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Abstract: Despite policy mandates to embed “Four Cs” competencies—communication, collaboration, critical thinking, and 

creative thinking—throughout teacher education, empirical evidence on how community-engagement initiatives foster these 

skills remains limited, particularly in Gulf contexts. Guided by sociocultural learning theory and Kolb’s experiential-learning 

model, this sequential explanatory mixed-methods study evaluates the extent to which structured community-engagement 

projects cultivate 21st-century skills among pre-service and in-service science teachers in Abu Dhabi, United Arab Emirates 

(UAE). In the quantitative phase, 160 pre-service and 85 in-service teachers completed an adapted 21st-century-skills inventory 

(Cronbach’s α = 0.85). Descriptive statistics and independent-samples t-tests revealed that in-service teachers scored significantly 

higher on all four competencies, with the largest differences observed for critical thinking (t(243) = 4.72, p < .001, d = 0.60) and 

collaboration (t(243) = 3.41, p = .001, d = 0.43), suggesting a cumulative advantage of field experience. To elucidate these 

patterns, the qualitative phase employed semi-structured interviews with 20 purposively selected participants representing high 

and low survey quartiles. Thematic analysis indicated that authentic problem-solving with community stakeholders, iterative 

feedback cycles, and cross-disciplinary project teams were the principal mechanisms through which engagement activities 

enhanced the Four Cs. Participants also identified structural constraints—restricted instructional time, insufficient funding, and 

limited school–community partnerships—that moderated these gains. Taken together, the findings demonstrate that well-

scaffolded community-engagement modules can accelerate the acquisition of transferable 21st-century competencies, particularly 

for novice teachers. The study recommends embedding sustained, resource-supported community collaborations into both initial 

teacher education and continuing professional development frameworks across the UAE and comparable settings. 

Keywords: 21st-century skills; community engagement; pre-service teachers; in-service teachers; mixed-methods research; 

UAE. 

社区参与对职前与在职教师 21 世纪能力发展的影响：一项混合方法研究 

摘要： 

尽管政策层面要求在教师教育中全面融入“4C”核心能力——沟通、协作、批判性思维和创造性思维——关于社区参与

计划如何促进这些能力形成的实证证据仍然有限，尤其是在海湾地区。基于社会文化学习理论和 Kolb 体验学习模型

，本研究采用顺序解释型混合方法，评估在阿联酋阿布扎比职前与在职理科教师通过结构化社区参与项目培养 21 世

纪技能的效果。 

在量化阶段，对 160 名职前教师和 85 名在职教师使用修订版 21 世纪技能量表进行测查（Cronbach’s α = 0.85）。描

述性统计与独立样本 t 检验表明，在职教师在四项能力上均显著优于职前教师，其中批判性思维（t(243) = 4.72, p < 

.001, d = 0.60）和协作（t(243) = 3.41, p = .001, d = 0.43）的差异最大，提示现场经验的累积优势。 

质性阶段通过目的性抽样，选取问卷得分高低四分位的 20 名教师，开展半结构化访谈。主题分析显示，与社区利益

相关者共同解决真实问题、迭代式反馈循环以及跨学科项目团队是社区参与活动提升 4C 能力的主要机制。受访者还

指出，教学时间受限、经费不足与校社合作匮乏等结构性因素会削弱这些收益。 

综合来看，研究结果表明，良好支撑的社区参与模块能够加速可迁移 21 世纪能力的获得，尤其对新手教师意义重大

。建议在教师职前培养和在职专业发展框架中嵌入长期、资源充足的社区协作项目，并推广至阿联酋及类似背景地 

关键词： 21 世纪技能；社区参与；职前教师；在职教师；混合方法研究；阿联酋 

1. Introduction

Unlike disciplines taught in traditional schools, such as 
science, language, history, and mathematics, 21st-
century skills do not compete. Instead, teachers should 

acquire content-specific skills and knowledge [1, 2]. 
Rather than rote memorization, learning 21st-century 
skills emphasizes readiness to apply knowledge to 
various contexts. Everybody needs 21st-century coping 
skills, and nobody will develop them on their own. It is 
a time of rapid technological advancement and a 

changing job market [3,2, 40]. Consequently, preparing 
students with resilient skills to navigate an increasingly 
complex world is essential. In particular, there is 
increasing interest in tapping into the potential of 

community engagement to enhance the 4Cs (i.e., critical 
thinking, Creativity, Cross-cultural Communication, and 
Collaboration) among pre- and in-service teachers. 
When analyzing community participation and its effect 

on 21st-century skills, cultural change is an important 

issue to consider [4]. Cultural change refers to a 

changing society’s values, attitudes, beliefs, and actions 

[5, 6]. Cultural change is required to promote a shift in 

the catering of education [7, 8, 9]. For example, 

traditional teaching methods tend to prioritize mastery 

of academic knowledge. Hence, community 

engagement is the key to this change. As discussed in 

[10] and [11], there may not be ample opportunities for

people to engage in volunteer work or service in some
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societies if individuals are deprived of these types of 

experiences and opportunities, which could help them to 

cultivate the specific skills they need to acquire as part 

of their 21st-century employability. Public cultural 

changes remove these barriers and create a welcoming 

environment to interact with each other by enhancing 

social cohesion in triggering physical activity and the 

development of 21-century skills [7, 12, 13,14]. 

