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ARTICLE INFO ABSTRACT
Keywords: Pit latrines are the most common form of improved sanitation in many rapidly developing
Sustainable sanitation countries. However, they cause the highest amount of groundwater pollution among on-site

On-site sanitation

Pit latri sanitation (OSS) facilities. Many households in developing countries use groundwater as their
it latrine

Septic tank main or sub-source, and pit latrines are not a sustainable solution. Thus, the conversion from pit

still image latrines to septic tanks is required.

Video We created two types of media, still images and a video, to illustrate the differences in func-
tions and hygiene risks between pit latrines and septic tanks. Moreover, a survey was conducted
in Sri Lanka to determine the media choice that would increase the people’s preference for septic
tanks as their next OSS, even weeks after the information is presented. The choice of the next OSS
participants selected before they were presented with the images was the same as that currently in
use, reflecting the belief that the problem of pit latrines was not currently apparent and need not
be changed. However, a video presentation of the information made it possible for a larger group
of people to choose the usage of septic tanks in the future, especially in suburban areas where the
problems were likely to occur.

1. Introduction

In many of the rapidly developing countries, millions of toilets, primarily pit latrines have been constructed using on-site sanitation
(0SS) to eliminate open defecation and improve sanitation [1,2]. Pit latrines are the most basic form of improved sanitation introduced
in many countries and regions to achieve the Millennium Development Goals [3], targeting half the population without sustainable
access to improved sanitation by 2015 [4]. Because pit latrines are used to separate excreta from humans, direct fecal infections can be
prevented. However, pathogens and nutrients are easily transported to the soil beneath the pit and into groundwater, as it only
temporally accumulates excreta and is not specifically designed to reduce pathogenic concentration [5]. Therefore, pit latrines cause
the highest amount of groundwater pollution among the OSS. In developing countries, tap water supply is available only in a few urban
areas. The majority of households use groundwater as their main or sub-source owing to insufficient funding and inefficiencies caused
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by less densely populated areas. Thus, pit latrines that contaminate groundwater are not a sustainable solution.

As of 2016, approximately 80 % of the households in Sri Lanka used flush toilets and pit latrines [6]. Pit latrines are designed to
collect human excreta without flushing large volumes of water [7], and their use along with flush toilets causes groundwater
contamination [8]. The National Water Supply and Drainage Board (NWSDB), which is responsible for water supply and wastewater
treatment in Sri Lanka, recommends avoiding pit latrine usage and constructing septic tanks with proper designs [9]. However, the
conversion from pit latrines to septic tanks has not yet progressed. In Sri Lanka, although tap water supply is widespread in urban
areas, groundwater is the main water source in the suburbs and rural areas. As for domestic wastewater, very few areas have sewage
systems, and the majority use the OSS, mainly pit latrines. Therefore, there is an increased risk of contamination from OSS, particularly
in the suburbs.

Regarding the transition of the sanitation method, research has been conducted on Water, Sanitation and Hygiene (WASH) in-
terventions that improve elementary hygiene behaviors, such as encouraging handwash and discouraging open defecation [10-12].
However, to the best of the authors’ knowledge, more advanced stage studies attempting to convert pit latrines into septic tanks have
not been conducted. In addition, as the conversion from a pit latrine to a septic tank is aimed at improving the sanitation of the local
population, direct application of WASH discoveries attempting to improve the sanitation of each individual is difficult.

Understanding the need to switch from pit latrines to septic tanks for sustainable sanitation requires specialized knowledge of
microbial contamination. Currently, the general population lacks an understanding of this issue; therefore, clear communication and
explanation are required. In general, people make different judgments depending on how they visualize it, whereas a verbal
description of a product might lack realism. The use of visual aids, such as a video, improves the respondents’ understanding of in-
formation and increases the reliability of the results, as visual information serves as a “common language” for all the stakeholders
[13-15]. However, Lalley and Miller (2007) stated that no particular method is always better than another and that effective methods
vary depending on the context [16]. Therefore, as a case study, we examined whether still images or a video would be more appro-
priate to help the people of Sri Lanka understand the mechanism that will ultimately encourage them to switch to septic tanks and
continue it in the future.

