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                                              Abstract 
  Access to safe water remains a critical challenge in developing countries, including 

Lao PDR, where reliance on untreated water and microbial contamination persists. This study 

evaluates a capacity-building teacher program on water quality education at teachers training 

college in Salavan Province, Lao PDR. The program consisted of a volunteer-led training 

followed by teacher-led instruction. Teachers’ understanding, self-efficacy, motivation, and 

dissemination intention were assessed using a five-point Likert-scale questionnaire, and 

statistical analyses were conducted. Results showed high levels of understanding, self-

efficacy, and motivation in both sessions, with no significant differences. Understanding 

significantly influenced self-efficacy, while only understanding remained a significant factor 

of motivation in multivariate analysis. All three factors were positively associated with 

knowledge dissemination, with motivation showing the strongest effect. Key challenges 

included lack of equipment and time constraints, which may limit the translation of 

knowledge into practice. These findings highlight the importance of integrating knowledge, 

self-efficacy, and motivation in capacity-building programs to support sustainable and 

teacher-led water quality education in low-resource settings. 

Keywords: Capacity building, Knowledge dissemination, Self-efficacy, Water quality 

education 

 
Introduction 

Ensuring access to safe and sustainable water supply and sanitation is recognized as one 

of the key development challenges under the Sustainable Development Goals (SDGs) (United 

Nations, 2015). In developing countries, although progress has been made in expanding water 

supply infrastructure and improving access to safe water, insufficient understanding of water 

quality and persistent distrust of tap water remain significant issues in many regions. In 

particular, reliance on untreated water sources, such as groundwater, surface water, and 

rainwater, remains widespread, especially in rural areas in the Lao People’s Democratic 

Republic (hereinafter referred to as Laos). The proportion of the population with access to 

safely managed drinking water remains limited, at approximately 35% (World Health 

Organization (WHO) and the United Nations Children’s Fund (UNICEF), 2025). Against this 

background of water use, concerns regarding water quality safety have become increasingly 

evident. According to the national survey in Laos, Escherichia coli (E. coli) was detected in 

70.4% of household water samples (Lao Statistics Bureau and United Nations Children’s 

Fund (UNICEF), 2025). It is well known that E. coli in water sources originates from 

livestock waste and human fecal contamination, and microbial contamination is considered a 

significant health risk, particularly in areas relying on untreated surface water (Nakhle et al., 

2021). Such water quality risks are closely associated with the occurrence of waterborne 

diseases and may have serious implications for public health. Despite ongoing improvements 

in water supply infrastructure, dissemination of knowledge on water quality management and 
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safe water use remains insufficient, underscoring the need to enhance public understanding of 

water safety. 

In response to these challenges, the EcoHealth approach, which integrates ecosystems and 

human health, emphasizes the importance of comprehensive strategies that account for the 

interconnections among environmental, social, and health factors. It has been suggested that 

incorporating EcoHealth perspectives into education is essential for achieving sustainable 

health outcomes (Asakura et al., 2015). Laos has taken a pioneering step by integrating 

EcoHealth education into its national curriculum, and water quality education plays a crucial 

role in promoting both public health and sustainable water use. Previous studies have reported 

that school-based public health education and WASH (Water, Sanitation, and Hygiene) 

interventions contribute to improvements in students’ hygiene behaviors and practices (Chard 

et al., 2018, Chard et al., 2019). Developing students’ basic understanding of water quality 

and risk perception through school education is expected not only to enhance their own 

hygiene awareness but also to generate spillover effects to households and local communities. 

However, if teachers responsible for delivering such education lack sufficient knowledge of 

water quality, practical skills for experiments and measurements, and the ability to effectively 

communicate these concepts, the impact of education may be limited. In low- and middle-

income countries, it has been noted that teachers often lack the knowledge and pedagogical 

skills necessary for effective teaching (Agormedah et al, 2022). Therefore, the importance of 

teacher capacity building has been widely recognized. In this context, it is essential not only 

to provide knowledge but also to ensure that such knowledge is applied in actual teaching 

practice. Training programs that include expert support, feedback, and collaborative elements 

have been shown to improve teachers’ practical competencies and the retention of learning 