Schools and universities can stimulate participatory 

community culture by embedding service-learning and 

community-based research into the curriculum. 

Community members must make concerted efforts 

because cultural transformations may take time [7]. It 

includes challenging existing beliefs and attitudes about 

community engagement and the benefits of 21st-century 

skills. Cultural change includes the provision of support 

and resources to help individuals engage in these 

activities. Yeşilçinar and Aykan [15] contend that 

contemporary education systems are under mounting 

pressure to equip learners with the “Four Cs” of the 21st 

century—collaboration, communication, critical 

thinking, and creativity. Their argument implies a 

parallel imperative for teacher-preparation programmes, 

which must cultivate these same competencies in both 

pre-service and in-service teachers so that they, in turn, 

can embed them in classroom practice. Building on this 

premise, Valtonen et al. [1] argue that teacher education 

should explicitly prioritise the dual agenda of (a) 

developing teachers’ own 21st-century skill set and (b) 

enhancing their pedagogical capacity to foster these 

skills in pupils. Sustained scaffolding—through 

mentorship, practicum experiences, and reflective 

feedback—has been shown to bolster pre-service 

teachers’ self-efficacy in implementing 21st-century 

pedagogies. Against this backdrop, the present study 

examines whether—and how—structured community-

engagement projects serve as a viable mechanism for 

strengthening teachers’ Four-Cs repertoire. Specifically, 

it investigates teachers’ perceptions of the salience and 

enactment of 21st-century skills within the curriculum, 

thereby addressing a critical gap in the literature on 

experiential, community-anchored approaches to 

teacher development. 

Developing 21st-century skills is a crucial 

educational component because of technological 

advancements and the dynamic modern environment in 

practically every industry [16, 17]. The 4Cs have been 

identified as critical to an individual’s success in their 

personal and professional lives. To effectively prepare 

students for the problems of the 21st century, pre-service 

teachers, future teachers, and in-service science teachers 

must possess these competencies. The 4Cs are 

considered advantageous, but pre-service teachers still 

do not have many opportunities in their teacher 

education programs to grow and improve these skills 

compared to in-service teachers [44]. Community 

engagement is an important strategy to address this gap. 

However, the impact of this strategy has received 

inconsistent scholarly attention. This study aims to 

better understand this occurrence and determine the 

overall effects of community engagement as a substitute 

strategy for educating pre-service and in-service science 

teachers on the 4Cs. 

2. Significance of the Study
A study of this nature is significant because of its

potential to advance the field of teacher education by 

providing insights into the impact of community 

engagement on how prospective and in-service science 

teachers gain 4Cs. The results of this study can inform 

higher education institutions about the importance of 

community engagement in developing the 4Cs. It can 

also guide them in incorporating community 

engagement into their curriculum. In addition, this study 

could be significant to community organizations 

because it can educate them on the value of working 

with pre-service and in-service science teachers to 

address social issues within the community. Therefore, 

this study attempts to answer the following questions: 

• How does participation in community

engagement activities influence the development of the 

4Cs (critical thinking, creative thinking, collaboration, 

and communication) among pre-service and in-service 

science teachers? 

• Are there any significant differences between

pre-service and in-service science teachers regarding the 

impact of community engagement on the development 

of the 4Cs? 

• What are the main barriers that pre-service and

in-service science teachers face when participating in 

community engagement activities? 

3. Literature Review
3.1. Community Engagement and 21st-Century

Skills

Community engagement is a relatively multifaceted 

concept that involves various activities and approaches 

to building and strengthening relationships between 

individuals and communities. The evaluation of 

community engagement in this context entails analyzing 

a range of outcomes, including modifications to 

attitudes, beliefs, and behaviors [7]. Community 

engagement can help foster civic duties, which is one of 

its main advantages. In this context, it offers people 

opportunities to volunteer work and encourages students 

to actively participate in community development [7]. 
As previously mentioned, community involvement 

fosters growth of the 4Cs. For instance, encouraging 

teamwork and collaboration between teachers and 

community members can help to remove social barriers 

and develop a deeper feeling of mutual respect and trust 

among community members. This may contribute to the 

development 
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of encouraging and welcoming 
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communities. 