2. Materials and methods

Here, we propose a method to enhance the general public’s understanding of the difference between the functions and sanitation
risks associated with the use of pit latrines and septic tanks; this approach will also emphasize on promoting the public with selecting
an appropriate septic tank. This study is rooted in the concept of boosting in behavioral sciences, which has recently been garnering a
lot of attention [17,18]. Boosting is an approach gearing toward increasing people’s competence for understanding information
correctly, so that they are empowered to independently make contextually optimal decisions. Continuity is one of the most important
factors for improving competence. Specifically, competencies taught with an application of principles underlying boosting tend to be
sustained for prolonged periods, pointing to the continuous nature of their effects [19]. In this study, we verified the effectiveness of
the proposed boosting-linked method by measuring people’s understanding of the targeted information before and after the proposed
intervention, as well as after a certain period had elapsed.

2.1. Study design

The overall flow of the study is illustrated in Fig. 1. In the 1st questionnaire, we determined the participants’ knowledge and
thoughts on OSS prior to the intervention. Immediately after the 1st questionnaire, the intervention was implemented using two types
of media, namely, still images and a video. These media were used to illustrate the differences in functional and hygienic risks between
pit latrines and septic tanks. Participants were divided into two groups and each group was provided with either a still image or a video
(hereafter, still group and video group, respectively). This was immediately followed by the 2nd questionnaire that asked them to
determine their level of understanding and which OSS they would prefer to use at home. Approximately 2-3 weeks after the inter-
vention, the 3rd questionnaire which was same as 2nd one, was administered to the same participants to determine the persistence of
their understanding and the decision to choose the OSS. Memories generally fade rapidly after approximately 1 week [20]; therefore,
we set 2-3 weeks as the longer period. We then analyzed whether there were differences in comprehension, choice of OSS, and
continuity, depending on whether the participants viewed still images or a video.

Prior to the survey, we explained the methodology, confirmed their intent to participate, and obtained informed consent via e-mail
and SNS tools. Subsequently, the survey was conducted virtually using Zoom, as travel was not possible within Sri Lanka owing to
economic collapse and gasoline shortages in 2022. After accessing the online meeting, the participants were shown the URL containing

1st Questionnaire  Intervention  21d Questionnaire 31 Questionnaire

i . 2-3 weeks
s/ —)

Fig. 1. Overall flow of survey.
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the intervention and a questionnaire. After completion, a brief interview was conducted. This procedure prevented a 100 % trivial or

incomplete response. Moreover, a Sri Lankan who understood the objectives of the survey was asked to participate in each Zoom

survey to assist in communicating with the subjects. The survey was conducted from the end of July 2022 until November 2022.
The study was approved by Hitotsubashi University ethical committee (D019).
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Fig. 2. Excerpts of the explanatory still images. Note: Translated from Sinhara to English.
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Fig. 3. Screenshots from the video.
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2.2. Participants

We used the G*Power version 3.1.9.7 [21] to calculate the minimum required sample to conduct an independent two-group t-test
with d = 0.5 (medium effect), @ = 0.05, and power = .8. The minimum sample size was 64 participants per group. Prior to the survey
being administered, we confirmed that participants used OSS for the treatment of human waste. In Sri Lanka, OSS are usually con-
structed in the yard of residents’ houses or apartments, and it is common for people to independently choose the kind of OSS they
prefer.

A total of 128 Sri Lankan residents older than 17 years of age were selected through snowball sampling and randomly placed into
two groups of equal halves. The two groups corresponded to the two interventions described below: the still and video groups.

2.3. Interventions

Explanation media describing the same content were available, one with a still image and the other with a video. The participants
could view it repeatedly; however, they had to watch it for a certain amount of time. For the still group, they could not proceed to the
next page until 30 s had passed, whereas the video group had to watch the video entirely before they could proceed to the next page.

The explanatory media indicated the following: 1) the toilet wastewater contains substances that cause environmental pollution
and also contain pathogenic microorganisms owing to contamination from people with illnesses; 2) there are environmental and health
risks associated with pit latrines; 3) pit latrines and septic tanks have different mechanisms of treatment, maintenance, and envi-
ronmental and health risks. Some of the still images and screenshots from the video are shown in Figs. 2 and 3, and all are shown in
Appendix.