outcomes (Popova et al., 2022). Clarifying the process by which knowledge acquisition leads 

to practical application and, subsequently, to sustained educational activities is therefore 

crucial for evaluating the effectiveness of educational programs. Previous studies have 

identified teachers’ subject knowledge, self-efficacy, and motivation as key factors 

influencing improvements in educational practice (Nimante et al., 2025). However, many 

existing studies on teacher training have pointed out that there is still limited understanding of 

how training translates into actual teaching practice and leads to continuous improvement in 

instruction (Sims et al., 2025). In other words, while knowledge-level outcomes such as 

improved understanding have been widely assessed, practical-level outcomes have not been 

sufficiently examined. Moreover, there is a lack of empirical research focusing on teachers’ 

intrinsic motivation to sustain teaching activities and the sustainability of educational 

interventions. 

 

Research objectives 

1. To implement a capacity-building program on water quality education for teachers at a 

teacher training college in Salavane Province, southern Laos 

2. To empirically evaluate changes in teachers’ competencies, including their 

understanding, self-efficacy, and practical teaching abilities, by comparing outcomes after 

classes conducted by external volunteers with those after teachers themselves delivered 

lessons to students. 

 
Methodology 
 Research Design 

This study employed a comparative educational intervention design to evaluate the 

effectiveness of a water quality education capacity-building program for teachers at the 

Salavan Teachers Training College in southern Laos. The study consisted of two sequential 
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stages: a “volunteer-led session” conducted by a Japan Overseas Cooperation Volunteer 

(JOCV) of the Japan International Cooperation Agency (JICA) and a subsequent “teacher-led 

session” conducted by participating teachers themselves. The volunteer-led session included 

lectures on water quality indicators, practical water quality measurements, and a field visit to 

the Salavan water supply state enterprise. The teacher-led session replicated the same 

instructional contents, except for the field visit, and was delivered to high school students by 

the trained teachers. The study compared teachers’ evaluations between the two sessions to 

assess the transition from knowledge acquisition to practical application. 

Participants 

The participants were chemistry teachers at the Salavan Teachers Training College located 

in Salavan Province, southern Laos. A total of seven teachers participated in each session. 

These teachers first attended the volunteer-led session and later conducted their own lessons 

during the teacher-led session. Participation in the study was voluntary, and ethical 

considerations were addressed through anonymization of data and protection of participant 

confidentiality. 

Data Collection 

  Data were collected using questionnaire surveys administered after each session as below: 

Table 1: Questionnaires survey and construction 

Category Survey Item Response format Volunteer-

led 

Teacher

-led 

Understanding Understanding of turbidity Likert (1-5) Yes Yes 

Understanding of color Likert (1-5) Yes Yes 

Understanding of microbial risk 

(e.g., E. coli) 

Likert (1-5) Yes Yes 

Self-efficacy Ability to explain water quality 

indicators to students 

Likert (1-5) Yes Yes 

Ability to conduct water quality 

testing (e.g., pack tests) 

Likert (1-5) Yes Yes 

Ability to interpret test results 

with students 

Likert (1-5) Yes Yes 

Ability to respond to students’ 

questions 

Likert (1-5) Yes Yes 

Motivation Willingness to conduct water 

quality lessons independently 

Likert (1-5) Yes No 

Applicability of the training 

content to regular classes 

Likert (1-5) Yes No 

Perceived importance of water 

quality education 

Likert (1-5) Yes Yes 

Willingness to continue 

conducting water quality 

lessons 

Likert (1-5) No Yes 

Feasibility of implementing this 

lesson in school settings 

Likert (1-5) No Yes 

Dissemination Willingness to share this 

content with other teachers 

Likert (1-5) No Yes 

Barriers Concerns when implementing 

lessons 

Multiple choice 

(multiple responses 

allowed) 

Yes Yes 

Support needs Required support for 

implementation 

Open-ended 

 (free description) 

Yes Yes 
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Data Analysis 

For quantitative analysis, mean values and standard deviations were calculated for each 

Likert-scale construct. Welch’s t-test was used to compare differences between the volunteer-

led and teacher-led sessions. For multiple-response items related to implementation barriers, 

the number and proportion of responses were calculated to identify major challenges. Open-

ended responses regarding support needs were analyzed using content analysis and 

categorized into themes such as equipment support, teaching materials, and training 

opportunities, with frequencies reported. Furthermore, simple and multiple regression 

analyses were conducted to examine relationships among constructs, and multicollinearity in 

the multiple regression models was assessed using variance inflation factors (VIFs). 