According to [18], 21st-century skills are familiar and 

have been taught in schools for years. However, with the 

demands of the evolving economy, different educational 

institutions are now integrating these skills into their 

strategic plans to equip students with higher education, 

careers, and life. Although 21st-century skills have been 

essential elements throughout human history, the 

methods of teaching and developing them in K–12 

schools have advanced significantly. For instance, the 

Common Core State Standards (CCSS) now includes 

21st-century skills [18]. 21st-century skills refer to a 

wide range of knowledge, working habits, and behaviors 

crucial for individual success in today’s world. 

Generally, most educational institutions define their 

21st-century skills based on what appears significant to 

their communities. Although this concept is widely 

applied in education, it lacks a consistent definition, 

which may lead to confusion and conflicting 

elucidations. However, the most commonly used 

categories of 21st-century skills include critical 

thinking, creative thinking, collaboration, and 

communication [19]. These are also commonly referred 

to as the 4Cs, based on the Partnership for 21st-Century 

Skills, and are essential for students to succeed in school 

and later in their careers. 

Critical thinking effectively analyzes, assesses, and 

renders reasoned judgments. In other words, critical 

thinking makes decisions based on knowledge and 

communication while employing sufficient 

contemplation and reasoning [20]. To determine 

whether information or communication is important in a 

certain setting, one must think critically and judge it 

skillfully. Thus, it involves key competencies such as 

problem-solving, decision-making, and analysis. 

Individuals with critical thinking skills can solve 

complex problems and make informed decisions. 

According to [21], critical thinking enables an 

individual to assess the credibility and reliability of 

information and considers multiple perspectives to make 

sound and independent judgments[17]. Another 21st-

century skill is creativity, which is the capacity to 

generate and use fresh original ideas in various 

circumstances. Creative thinking is the production of 

new practical concepts for new goods, services, or 

procedures that have the potential to be helpful. Since 

the 21stcentury poses new challenges as more 

opportunities emerge, creative thinking has become 

more relevant as more opportunities emerge [20]. A 

person possessing this skill can think creatively and 

address issues from different perspectives. Individuals 

need to be risk-taking, open to new concepts, and willing 

to adopt various approaches to develop this skill. As a 

21st-century skill, collaboration is collaborating with 

others and working together towards a shared goal [17, 

16]. Generally, work in the twenty-first century is 

becoming increasingly knowledge-based and 

specialized. Because individuals do not have all the 

necessary information and abilities, collaboration 

among workers is necessary to complete complicated 

jobs. In this era, people depend on others to accomplish 

tasks. As a result, collaboration skills are necessary to 

help individuals leverage team members’ strengths and 

work towards a common goal [17, 16]. An individual 

with this skill can successfully work with a diverse team 

and is open-minded. Communication skills refer to the 

ability to clearly and effectively express ideas, thoughts, 

and information clearly and effectively [19].  
Community engagement encompasses activities that 

enhance community cohesion, foster civic 

responsibility, and promote volunteerism, particularly 

among students. This process facilitates the dismantling 

of social barriers, cultivating respect and trust and 

contributing to a more inclusive environment. In 

education, there is a focus on 21st-century skills such as 

critical thinking, creativity, collaboration, and 

communication (the 4Cs) to prepare students for modern 

challenges. However, there is no set definition for these 

skills, leading to confusion and different meanings. 

While these skills have been around for a long time, the 

ways they are taught has changed significantly. 

Educational institutions often tailor their definitions of 

these skills to align them with the needs of their local 

community. 

3.2. Advantages of Participation in Community 

Engagement 

For teachers, the community, and society, 

participating in community engagement offers several 

advantages. The opportunity it gives pre-service 

teachers to build 21st-century abilities is a major benefit 

of this engagement. In addition, engaging in community 

participation can foster personal growth and 

development [22, 23]. In this setting, people can 

broaden their perspective, acquire new knowledge, and 

develop new skills. Therefore, it is important to 

strengthen social relationships. As people work together 

to create a sense of belonging, participation in 

community involvement helps deepen relationships [23, 

43]. This involvement also links future teachers with the 

fundamental requirements of the community [22]. They 

investigated the community needs to assist students or 

people in a specific community. Furthermore, 

participation in community engagement provides a 

fantastic opportunity to learn more from others. As they 

are already familiar with issues and opportunities in 

different communities, Pre-service teachers who engage 

in community services can provide services effectively. 

3.3. Challenging Participation in Community 

Engagement 

According to [22], limitations in time and budget are 

significant barriers to community engagement. In 
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general, pre-service teachers may find it time consuming 

to participate in community engagement initiatives. In 

addition, they require many resources, including 

materials, equipment, and transportation. It may be 

difficult for pre-service teachers to participate in 

community interactions if they lack sufficient time and 

resources. Furthermore, participating in community 

engagement is quite demanding, and pre-service 

teachers may feel mentally and physically worn out 

afterward [22, 24]. This situation may result in burnout 

and weariness, which may reduce the benefits of 

exercise. It is important to note that some groups may 

exhibit opposition if there has not been cultural change. 