2.4. Questionnaire design

The 1st questionnaire, intervention, and the 2nd questionnaire were conducted on the same day, and the entire process was
complete in approximately 30 min. In the 1st questionnaire, the participants were asked for demographic data (i.e., age, sex, edu-
cation, and residential area), their current OSS at home, and the new OSS they would build in future. Regarding their current OSS, the
participants were asked to i) clarify the type of OSS (pit latrine or septic tank); ii) identify the degree of problem with their current OSS
in terms of maintenance effort, cost, and odor on a 5-point scale (1 [problematic] to 5 [not problematic]); and iii) evaluate their current
0SS in terms of environmental and health impacts. In addition, a 5-point scale was used to assess the preference of new OSS, which
they were to build, regarding pit latrines or septic tanks (1 [pit latrine] to 5 [septic tank]) and how important they would consider the
environmental impact, health impact, maintenance effort, and cost (1 ([important] to 5 [not important]).

In the 2nd questionnaire, which was conducted immediately after the intervention, participants evaluated themselves on how well
they understood the explanation material on a 5-point scale (1 [not understood] to 5 [understood]). Subsequently, they were assigned
quizzes to objectively measure their understanding of the intervention materials (Table 1). In addition, questions similar to those used
in the 1st questionnaire were replicated.

Then, the 3rd questionnaire was conducted 2-3 weeks. The same quizzes as 2nd questionnaire were assigned to determine whether
the participants remembered the explanatory material. In addition, questions similar to those used in the 1st questionnaire were
replicated. This process required approximately 5 min to complete.

3. Results
3.1. Participants

The distributions of age, sex, education, and residential area are presented in Table 2. Residential areas were classified into three
categories according to their population size: urban (50,000 or more), suburban (5000-50,000), and rural (5000 or less). There were

no significant differences between the groups (Fisher’s exact test for age: p = .640; sex: p = .655; education: p = .949, and chi-square
test for residential area: ;(2(2) =2.33,p =.312).

3.2. Current OSS at home

Approximately 70 % of the patients in both groups had pit latrines. There were no significant differences between groups in the type
of OSS used at home ()(2(1) = 0.15, p = .697) (Table 3).

Table 1
Quiz to assess comprehension.
Questions Answer choices
Which has a longer residence time? Pit latrine/Septic Tank
Which one requires regular maintenance? Pit latrine/Septic Tank
When the sludge is full, which OSS requires you to construct a new one? Pit latrine/Septic Tank
After how many years is it necessary to remove the sludge from a septic tank? One year/several years/ten years/no need
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Table 2
Distribution of age, sex, education, and residential area Number of people.
Still group Video group
Age
11-20 4 6
21-30 17 17
31-40 7 5
41-50 15 10
51-60 14 21
61-70 7 5
Sex
Male 20 14
Female 43 50
Others 1 0
Education
Primary 1 0
Secondary 4 3
High school 20 20
University 34 34
Others 5 7
Residential Area
Urban 8 13
Suburb 37 38
Rural 19 13

3.3. Evaluation of current OSS

In both groups, approximately 80 % of the participants presumed that their OSS had no environmental or health problems prior to
the intervention. However, immediately after the intervention, participants tended to think that there was a significant problem
(Fisher’s exact test: p = .000). After 2-3 weeks, they still presumed that there was a significant problem compared to that before the
intervention, although the trend weakened (Fisher’s exact test: p = .000) (Fig. 4).

3.4. Comprehension of information presented in the intervention

The participants were asked to self-assess their understanding of the intervention materials on a 5-point scale immediately after the
intervention. More than 80 % of the participants presumed that they fully understood the intervention materials, reaching 100 % when
combined with those who thought that they understood the materials to some extent. Thus, all the participants evaluated their
understanding.

The analysis of the number of correct answers to the quiz showed no significant differences between the still and video groups
immediately after the intervention. However, the video group tended to answer more questions correctly several weeks later than the
still group (Fisher’s exact test: p = .080) (Fig. 5). This indicates that videos may be a better medium for understanding and retaining
0OSS-related knowledge.

