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Abstract 8 

Childhood education programmes aiming at incorporating topics related to science, technology, 9 

engineering, and mathematics (STEM) have gained recognition as key levers in the progress of 10 

education for all students. Inspiring young people to take part in the discovery and delivery of 11 

science is of paramount importance not only for their well-being but also for their future human 12 

development. To address this need, an outreach model entitled OH-Kids was designed to 13 

empower educators and pupils through the development of high-quality STEM learning 14 

experiences based on a research project. The model is an opportunity for primary school learners 15 

to meet geoscientists while receiving the take-home message that anyone can get involved in 16 

scientific activities. The effort is part of a research project aimed at the real-time monitoring of 17 

precipitation in Mexico City, which is a smart solution to rainfall monitoring using information 18 

and communications technologies. The argument behind this effort is that in order to produce the 19 

next generation of problem-solvers, education should ensure that learners develop an 20 

appreciation and working familiarity with a real-world project. Results show success at 21 

introducing the role of researchers and STEM topics to 6–12-year-old learners.  22 
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1. Introduction  28 

Inspiring young people to take part in the discovery and delivery of science, technology, 29 

engineering, and mathematics (STEM) has been proved to contribute significantly not only  to 30 

their well-being, but also to their future human development (Bertram and Pascal, 2016; Morgan 31 

et al., 2016; Friedman-Krauss et al., 2018). However, the current system uses teaching and learning 32 

methods that tend to develop geoscientists, engineers, and technologists only by mere chance. It 33 

seems that, in far too many cases, teachers and/or syllabi unintentionally deter potential STEM 34 

learners—especially girls—due to the way they choose to teach science, mathematics, design, and 35 

technology.  36 

 37 

Moreover, in several countries, such as the United Kingdom, STEM topics do not appear on the 38 

timetables of pupils of primary or lower secondary age (Bianchi and Chippindall, 2018). This is 39 

also the case in Mexico, where promoting and improving student engagement on these topics 40 

constitutes a great challenge for teachers. This is ascribed to the lack of professional guidance for 41 

early childhood educators, who rarely receive in-depth professional training for teaching STEM 42 

(Breneman et al., 2009). 43 

 44 

Primary and secondary education have been found to be significant periods for developing 45 

students’ interest in science and technology (Maltese et al. 2014). At these stages, pupils’ interest 46 

in science is closely related to the level of appreciation of its applicability in their lives. Therefore, 47 

it is important to incorporate activities in the classroom that convey the wider relevance of science 48 

to everyday life (Sheldrake et al., 2017). This may encourage students’ aspirations towards science 49 

and engineering careers (Regan and DeWitt, 2015). 50 

 51 

On the other hand, scientific and technological education is evolving rapidly with the 52 

advancement of the digital age, so it is inevitable for pupils and academics to transit to the 53 

development and use of new strategies that allow the overcoming of observed difficulties in the 54 

teaching-learning process (Souza et al., 2018). The generation of new strategies of STEM 55 

communication to children constitutes a critical step towards improving not only their learning 56 

experience, but also their teaching practice. 57 

 58 
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It has been acknowledged that promoting the relevance and utility of science to students enhances 59 

their interest in science and boosts their attainment (Rozek et al., 2015; DeWitt and Archer, 2015; 60 

Savelsbergh et al., 2016; Sheldrake, 2016). In this regard, a good strategy for promoting meaningful 61 

learning is the development and implementation of educational activities through the exposure of 62 

pupils to a real-world application of STEM (Smith et al., 2005). The argument behind this effort is 63 

that, in order to produce the next generation of problem-solvers, education should ensure that 64 

learners develop an appreciation of and a working familiarity with STEM disciplines and human-65 

environmental systems (Breneman et al., 2018). 66 

 67 

This study presents an innovative teaching experience to enhance positive effects on the attitude 68 

of students towards STEM disciplines (Savelsvbergh et al., 2016). The outreach model entitled OH-69 

Kids was designed to empower educators and pupils through the development of STEM learning 70 

experiences focused on water resources and based on a research project. 71 

 72 

The initiative is part of the real-time Hydrological Observatory of the National Autonomous 73 

University of Mexico’s Institute of Engineering (OH-IIUNAM), which comprises a research project 74 

aimed at the real-time monitoring of precipitation in Mexico City (Pedrozo-Acuña et al. in review). 75 