Additionally, certain community involvement initiatives 

in which pre-service teachers are interested in taking 

part in may involve questioning attitudes and existing 

beliefs, resulting in resistance or hostility from those 

who do not want to change [22, 23]. 

4. Methodology
4.1 Research Design and Paradigm

The study followed a mixed-method sequential

descriptive design (Figure 1), starting with quantitative 

data collection and using the qualitative phase to provide 

deeper insights into the main findings. The decision to 

use this approach was made because of its potential to 

explore how social engagement influences the 

development of 21st century skills in pre-service and in-

service teachers (i.e., the four skills). 

Figure 1. Study Design 

This study is based on a pragmatic model that allows 

for the flexible use of quantitative and qualitative 

methods to answer research questions that provide 

doable actions to guide smooth implementation [25]. 

4.2 Population and Sample 

Pre-service and in-service teachers participated in 

this study. They are all enrolled in graduate programs 

from different institutions in Abu Dhabi, United Arab 

Emirates (UAE). Al-Ain University was employed to 

provide access to participants' records to facilitate the 

sampling process. The participants represented a diverse 

sample from different year levels and specializations 

were included to ensure a wide representation of their 

experiences with community engagement activities. 

During the quantitative phase, a random sample of 160 

pre-service teachers (65 biology, 55 chemistry, 25 

physics, and 15 general science) and 85 in-service 

teachers (20 biology, 35 chemistry, 15 physics, and 15 

general science) was selected to complete a structured 

survey designed to assess the development of the 4Cs 

through community engagement activities (Table1). 

Although the survey was structured, this method 

maintained the integrity of randomization by ensuring 

that each participant had an equal chance of being 

selected. Systematic random sampling minimizes 

selection bias while ensuring a clear and organized 

approach to participant selection, which enhances the 

generalizability of the results [26]. 

Table 1. Distribution of the Teachers’ Sample 

According to Specialist 

Pre-service In-service 

Subject N 
Percentage 

(%) 
N 

Percentage 

(%) 

Biology 65 26.5 20 8.2 

Chemistry 55 22.4 35 14.3 

Physics 25 10.3 15 6.1 

General 

Science 
15 6.1 15 6.1 

Total sample 160 65.3 85 34.7 

In the qualitative phase, a purposive sampling 

technique was employed as the second step after 

completing the survey. Twenty participants were 

selected from the survey respondents based on their 

responses to items that reflected trends or diverse 

experiences in community engagement. This method 

allowed for in-depth and further elaboration of specific 

experiences and provided rich qualitative data to 

complement the quantitative findings. However, only 

interview participants with these distinguished answers 

were invited, based on their willingness to engage in 

further research, which reduced the target audience. The 

final sample size across both phases provided ample 

breadth for statistical analysis and the interviews added 

a rich contextual understanding. 

4.3 Survey Instrument 

The survey used in this study for the quantitative 

phase was adapted from well-established instruments 

designed to measure the development of 21st-century 

skills, particularly the 4Cs. The survey consisted of 

Likert-scale questions aimed at assessing the extent to 

which participants believed that community engagement 

contributed to their relevant set of skills: growth in 

critical thinking, creative thinking, collaboration, and 

communication. The survey was distributed 

electronically to 160 pre-service teachers and 85 in-

service teachers through a secure online platform that 

did not require any identifiers of their personal 
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information. Theparticipants were given two weeks to 

complete the survey, and a reminder was sent to increase 

the sample size after the initial invitation. In alignment 

with ethical guidelines, when human subjects were 

involved in data collection, all participants provided 

signed or electronically signed informed consent before 

participation. The researchers were introduced in the 

invitation letter, including the study objectives, 

voluntary nature of their participation, and right to 

withdraw at any time without any negative 

consequences or possible risks. Anonymity and 

confidentiality were strictly maintained with no single 

option to mention any personal information that could 

reveal identities. Additionally, the survey featured open-

ended questions to capture initial qualitative insights 

that may enable researchers to determine significant 

responses that could later be expanded upon during the 

interview phase. To ensure clarity and reliability, the 

survey was pilot-tested with a small group of pre-service 

teachers (n = 10). 

4.4 Interview Protocol 

Following an analysis of the survey data, semi-

structured interviews were conducted to obtain richer 

and more valuable data about how pre-service and in-

service teachers perceived the impact of community 

engagement on the development of the 4Cs. Twenty pre-

service and in-service teachers were selected for in-

depth interviews based on their significant responses to 

the open-ended questions. Each participant received a 

consent form detailing the purpose, procedures, and 

ethical safeguards of the study, including confidentiality 

and the voluntary nature of their involvement, which had 

no rewards or gifts that may influence their answers, 

except thanking them verbally. Interviews were 

scheduled based on participant availability and 

conducted over a two-week period. Each interview 

lasted between 30 and 45 minutes, with participants 

given the option to engage either face-to-face or online 

depending on their preference and availability. All 

interviews were audio-recorded with participants’ 

consent and transcribed verbatim for analysis. 