3.5. Preference of OSS in the future

Participants were asked to rate the type of OSS that they would choose in the future on a 5-point scale from “pit latrine (1) “to
“septic tank (5).” In both groups, the information provided about OSS resulted in a significant increase in the number of people
choosing septic tanks (Fisher’s exact test: p = .000 for both groups) (Fig. 6). In the still group, immediately after the intervention, the
number of people who chose the septic tank significantly increased, and those who chose the pit latrine significantly decreased;
however, a few weeks later, those who chose the pit latrine increased again. In the video group, immediately after the intervention, the
number of people who chose the septic tank significantly increased, and those who chose the pit latrine significantly decreased.
However, after a few weeks, unlike in the still group, the number of people choosing pit latrines did not increase, and the tendency to
choose septic tanks increased. It was found that videos were more likely to result in knowledge retention about OSS and thus

Table 3
Type of OSS. Number of people.
Still group Video group
Pit latrine 44 47
Septic tank 20 17

Approximately 80 % of the participants indicated that maintenance effort, cost, and odor
were not problematic for them; therefore, they were satisfied with their current OSS to
some extent. There were also no significant differences between the groups (Fisher’s
exact test: p = .766, .311, and 0.769, respectively).
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Fig. 4. Evaluation of current on-site sanitation (OSS).
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Fig. 5. Number of correct answers to the quiz.

participants continued to select the septic tank for their next OSS.

Changes in the choice of future OSS before and weeks after the intervention are shown in Fig. 7. In both groups, those who had
initially selected the septic tank continued to select the same after several weeks of intervention. In the still group, those who had
initially selected pit latrines continued to do so; however, in the video group, the selection of pit latrines decreased and those who
selected the septic tank increased several weeks after the intervention. Therefore, it can be said that the use of a video to communicate
information reached the necessary target audience (those who had selected pit latrine).

Ordinal logistic regression analysis was conducted on the choice of future OSS before intervention and 2-3 weeks after inter-
vention. The explanatory variables used were the type of intervention (video or not); percentage of correct answers to the quiz; current
0SS type (septic tank or not); and aspects considered important for the next OSS—environmental impact, health impact, maintenance
effort, and cost (1 [important] to 5 [not important]), and demographics (age and residential area). Variance inflation factors (VIF)
between variables were calculated (Table 4). As all VIFs were smaller than 10, we judged that there was no multicollinearity between

the variables.

Table 5 indicates the result of ordinal logistic regression analysis before intervention and 2-3 weeks after intervention. Before the
intervention, under normal conditions, the current type of OSS tends to influence future OSS selection. However, 2-3 weeks after the
intervention, a video presentation of scientific information about OSS led to a significant trend in the selection of a septic tank. In
addition, the trend was more pronounced among the suburban residents, where problems are more likely to occur. Furthermore, there
was a significant trend that the more the environmental impact was considered a problem, the more septic tanks were chosen.
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Fig. 7. Changes in the choice of future on-site sanitation (OSS) before and weeks after the intervention.

Table 4
VIF of explanatory variables.
Before Later date
Intervention 1.04 1.11
Quiz - 0.96
Current OSS type 1.05 —4.91
Aspects to consider important for the next OSS
Environmental impact 2.64 1.72
Health impact 2.59 1.77
Maintenance effort 1.64 1.81
Cost 1.38 1.76
Demographics
Age 1.03 1.06
Residential area 1.06 1.05
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Table 5
Result of ordinal logistic regression analysis.
Before Later date
estimate p-value estimate p-value
Intervention 0.35 0.329 1.272 0.008***
Quiz - - - -
Current OSS type 1.64 0.000%** 0.17 0.746
Aspects to consider important for the next OSS
Environmental impact —0.118 0.817 —0.188 0.082*
Health impact —0.057 0.937 0.505 0.469
Maintenance effort 0.167 0.624 0.186 0.646
Cost 0.237 0.425 —-0.214 0.678
Demographics
Age —-0.011 0.343 0.009 0.583
Suburbs 0.502 0.304 1.546 0.010%**
Rural 0.178 0.739 0.628 0.316

***p < .01, **p < .05, *p < .1.
Note: If the p value is less than the significance level, the effect of the explanatory variable is significant.

4. Discussion

In Sri Lanka, although OSS is installed in every household, pit latrines are still mainstream. However, a pit latrine paradox is
evident: it was chosen as the sanitation technology to safeguard human health, yet its use resulted in pollution and health risk hotspots
[22,23]. As many suburban and rural households in Sri Lanka use groundwater as their primary source of water, it is necessary to shift
to septic tanks; however, this shift has not progressed well. As most policies do not allow funding for individual OSS, the selection of
0SS is the responsibility of the household owners [24]. Usually, residents have limited knowledge of the technical aspects of OSS, and
they believe that the current situation is satisfactory, because there are currently no apparent problems. Therefore, they are unaware of
the importance of sanitation facilities and their maintenance [25]. However, fecal-derived contamination is certainly spreading, albeit
being invisible. To promote the transition to septic tanks, it is necessary to clearly communicate the risks of pit latrines to residents to
raise their awareness and aid their understanding. For that purpose, this study prepared still images and a video explaining the
environmental and health impacts of pit latrines, and investigated whether residents who viewed them would consider choosing pit
latrines or septic tanks as their next OSS.