The system represents a smart-water solution comprised by the application of information and 76 

communications technologies within an urban environment. Notably, the framework highlights 77 

the integration of geoscientists from hydrology, meteorology, and geology, as well as 78 

technologists and various practical engineering specialists (hydraulics, electronics). 79 

 80 

The outreach model OH-Kids was born from the interaction of the team behind this research 81 

project with primary school educators. This communication resulted from the installation of 54 82 

stand-alone stations to measure precipitation in Mexico City, 15 of which were installed on the 83 

rooftops of primary schools and nine on the rooftops of secondary schools. In the primary schools, 84 

the equipment installation process prompted the interest of educators and pupils in the apparatus 85 

and the wider application of science and engineering in the project. This research project was 86 

therefore seen as an opportunity to develop an innovative approach focused on improving the 87 

attitudes of the students towards science and engineering. 88 

 89 

https://doi.org/10.5194/gc-2019-7
Preprint. Discussion started: 3 July 2019
c© Author(s) 2019. CC BY 4.0 License.



    4 

Applied in several primary schools and one science fair in Mexico City, the programme has a 90 

design strategy based on principles relevant to all researchers working with educators in settings 91 

that include families from different social backgrounds. The paper is organised as follows: Section 92 

2 presents a methodological description of the outreach model, Section 3 introduces the results of 93 

the implementation of this programme; finally, Section 4 summarises the main conclusions. 94 

 95 

2. OH-Kids: a STEM outreach model 96 

The OH-Kids outreach model comprises a collaborative and effective researcher-educator-learner 97 

communication strategy—built around principles of engagement and guided discovery 98 

learning—to encourage STEM subject uptake.  In this sense, the model was designed following an 99 

approach that involves the exposure of learners to a real-world-application STEM project using 100 

games and hands-on activities as educational and didactic tools (Parson and Miles, 1994; Poljak et 101 

al., 2018). Our proposal for the model design was based on different documented efforts that had 102 

an effect on classroom practice and child outcomes (Design-Based Research Collective 2003; 103 

Drago-Severson 2009; Zaslow et al., 2010).  104 

 105 

Following Rogers et al. (1988), the activities are designed on the basis that involvement of children 106 

is beneficial for their learning process, using their innate curiosity as a starting point (McIntyre, 107 

1984 and Piaget, 1971). Educational games and activities have been recognized as a valid strategy 108 

to enhance student engagement and develop key skills that may be applicable in other contexts, 109 

such as the ability to work as a team (Butucha, 2016; Garris et al., 2002). Students learn as a 110 

consequence of playing, which promotes meaningful learning (Croxton and Kortemeyer, 2018).  111 

 112 

The creation of a learning experience that promotes participation and science teaching in an active 113 

learning environment has positive effects on all children regardless of their literacy and social 114 

origin. Indeed, this approach has been found to create a rich learning environment that is 115 

accessible to all the students in the classroom (Fantuzzo et al., 2011; Sarama et al., 2012).  116 

Furthermore, studies have shown that there is a correlation between positive experiences in 117 

science as a child and a strong interest in and a positive perception of science as an adult (Falk et 118 

al., 2017). 119 

 120 
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The intention of the OH-Kids outreach model is to enhance thinking skills related to STEM 121 

disciplines with a focus on water resources in the classroom, in addition to highlighting the use of 122 

science and engineering for everyday life and the wellbeing of society. The OH-Kids model can 123 

serve as an example to other researchers and teachers interested in childhood STEM education. It 124 

can also support different learners in other settings, such as museums and science centres. 125 

 The model’s main objectives are: 126 

a) To enable pupils to meet a scientific team and find out what scientists do and how research 127 

is carried out 128 

b) To improve understanding of hydrology, specifically the water cycle, and the relationship 129 

between water and cities 130 

c) To enhance children's experience of science and technology 131 

d) To demonstrate links between topics covered in school curricula and research projects in 132 

the real world 133 

e) To know the extent to which this methodology results in changes in learners' enjoyment 134 

and perception of science and scientists. 135 

 136 

The model is akin to a workshop and includes two types of activities. The first one is related to 137 

traditional academic strategies: a short lecture that explains the real-world problem and associated 138 

concepts. The second one consists of interactive and ludic activities that are implemented within 139 

the classroom as didactic tools for teaching the STEM disciplines involved in water resources. All 140 

activities are organised in a circuit that enables the alternation of an academic activity with one of 141 

a more ludic nature, which can be considered as one of the innovations of this outreach model.  142 