4.5 Data Analysis 

Quantitative data from the survey were analyzed 

using descriptive and inferential statistics using SPSS 

software. Descriptive statistics, such as means (M) and 

standard deviations (SD), were calculated to provide a 

summary of the participants' perceptions of their 4Cs 

development through community engagement. An 

independent sample t-test was used to determine 

whether there were any statistically significant 

differences between the two groups. All analyses were 

performed using SPSS software. Cronbach’s alpha was 

calculated to assess the reliability of the survey, resulting 

in a high internal consistency (α = 0.85). 

The interview transcripts were analyzed using thematic 

analysis based on the six-phase approach of[27]. A 

standardization exercise was conducted between the 

researchers involved in this analysis, which was chosen 

because it allows for a flexible and structured way of 

identifying, analyzing, and reporting patterns (themes) 

within the data [28, 29]. The standardization process 

began with familiarization, where the transcripts were 

read and critically reviewed to capture a comprehensive 

understanding of the data and identify initial ideas. Each 

chosen idea, according to this process, is labeled by a 

code. The codes generated were meaningful, as they 

captured the essential aspects of participants’ 

experiences related to the development of the 4Cs. In the 

following step, the data were systematically coded 

inductively and deductively, which was the final part of 

the standardization process, as this ensured that the 

themes were data-driven and aligned with the research 

objectives [27, 30]. The codes were then grouped into 

broader themes representing how pre-service teachers 

perceived the impact of community engagement on 

professional skill development. Researchers have 

refined and reviewed the themes to conduct cross-

referencing with existing research to maintain a 

consistent and coherent list of themes [27, 31]. One 

important step was considered to ensure the 

trustworthiness of the analysis: member checking was 

conducted wherein the study participants were invited to 

review the accuracy of their transcripts and provide 

feedback (if any) on the identified themes. Additionally, 

peer debriefing was employed to validate the findings 

and enhance the overall credibility [29]. Finally, the 

qualitative findings were triangulated with quantitative 

data, contributing to a richer collective understanding of 

how community engagement contributed to the 

developing of the 4Cs among pre-service teachers. 

To ensure the validity of the survey, the quantitative 

instrument, content validation, was performed by a 

panel of experts in teacher education and community 

engagement, who reviewed the survey items to confirm 

that they adequately captured the dimensions of the 4Cs. 

Reliability was further confirmed using Cronbach’s 

alpha, which demonstrated a high level of internal 

consistency for the survey items. In the qualitative 

phase, trustworthiness is maintained through various 

methods, including prolonged engagement with the 

data, member checking, and peer debriefing. These steps 

ensured the credibility and accuracy of the qualitative 

findings, while also providing a coherent integration of 

the results from both the quantitative and qualitative 

phases. 

5. Findings

5.1 How does community engagement affect 

teachers' 4Cs? 

5.1.1 Quantitative results 
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First, the fourth domain of teachers’ 21st-century skills 

was separately calculated for the mean, standard 

deviation, and Cronbach’s alpha (see Table 2). The 

highest score of the domain of the survey was 

communication skills for the pre-service (M = 3.77, SD 

= 1.05) and in-service teachers (M = 4.46, SD = 0.98). 

For both groups, the most frequently cited online 

learning communication was “I am confident in my 

ability to communicate with clarity and impact” 

followed by communication, critical thinking, and 

creative thinking, which had the second lowest mean 

scores for 21st-century skills perceived by pre- and in-

service science teachers. All 21st-century skill domains 

had lower mean scores for pre-service teachers than for 

in-service teachers: critical thinking (M = 3.41, M = 

4.03), creative thinking (M = 3.55, M = 4.14), 

collaboration (M = 3.71, M = 4.33), and communication 

(M = 3.77, M = 4.46). Cronbach’s alpha ranged from 

0.81–0.91, which is considered "good.” 

Table 2. Descriptive Statistics of the 21 Century 

Skills in the Two Groups 

5.1.2 Qualitative results 

The teachers expressed that community 

engagement significantly contributed to the 

development of their 21st-century skills, 

particularly in critical thinking, collaboration, 

communication, and creativity. Many participants 

highlighted that working directly with diverse 

communities allowed them to apply theoretical 

knowledge to real-life situations, fostering a deeper 

understanding of social issues and helping them 

refine their problem-solving and critical thinking 

skills. For example, one participant stated: "When I 

worked on a community project addressing 

environmental awareness, I had to think critically 

about how to adapt complex scientific concepts to 

be understandable for different audiences. It 

challenged me to be more analytical and reflective 

about my approach." 