Finally, this study was conducted on a voluntary basis, and ethical considerations were 

ensured by anonymizing data and preventing the identification of individual participants. 

 

Results 
Changes in Understanding, Self-efficacy, and Motivation Before and After the 

Intervention 

   Table 2 presents the mean values and standard deviations for each category in the 

volunteer-led and teacher-led sessions shown in the table 2 below: 

Table 2: Results on understanding, practice, and motivation in lesson implementation in the 

volunteer-led session and the teacher-led session 

Construction 
Volunteer-led Teacher-led 

p-value 
Mean SD Mean SD 

Understanding 4.67 0.43 4.48 0.89 0.62 

Self-efficacy 4.57 0.40 4.50 0.72 0.82 

Motivation 4.67 0.39 4.62 0.62 0.86 

 

 In the volunteer-led session, comparisons across categories showed that both 

understanding and motivation had mean values of 4.67, which were higher than self-efficacy 

(4.57). In the teacher-led session, motivation was the highest (4.62), followed by self-efficacy 

(4.57) and understanding (4.48). In both sessions, all categories showed high levels, with 

mean values exceeding 4.5. These results indicate that participants generally demonstrated 

high levels of awareness and competence in water quality education following both the 

training and the teaching implementation. Furthermore, comparisons between the volunteer-

led and teacher-led sessions revealed no statistically significant differences in understanding 

(p = 0.62), self-efficacy (p = 0.82), or motivation (p = 0.86). Correlation analysis showed 

strong positive relationships among understanding, self-efficacy, and motivation, with 

coefficients of determination (R²) ranging from 0.76 to 0.91. In particular, a very strong 

correlation was observed between understanding and motivation (r = 0.91), suggesting a close 

relationship between knowledge acquisition and motivational factors. 

 

Structure of Understanding, Self-efficacy, and Motivation and Their Effects on 

Knowledge Dissemination 

  Table 3 presents the results of simple and multiple regression analyses examining the 

effects on self-efficacy and motivation following the volunteer-led and teacher-led sessions. 

In the volunteer-led group, simple regression analysis showed that understanding had a 

significant positive effect on self-efficacy (β = 0.80, p = 0.007). In contrast, the effect of self-

efficacy on motivation was not statistically significant (β = 0.69, p = 0.070). In the multiple 

regression analysis, neither the effect of understanding on self-efficacy nor that of self-

efficacy on motivation was statistically significant (p = 0.051 and p = 0.418, respectively). 
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  In the teacher-led session, simple regression analysis showed that understanding had a 

significant positive effect on self-efficacy (β = 0.66, p = 0.003). Similarly, self-efficacy had a 

significant positive effect on motivation (β = 0.75, p = 0.011). However, in the multiple 

regression analysis, only understanding remained a significant predictor (p = 0.002), while 

self-efficacy was no longer significant (p = 0.070). 

 

Table 3: Results of simple and multiple regression analyses on self-efficacy and motivation in 

the volunteer-led and teacher-led sessions 

Dependent  

variable 

Independent 

variable 

Volunteer-led 

(Univariate) 

Volunteer-led 

(Multivariate) 

Teacher-led 

(Univariate) 

Teacher-led 

(Multivariate) 

β(p-value) β(p-value) β(p-value) β(p-value) 

Self-

efficacy   

Understandi

ng 
0.80(0.007**) − 0.66(0.003**) − 

Motivation Understandi

ng 
− 0.66(0.051) − 0.50(0.002**) 

Motivation Self-

efficacy   
0.69(0.070) 0.23(0.418) 0.75(0.011*) 0.29(0.070) 

*p<0.05, * *p<0.01, * * *p<0.001 

 