 143 

In order to assess modifications in pupils’ perceptions of some basic concepts related to water 144 

resources, as well as their perceptions of science and scientists, resulting from the application of 145 

our model, we designed a diagnosis and final questionnaire. Similar instruments have been 146 

documented to establish attitudes within educational research (Muller et al., 2013; OECD, 2016). 147 

Tables 1 and 2 show the questions incorporated in these questionnaires. The first five questions 148 

were designed to examine how their perception of water concepts changed after their participation, 149 

while the last four served to evaluate how much their attitude towards science had changed. 150 

Table 1. Diagnostic evaluation questionnaire of learners’ perceptions to science, scientists and 151 

basic concepts related to water resources. 152 
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Name:                                                                                                         Grade:  
Mark with an 'X' the box that better represents your reply.  
  Not at all  A little  Somewhat  A lot   

1 Can you explain the water cycle?           

2 Do you know the meaning of water footprint?           

3 How important is to measure precipitation?           

4 How much do you know about the instrument to 
measure rainfall located in your school?          

5 Do you know where to consult rainfall data for 
Mexico City?           

6 Do you think that science is interesting?           

7 Would you like to become a scientist?           

8 Do you agree with this sentence? Science is 
difficult.          

9 Do you like to carry out experiments?          
 153 

Table 2. Final evaluation questionnaire to assess changes in learners’ perceptions to science, 154 

scientists, and basic water resources concepts. 155 

Name:                                                                                                         Grade:  
Mark with an 'X' the box that better represents your reply.  
  Not at all  A little  Somewhat  A lot   

1 Do you understand the water cycle better now?           

2 Can you help reduce the water footprint?           

3 How important is to measure precipitation?           

4 Can you explain how a disdrometer works?          

5 Do you know where to consult rainfall data?           

6 Do you think that science is interesting?           

7 Would you like to become a scientist?           

8 Do you agree with this sentence? Science is 
difficult.          

9 Do you like to carry out experiments?          
 156 

The diagnostic questionnaire is applied before the workshop, which allows establishing a baseline 157 

of students’ perceptions in relation to science and their level of understanding of basic water 158 

science concepts. After all activities, the final questionnaire was applied to obtain feedback from 159 

the students about the subjects seen. This evaluation instrument helps to infer the students’ 160 

perceptions towards water science, scientists, and technology before and after its application. 161 

 162 
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In summary, the OH-Kids workshop incorporates a series of activities implemented in a 163 

successive order (shown in Table 3) along with the time duration and number of students per each 164 

activity. The total time for this workshop is 120 minutes per classroom or group of 30 students, 165 

considering the application of the evaluation instrument. All activities are developed by the 166 

scientific project team; however, teachers are also encouraged to work with the team to encourage 167 

active pupil participation. 168 

 169 

Table 3. Sequence of OH-Kids workshop activities along with time duration and number of 170 

students. 171 

Order Activity Duration 
(minutes) 

Number 
of learners 

Number 
of groups 

1 Diagnostic questionnaire 15 30 1 
2 Short introductory talk 15 30 1 
3 Water bingo/memory 15 6 5 
3 Urban water physical model  15 6 5 

3 “Hydro-thon”, a water and technology board 
game 15 6 5 

3 Meet and play with a real optical disdrometer 15 6 5 
3 Water and technology quiz  15 6 5 
4 Evaluation questionnaire 15 30 1 
Summary per classroom Total  120 30  1 

 172 

The activities workshop starts with a short talk introducing real-time rainfall monitoring at urban 173 

scale and concepts related to water science and technology (i.e. water footprint, hydrological cycle, 174 

precipitation, cloud formation, etc.). This mini talk is aimed at highlighting the importance of 175 

water for the planet, the cities, and their own lives.  176 

 177 

In the sequence, the group of students is divided in five sub-groups of six students for the 178 

application of the activities circuit. This subdivision is carried out to enable the participation of all 179 

learners within each activity and to improve teacher–learner relationships, which contributes to a 180 

better learning process. In addition, it is acknowledged that low-, medium-, and high-ability 181 

students all benefit when being taught in small heterogeneous groups. The learning process of 182 