5.2 Differences between pre-service and in-service 

teachers' 4Cs development and community 

participation 

5.2.1 Quantitative results 

A series of t-tests were conducted to determine the 

differences between pre-and in-service teachers' 

respondents (Table 3). The results indicated that there 

was a statistically significant difference at the p 0< .005 

level in critical thinking scores for the four groups of 

science teachers (biology, chemistry, physics, and 

general science). In addition, there was a statistically 

significant difference (p <.05) in creative thinking scores 

and collaboration, p 0< .05. However, there were no 

significant differences in the communication scores 

among the four groups of teachers. 

Table 3. An Independent-Samples t-Test of 21 

Century skills of the Two Groups 

Domains of teachers’ 21st-century skills 

Preservice 

teachers 

Inservice 

teachers 

Mean SD Mean SD 

Critical Thinking    α (0.81) 3.41 1.01 4.03 0.94 

I critically evaluate information and arguments before making decisions 3.34 1.02 4.43 0.66 

I actively seek out different perspectives and consider alternative viewpoints 3.46 0.86 4.12 0.89 

I am confident in my ability to analyze complex problems and find effective 

solutions 
3.43 1.16 4.11 1.04 

I am open to changing my opinions when presented with new evidence 3.56 0.98 3.89 1.19 

I apply logical reasoning to solve problems and make informed judgments 3.35 1.42 3.65 0.77 

I am able to break down complex issues into manageable components for 

analysis 
3.34 0.64 4 1.08 

Creative Thinking   α (0.83) 3.55 1.03 4.14 0.98 

I am comfortable taking risks and trying new approaches to solve problems 2.98 1.26 3.58 0.65 

I enjoy brainstorming ideas and generating innovative solutions 3.1 0.93 4.44 1.01 

I embrace ambiguity and view it as an opportunity for creative thinking 4.01 1.31 3.83 0.76 

I enjoy experimenting with different methods and approaches to enhance 

creativity 
3.88 1.11 4.32 1.4 

I value originality and encourage innovative thinking in myself and others 3.79 0.87 4.22 0.87 

I actively seek feedback and input from others to improve my creative 

thinking skills 
3.55 0.69 4.47 1.19 

Collaboration    α (0.91) 3.71 1.00 4.33 0.93 

I effectively communicate and listen to others' perspectives during group 

work 
4.01 0.85 4.65 0.75 

I actively seek opportunities to collaborate with my peers and colleagues 4.22 1.12 4.42 1 

I am able to work cooperatively towards common goals with others 3.43 1.32 4.87 1.04 

I value teamwork and recognize the importance of collective achievements 3.11 0.87 4.29 0.56 

I actively contribute to group discussions and encourage participation from 

others 
4.11 1.13 4.51 0.82 

I enjoy sharing responsibilities and working collaboratively on projects 3.32 0.99 3.64 1.17 

I appreciate the strengths and expertise of my teammates and leverage them 

for effective collaboration 
3.74 0.73 3.9 1.19 

Communication    α (0.86) 3.77 1.05 4.46 0.98 

I can express my ideas clearly and concisely in both written and oral forms 4.21 0.89 4.55 0,77 

I actively listen to others and provide constructive feedback during 

conversations 
3.68 1.31 4.73 0.91 

I effectively use non-verbal cues to enhance my communication 3.87 1.02 4.48 0.64 

I am comfortable engaging in public speaking and presenting information 

to audiences 
3.34 0.93 4.05 1.18 
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5.2.1 Qualitative results 

The participants described community engagement 

as a driving force for enhancing teamwork abilities. By 

collaborating with community members, including local 

community individuals who deliver services to their 

schools and other pre-service teachers, they were 

exposed to a multitude of viewpoints that promoted 

open-mindedness and taught them how to handle 

conflicts productively, which did not significantly delay 

their usual duties. In-service teachers also highlighted 

the value of interacting with individuals from diverse 

cultural and social backgrounds, including connecting 

with expert colleagues from other institutions, which 

helped improve their teamwork skills and ability to 

collaborate in professional settings, for example, co-

creating solutions for similar and common issues they 

face related, for example, to assessment, curricula, and 

field visits. One participant noted: "I learned a lot about 

collaboration by working with people from various 

backgrounds. Everyone has different ideas, but we have 

to come together to achieve a shared goal. It taught me 

to listen and be flexible."  

The pre-service teachers, considering that some of 

them are being trained and placed in schools, reported 

that their communication skills improved through 

interactions with community members of varying ages, 

different positions of professions, cultures, and 

educational backgrounds, such as exposure to MOE 

training positions and civil defense individuals who visit 

schools to train the staff on evaluation plans. They 

needed to adjust their language using the right 

terminology for a better presentation of their 

professional discussion. One teacher commented: "In 

our community project, we had to present our ideas to 

local leaders and parents, which required us to break 

down complex terms into simpler language. This helped 

me become a better communicator both verbally and 

non-verbally." Another in-service teacher emphasized 

the importance of active listening: "I became a better 

listener. When you're working with community 

members, you realize that their input is just as important 

as yours." Additionally, community engagement fosters 

creativity, as teachers often need to develop innovative 

solutions to address community challenges and issues 

related to their professional roles. Many pre-service 

teachers observed that working in these environments 

required them to think creatively about developing 

effective and practical solutions to at least cope with the 

expert professional they are working with them. One 

participant reflected: "We had to find creative ways to 

engage younger children in science experiments with 

limited resources. This experience pushed me to think of 

alternative teaching methods and make learning fun and 

interactive." The opportunity to experiment with new 

ideas in real-world contexts helped in-service teachers 

develop their creative thinking skills, which they 

believed would be beneficial for their future teaching 

careers. 