Table 4: Results of regression analysis on factors influencing dissemination in lesson 

implementation in the volunteer-led and teacher-led sessions 

Dependent  

variable 

Independent 

variable 
β(Standardized) p-value R2 

Dissemination Understanding 0.391 0.005** 0.82 

Dissemination Self-efficacy 0.480 0.004** 0.84 

Dissemination Motivation 0.553 0.004** 0.83 

         *p<0.05, * *p<0.01, * * *p<0.001 

  

 Table 4 above presents the results of regression analyses examining factors influencing 

knowledge dissemination. In the simple regression analysis, all three categories showed 

significant positive effects on dissemination: understanding (β = 0.391, p = 0.005), self-

efficacy (β = 0.480, p = 0.004), and motivation (β = 0.553, p = 0.004). However, in the 

multiple regression analysis including all variables simultaneously, none of the variables 

showed significant effects. The variance inflation factor (VIF) values were high, with 

motivation reaching 11.2 and other variables exceeding 5, indicating strong multicollinearity 

among the explanatory variables. 

 

Challenges in the Implementation of Water Quality Education 

   Participants were asked to identify challenges encountered during lesson implementation 

using a multiple-response format, and the results were categorized accordingly (Figure 1). In 

the volunteer-led session, securing equipment was the most frequently reported challenge 

(75.0%), followed by lesson design (18.8%) and difficulty in explaining content to students 

(6.3%). In the teacher-led session, the proportion reporting equipment-related challenges 

decreased to 43.8%. This was followed by lesson design (25.0%), difficulty in explaining 

content (18.8%), and time constraints (12.5%). Comparing the two groups, all categories 

showed an increase in reported proportions. In addition, time constraints emerged as a new 

challenge in the Teacher-led group (12.5%), indicating issues that became more apparent 

during independent teaching practice. 
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Figure 1: Comparison of challenges after the lessons in the volunteer-led and teacher-led 

sessions 

 
Discussion 

Teachers’ Competency Development through Water Quality Education  

   The results of evaluating understanding, self-efficacy, and motivation in both the 

volunteer-led and teacher-led sessions (Table 2 and Table 3) showed consistently high levels 

across all constructs. In the teacher-led session, learning outcomes and competency levels 

comparable to those achieved under external volunteer support were maintained, suggesting 

that teachers’ competencies can be sustained without reliance on external instructors. These 

findings indicate that training initiated by external experts, followed by teacher-led 

implementation, plays an important role in promoting retention of learning content and 

transfer to practice, thereby enhancing the reproducibility of competencies (Popova et al., 

2022). Furthermore, simple regression analysis revealed that understanding had a positive 

effect on self-efficacy in both volunteer-led and teacher-led sessions. In particular, the 

teacher-led session, understanding was clearly identified as a primary determinant of self-

efficacy. This finding reflects a process in which deeper knowledge of water quality fosters 

teachers’ confidence in their ability to deliver instruction to students, thereby enhancing their 

self-efficacy as educators. These results are consistent with theories of self-efficacy in 

educational psychology (Bandura, 1977) and support previous findings that mastery 

experiences strengthen teachers’ self-efficacy (Agormedah et al, 2022). 

   In addition, a multiple regression analysis examining the effects of understanding and 

self-efficacy on motivation showed that understanding had a significant effect on motivation, 

whereas self-efficacy, although positive, did not reach statistical significance. This suggests 

that teachers’ motivation cannot be explained by a single factor alone. Rather, multiple factors 

such as the applicability of educational content in practice, time and curriculum constraints, 

institutional priorities, and the perceived importance of water-related issues in the community 

may interact to shape motivation. Therefore, enhancing self-efficacy alone is insufficient, and 

environmental and institutional support that enables teachers to recognize the value and 

necessity of educational practice is essential. 

Teacher-Led Capacity Building and Implications for Knowledge Dissemination 

   This study further examined how the effects of water quality education contribute to 

knowledge dissemination (Table 4). Understanding, self-efficacy, and motivation all showed 

significant effects on dissemination, with motivation exhibiting the strongest association. 

