
association with PL (ρ=.488, p<0.01). Likewise, the participation level (PL) had the most significant correlation with OA 
(ρ=.829, p<0.01) and the least correlation with CS (ρ=.355, p<0.01). The overall achievement (OA) had the most 
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significant association with PL (ρ=.829, p<0.01) and the least with CS (ρ=.270, p<0.01). All these bivariate associations 
were statistically significant at a 0.01 level of significance (p<0.01). 

4 Discussion 

To succeed in online and face-to-face learning, students need excellent collaborative skills, knowledge of technological 
applications, good creativity, innovative skills, and a high level of critical thinking. Researchers have discussed the 
benefits of online chemistry learning for a long time due to its flexibility, accessibility, synchronicity, asynchronicity, 
layered presentations of materials, and concept-by-concept with well-connected resources and models [28]. It may even 
offer students an opportunity for self-regulated and self-paced learning of chemistry concepts and problems [29]. The 
current study results showed that creativity and innovation had the most significant effect in terms of the highest mean 
value compared to other student performance indicators.  

Overall, the one-sample Wilcoxon Signed Rank test indicated that students agreed that their creative thinking skills had 
been significantly enhanced during the online classes (p=0.0489 < 0.05). This finding is consistent with Palevich [30] 
and Derwin [31]. Next, the results of this study showed that students neither agreed nor disagreed that their 
collaborative skills had been significantly enhanced during the online classes (p=0.812 > 0.05). This result is consistent 
with Andres & Shipps [32]. In addition, the students neither agreed nor disagreed that the online or distance chemistry 
classes enhanced their creativity and innovative skills (p=0.059 > 0.05), and this result is consistent with several other 
studies [33-35]. The students neither agreed nor disagreed that the online or distance chemistry classes enhanced their 
technology application skills in chemistry learning (p=0.812 > 0.05). This result is consistent with the study by Abu 
Talib et al. [36]. The participants in the survey rated their active participation in the online or distance chemistry classes 
as low (p=0.064> 0.05), and this result is consistent with the findings reported [37]. The students rated their 
achievement in the online or distance chemistry classes as low (p=0.668 > 0.05). However, this finding was based on 
students’ self-reported beliefs about their achievement, which might differ from their actual achievement. This view 
corroborates the idea that students’ self-efficacy in a chemistry class may not truly represent their academic 
achievement [38]. 

The comparison of students’ CT, CS, CI, TA, PL, and OA with respect to gender showed that the male students had a 
greater sense of performance in all areas than their female counterparts at a 0.05 level of significance, indicating that 
male students outperformed female students. This finding was consistent with other studies [39]. However, such results 
are controversial because this might not be true for all places and contexts [40]. 

The significant positive effect of CS on student performance affirms the social constructivism and activities theory, 
which states that working collectively to achieve a specific goal creates an influential learning atmosphere that helps in 
agile knowledge construction [41]. Likewise, the finding on TA corroborates the study by Cao and Hong [42], who found 
a significant positive correlation between student educational achievement and social media interaction. The positive 
correlation between CT and student performance in this study is not similar to what Ertmer et al. [43] and Hew et al. 
[44] have found. Their findings show that students hardly demonstrate high critical thinking and participation levels in 
online discussions, which could be seen in shallow and uncollaborative conversations. 

5 Conclusion, Implications, and Limitations 

The findings of the study identified significant correlations among four of the 21st-century skills, including critical 
thinking (CT), collaborative skills (CS), creativity and innovation (CI), and technology application (TA), in addition to 
student participation level (PL) and overall achievement (OA) in online chemistry classes. The students had, in some, a 
sense of enhancement of their skills in CT and CI. There was a greater degree of achievement among male students 
compared to females. These findings suggest that the online and distance learning environments could have a positive, 
negative, or no impact on students’ chemistry learning, despite the challenges of conducting laboratory-related 
demonstrations and hands-on activities. Although these findings are based on students’ self-reported feelings and 
opinions about the impact of online chemistry learning on their performance, they may not represent their actual grades 
or performance. 

The future of chemistry education in online and distance modes may benefit students with greater flexibility, autonomy, 
safety, and a sense of community in virtual classes. These findings showed varied responses to the pedagogical 
implications of the online and distance teaching-learning of chemistry. Moreover, the literature also suggests that the 
blended mode of science classes in general and chemistry teaching-learning, particularly with the integration of online 
simulations, encourages students’ creativity and innovation. The virtual classes with synchronous and asynchronous 
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sessions may provide a broader opportunity for teachers and students to enhance creativity, collaboration, openness, 
flexibility, innovation, and multiple-technological integration with greater participation and overall multiple skills and 
learning outcomes. 
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