5.3 Teachers' community engagement challenges 

Despite the positive outcomes, participants also 

noted several barriers to engaging in community 

activities. Time constraints, limited access to resources, 

and a lack of institutional support were the most 

frequently cited obstacles. Some pre-service teachers 

expressed difficulty balancing their academic 

commitments with community engagement projects. 

One participant stated: "It was challenging to allocate 

time between classes and personal commitments to 

participate fully in community projects. It would be 

beneficial if educational institutions provided more 

structured opportunities that align with our schedules." 

Moreover, some participants indicated that lack of prior 

exposure to community engagement created a sense of 

uncertainty, many of whom were initially unfamiliar 

with how to become involved, and we experienced some 

hesitation. Additional guidance and mentorship from 

our university would be beneficial. 

Furthermore, many in-service teacher shave offered 

various suggestions to overcome barriers to community 

engagement. They advocated for more institutional 

support, including mentorship programs and clear 

guidance on how to integrate community engagement 

into teaching practices. Some also suggested that 

schools provide additional time and resources to 

participate in community projects. For example, an in-

service participant stated that "If universities had formal 

partnerships with community organizations, it would 

make it easier for us to get involved and help bridge the 

21 Century skills Groups N Mean SD t df Sig. 
C

r
it

ic
a
l 

th
in

k
in

g
 Biology 

Preservice 65 3.13 0.92 
0.197 83 0.000 

In-service 20 3.64 0.67 

Chemistry 
Preservice 55 3.36 1.21 

12.640 88 0.000 
In-service 35 4.24 0.88 

Physics 
Preservice 25 3.69 1.2 

15.981 38 0.032 
In-service 15 4.12 0.86 

General 

Science 

Preservice 15 3.65 1.28 
22.146 28 0.041 

In-service 15 4.65 0.9 

C
r
e
a
ti

v
e
 t

h
in

k
in

g
 Biology 

Preservice 65 2.81 1.02 
18.332 83 0.012 

In-service 20 3.82 0.95 

Chemistry 
Preservice 55 3.42 0.89 

17.631 88 0.044 
In-service 35 4.04 1.05 

Physics 
Preservice 25 3.66 0.83 

14.418 38 0.000 
In-service 15 3.99 1.01 

General 

Science 

Preservice 15 3.63 1.04 
23.290 28 0.000 

In-service 15 4.45 1.01 

C
o

ll
a
b

o
r
a
ti

o
n

 

Biology 
Preservice 65 3.61 1.12 

19.671 83 0.019 
In-service 20 4.25 1.11 

Chemistry 
Preservice 55 3.43 0.96 

14.693 88 0.029 
In-service 35 4.08 0.85 

Physics 
Preservice 25 4.17 1.17 

0.563 38 0.000 
In-service 15 4.69 0.96 

General 

Science 

Preservice 15 3.63 0.84 
6.973 28 0.000 

In-service 15 4.41 0.89 

C
o

m
m

u
n

ic
a
ti

o
n

 Biology 
Preservice 65 4.1 0.98 

0.658 83 0.443 
In-service 20 4.4 1.02 

Chemistry 
Preservice 55 3.99 1.04 

11.145 88 0.086 
In-service 35 4.18 1.13 

Physics 
Preservice 25 4.13 0.78 

18.931 38 0.121 
In-service 15 4.53 0.89 

General 

Science 

Preservice 15 4.17 1.03 
8.415 28 0.313 

In-service 15 4.34 1.12 
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gap between theory and practice." Additionally, 

creating structured programs in which community 

engagement is a mandatory part of the curriculum was 

proposed as a way to ensure that more pre-service 

teachers have opportunities to develop their 4Cs through 

hands-on experience. 

6. Discussion
The quantitative findings highlighted the differences

between pre- and in-service science teachers and how 

community engagement affects and is associated with 

teachers' 21st-century skills (critical thinking, creativity, 

communication, and collaboration). In-service teachers 

consistently scored higher across all domains, 

particularly in communication and collaboration, likely 

because of their practical experience, professional 

exposure, and familiarity with the right terms, at least in 

the teaching experience. These findings align with those 

of [32] and [33], which emphasize the importance of 

real-world applications in skill development, as these 

real-world applications require the co-creation of 

solutions to address issues, such as climate change and 

conservation efforts, which also require clear and 

precise communication between community members. 