The next OSS to be selected before presenting the information was the same as that currently in use, reflecting the belief that the
problem was not currently apparent to the participants. However, by presenting the information using a video, it was possible to
increase the number of people who chose to use the septic tank for their next OSS, especially residents in the suburbs where problems
are likely to occur. The higher percentage of correct answers to the quiz in the video group suggests that the understanding of in-
formation and its continuation increased when using a video, thereby increasing the selection of septic tanks. The power of video in
promoting understanding has been noted in other areas. For example, video has been shown to be the most appropriate learning
medium for teaching students in a formal setting [26,27]. In the context of the health science, the use of only writing- or audio-based
information has been linked to limited comprehension [28]. Overall, the inclusion of video-based information has been shown to be of
utmost importance for optimizing comprehension [29].

However, this study had some limitations. First, even though participants may have chosen a septic tank in this study, it does not
imply that they will act upon it. Discrepancies between intentions and actions have been reported in previous studies in the context of
the environment [30-32]. To translate intentions into actionable steps, not only the method or the specifics of the information being
taught, but also the other elements, such as financial support and social mechanisms, should be considered. These obtained results are
expected to provide insights to various stakeholders and policy makers that will allow them to move in this direction. Furthermore, for
household equipment such as OSS, the investment is large, and the family’s intention impacts the decision-making process. These
different elements are supposed to be considered comprehensively. Second, we asked people to look at still images and a video;
however, in the real world, it is difficult to direct people’s attention to such information. Therefore, it is necessary to not only find ways
to present information, but also to help people perceive the information. Since no method is universally applicable, it is important to
find multiple effective methods and combine them to form a robust solution. Third, we surveyed OSS choices 2-3 weeks after the
intervention. However, the actual OSS changes occur after a longer period; thus, it is uncertain what they will think at that time. In
addition, during the transition from intention to actual action, long-term behavioral change is also needed to consider various elements
comprehensively. Fourth, after a successful conversion to a septic tank, maintenance is required to pull out the sludge every few years,
a process not required for a pit latrine. The tank condition and maintenance influence the effluent quality [33]. Currently, the
maintenance of desludging many septic tanks is not through, making the septic tank a hot spot for contamination just like the pit latrine
[34]. When providing information about the septic tank in this study, we explained the importance of desludging every few years. It is
necessary to continue to encourage people to maintain the septic tank after the transition to decrease the environmental and health
impacts. Fifth, since snowball sampling was used, representativeness is limited. In developing countries, where there have been no
survey companies like developed countries, it is difficult to use the typical sampling methods. Past studies conducted in developing
countries indicated that a certain degree of knowledge can be acquired [35-37].
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Although there are certain limitations, similar situations occur in several parts of Asia besides Sri Lanka, and the findings of this
study can be applied to such areas. In this study, we compared still images and a video; however, recent technologies, such as AR and
VR, may also be effective. AR and VR can be used to visualize spatial dynamics [38], making them highly suitable for the visualization
and communication of facts related to hygiene that are happening underground in an easy-to-understand manner. In addition, since AR
and VR are attractive [39], they may be effective in capturing attention. Although it is possible that older people may not be familiar
with advanced technologies, there has been an overall positive attitude toward the use of VR among the elderly [40], suggesting that
there is no age-related resistance to the use of such technology. However, the use of this technology in such contexts still requires
further investigation.

5. Conclusions

In this study, we propose a method to enhance the general public’s understanding of functional and risk-related differences be-
tween pit latrines and septic tanks. In addition, we also aim to promoting the public with selecting an appropriate septic tank. We first
verified the effectiveness of the still images and a video explaining the environmental and health impacts of pit latrines by measuring
people’s understanding of the targeted information before and after the proposed intervention, as well as after a certain period. We
found that presenting the information in video form increased the number of people who chose to use the septic tank for their next OSS.
The higher percentage of correct answers to the quiz in the video group suggests that the use of videos resulted in a sustained
comprehension of the presented information; this outcome then; culminated in an increased selection of septic tanks by participants.
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