These findings indicate that conventional evaluation approaches focusing solely on 

knowledge acquisition are insufficient for promoting knowledge transfer. In other words, 
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educational outcomes are likely to extend to others only when learners not only understand 

the content but are also motivated to apply and share it. In addition, Sun et al. (2022) 

demonstrated that intrinsic motivation significantly promotes knowledge-sharing behavior, 

supporting the strong role of motivation in dissemination observed in this study. However, 

when the regression results are considered comprehensively, the relationships among 

understanding, self-efficacy, and motivation were not purely linear. While simple regression 

analysis showed significant relationships from understanding to self-efficacy and from self-

efficacy to motivation, these relationships weakened in multiple regression analysis, with only 

understanding remaining a significant direct predictor of motivation. This suggests that self-

efficacy may not function as an independent predictor of motivation but rather as a mediating 

or supportive factor in the relationship between understanding and motivation. 

Nevertheless, insufficient development of self-efficacy may hinder the translation of 

understanding into motivation. Therefore, strengthening self-efficacy in the process of 

converting understanding into motivation remains an important challenge. Issues such as lack 

of equipment and time constraints identified in Figure 1 may act as barriers to the 

development of self-efficacy. In low-resource educational settings, shortages of teaching 

materials, equipment, and institutional support have been reported to constrain the quality of 

educational practice (Castillo & Haßler, 2022). 
   Moreover, when sufficient opportunities for practical application and supportive learning 

environments are lacking, teachers may find it difficult to develop confidence in their ability 

to implement lessons, even if their understanding has improved. As a result, motivation may 

also be limited. The finding that motivation has the strongest effect on dissemination suggests 

that intrinsic motivation is a key driver in the process through which educational effects 

spread. When motivation is enhanced, learners are more likely to voluntarily share knowledge 

and skills with others, thereby facilitating broader dissemination of educational content. 

   In conclusion, achieving sustainable and widespread impact of water quality education 

requires not only improving understanding but also appropriately fostering self-efficacy and 

linking it to motivation through well-designed educational programs. Such approaches are 

particularly important for capacity building and provide a foundation for effective knowledge 

dissemination in resource-limited settings. 

 
Conclusion 

This study demonstrated that the implementation of a water quality education capacity-

building program at a teachers training college in Salavan Province, Laos, contributed to 

improvements in teachers’ understanding, self-efficacy, and motivation related to water 

quality education. The findings indicated that understanding positively influenced self-

efficacy, while motivation was affected by multiple factors beyond self-efficacy alone. 

Furthermore, understanding, self-efficacy, and motivation were all significantly associated 

with knowledge dissemination, with motivation identified as the strongest predictor. These 

results suggest that intrinsic motivation plays a crucial role in sustaining educational activities 

and promoting the spread of educational outcomes. However, several barriers, including 

limited equipment and time constraints, were identified as challenges that may restrict the 

development of teachers’ self-efficacy and hinder effective dissemination. Although the study 

provides important insights into teacher capacity building in water quality education, the 

relatively small sample size limits the generalizability of the findings, indicating the need for 

further research in broader educational settings. 
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Recommendation 
1. Utilization of Research Findings 

Based on the findings of this study, it is recommended that future water quality education 

programs focus not only on improving teachers’ knowledge but also on strengthening their 

self-efficacy and intrinsic motivation, as these factors are essential for sustaining educational 

practices and facilitating knowledge dissemination. In addition, supportive educational 

environments should be established by addressing practical barriers such as insufficient 

equipment and limited instructional time. Institutional support, including continuous training 

opportunities, technical assistance, and access to educational materials, is also necessary to 

maintain and enhance teachers’ competencies over time. Furthermore, integrating water 

quality education into formal educational curricula may contribute to the long-term 

sustainability and wider dissemination of educational outcomes. 

2. Suggestions for Future Research 
Future studies should involve larger sample sizes and diverse educational contexts to 

validate and expand upon the findings of this study. Comparative studies across different 

regions, school types, and educational levels may provide a broader understanding of the 

effectiveness and applicability of water quality education programs. In addition, longitudinal 

studies are needed to examine whether improvements in teachers’ understanding, self-

efficacy, and motivation can be sustained over time and translated into continuous educational 

practices. Future research should also investigate the impacts of teacher capacity-building 

programs on students’ learning outcomes, hygiene behaviors, and community-level 

knowledge dissemination. Furthermore, examining the relationships among institutional 

support, educational environments, and teachers’ practical implementation abilities may 

contribute to the development of more effective and sustainable educational models for water 

quality education. 
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