In terms of critical thinking, in-service teachers 

significantly outperformed pre-service teachers, 

particularly chemistry teachers. This suggests that in-

service teachers benefit from more frequent 

opportunities to apply critical thinking in real-world 

contexts, which helps sharpen these skills. This aligns 

with the studies on teacher development by [34] and 

[35]. Similarly, in-service teachers scored higher on 

creative thinking with their practical experience 

fostering innovation and adaptability, as noted in [36]. 

Collaboration scores were also higher for in-service 

teachers, reinforcing the idea that professional 

environments, such as schools, provide better 

opportunities for teamwork and collaboration than 

academic settings [37, 38]. Although in-service 

teachers had higher communication scores, these 

differences were not always significant. However, their 

greater exposure to diverse audiences in professional 

settings, such as parents and students, may give them a 

slight advantage in communication [39]. 

More precisely, the qualitative findings confirmed 

the significant role of community engagement in 

developing teachers’ 21st-century skills [41], 

particularly critical thinking skills [42], collaboration, 

communication, and creativity. All teachers in the study 

highlighted that working with communities allowed 

them to apply theoretical knowledge in real-life 

situations, such as making daily decisions in their daily 

life situations, selecting water brand bottles that have a 

lower sodium ratio used to purify the water, thus 

improving their problem-solving and critical thinking 

skills using inquiry skills [41-44]. One participant noted 

that adapting complex scientific concepts for 

multicultural students required deep reflection, aligning 

with research on the importance of practical skills 

development experiences [33]. Collaboration with 

diverse groups was essential in fostering teamwork and 

open-mindedness, as teachers had to navigate different 

perspectives and work toward shared goals. This finding 

supports the finding that professional collaboration 

strengthens adaptability and teamwork [37]. Teachers 

also reported improvements in communication skills, as 

they needed to adjust their language and presentation 

styles for various audiences. This aligns with [39], who 

emphasized the role of diverse audiences in enhancing 

communication. Community engagement also promotes 

creativity, as teachers must develop innovative solutions 

to real-world challenges [36]. However, time 

constraints, limited resources, and institutional support 

barriers suggest the need for more structured support for 

these activities [38].  

7. Implications and Recommendations
The findings indicate that in-service teachers

demonstrate higher proficiency in 21st-century skills 

(critical thinking, creativity, communication, and 

collaboration) than pre-service teachers, largely because 

of the real-world experiences they accumulate over time. 

This underscores the importance of practical hands-on 

learning opportunities for pre-service teachers, which 

can better prepare them for future professional demands. 

Community engagement plays a vital role in developing 

these skills by offering teachers real-life scenarios in 

which to apply their theoretical knowledge. However, 

challenges such as limited resources, time constraints, 

and lack of institutional support hinder the full 

development of these skills, particularly for pre-service 

teachers. 

This study offers several recommendations for future 

research. First, teacher education programs should 

integrate hands-on community-based projects to bridge 

the gap between theoretical knowledge and practical 

application. This would allow pre-service teachers to 

develop critical thinking skills and creativity in real-

world contexts. In addition, schools and teacher-training 

institutions should provide more resources and formal 

support for community engagement activities. This may 

include allocating time within curricula, offering 

financial resources, and incentivizing participation in 

such projects to maximize skill development. Finally, 

both in-service and pre-service teachers should be 

provided with continuous professional development 

opportunities that focus on enhancing 21st-century 

skills, with an emphasis on collaboration and 

communication strategies for diverse audiences.  

8. Conclusion
Embedding community engagement within the

professional remit of both pre-service and in-service

science teachers in the United Arab Emirates (UAE) is
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pivotal for cultivating the constellation of 21st-century 

competencies—critical thinking, creativity, 

communication, and collaboration—that undergird a 

robust professional identity and, ultimately, enhance 

pupil attainment. The consistently higher performance 

of in-service teachers relative to their pre-service 

counterparts can be ascribed to their sustained exposure 

to authentic classroom contexts and to the prescriptive 

demands of the UAE science curriculum, which require 

educators to design learning experiences that enable 

students to transfer scientific knowledge to the 

resolution of everyday challenges. 

Structured participation in community-based projects 

bridges theory and practice, enabling teachers to 

operationalise pedagogical constructs in situ and to 

internalise reflective, evidence-informed approaches. 

These findings reaffirm the imperative of systematically 

embedding authentic, context-relevant community 

experiences across the continuum of teacher preparation 

and professional development. To close the observed 

skills gap, pre-service programmes and in-service 

qualifications should incorporate scaffolded, 

institutionally supported placements that facilitate 

meaningful collaboration with community stakeholders 

while attenuating pervasive barriers such as limited 

time, insufficient resources, and inconsistent 

administrative backing. 
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