low-ability students may especially suffer risks in homogeneous, teacher-led groups (Wilkinson 183 

and Fung 2002). 184 

 185 
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The whole circuit comprises a range of interactive and ludic activities of short duration (15 186 

minutes), which are shown as shaded cells in Table 3. These activities are performed 187 

simultaneously by each student subgroup, which alternates between different activities every 15 188 

minutes. These activities incorporate the work of a facilitator per activity, who supports students 189 

who are not willing or able to participate without help. Once all the smaller groups have 190 

completed the five activities, the students are regrouped into one plenary session to conclude the 191 

workshop and apply the final evaluation questionnaire. Figure 1 illustrates a flow chart of the 192 

order of activities during the OH-Kids workshop.  193 

 194 

 195 
Figure 1. Schematic view of the order of activities performed during the OH-Kids workshop. 196 

 197 

Considering that each person learns in a different way, the idea of using a circuit of ludic and 198 

interactive activities in the workshop is to provide students with different sensory-motor stimuli 199 

to increase intellectual engagement (i.e. Windschitl et al., 2018). Informal learning settings, such 200 

as the one developed here, have been identified as opportunities to enhance students' knowledge 201 

and to optimize the connection between science and everyday life (Martin et al., 2016). The five 202 

activities of the circuit were created considering visual and tactile stimuli, as well as observation, 203 

attention, memory and concentration. In addition, they were put together to reinforce the concepts 204 
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introduced in the initial talk and to spark interest in STEM disciplines, using evidence and 205 

demonstrations from the research project as a basis (Renninger and Su, 2012). 206 

 207 

Perhaps the most important characteristic of the workshop is that it enables new ways of imparting 208 

knowledge related to a real research project to children, fostering the use of wonder as a 209 

pedagogical tool for emotional and aesthetic engagement with science (Gilbert and Byers, 2017). 210 

What follows is a brief description of each activity: 211 

 212 

2.1 Water bingo and memory games 213 

The development and widespread use of games began a revolution in thinking about their 214 

potential role for non-entertainment domains. Moreover, it has been acknowledged that many 215 

students may not respond strongly to instruction that they do not perceive as engaging. This is 216 

why the use of games has been regarded as a useful pedagogical approach to help engage students 217 

(Bodnar et al., 2016). Educational games may provide students with a motivating and stimulating 218 

environment while providing them with immediate feedback to promote learning (Zyda 2005). In 219 

particular, card and board games improve communicative skills and promote active learning 220 

through interaction with other players (Neame and Powis, 1981; Richardson and Brige 1985). The 221 

use memory gaming is recognized as an activity that stimulates basic cognitive functions, such as 222 

attention, concentration, and memory (Connolly et al. 2012).  223 

 224 

Considering this, the workshop incorporates one activity related to the use of classical memory 225 

games and bingo adapted to reinforce words and concepts related to research projects and STEM. 226 

Water bingo is a variation of the bingo game, which uses images on boards and cards instead of 227 

plain numbers on ping-pong balls. Figure 2-a shows the boards and cards used for the game. Every 228 

image has a name related to hydrology concepts, such as hydrologic cycle, hyetograph, watershed, 229 

type of precipitation (drizzle, rain, hail, and snow); meteorology concepts, such as thunderstorm, 230 

hurricane, floods, and climate change; and technological terms (solar panel, weather radar, 231 

raspberry pi). It also includes OH stations represented with emblematic pictures.  232 

 233 

The board contains sixteen random images and the deck of cards is composed of a set of 31 234 

different images (concepts), one for each card. Figure 3 shows an image of a group of students 235 

playing water bingo. To start the game, each player gets one board and the instructor randomly 236 
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selects a card from the deck, calling out the definition instead of reading the card name. For 237 

example, the instructor says: “it’s a small and affordable computer” and the players mark with a 238 

red token the raspberry pi image on their boards. The first player to complete the board and shout 239 

"bingo" wins the game. 240 

 241 

The water memory game contains 10 pairs of cards with different images related to the same 242 

concepts and terms of the bingo game. Figure 2-b shows an image of these cards. Throughout the 243 

game, players are encouraged to try to remember the concept associated with each card image. 244 

 245 

     246 
Figure 2. Water bingo boards and cards (a) and memory cards (b) designed for the workshop. 247 

 248 

 249 
Figure 3. Group of students playing water bingo during one of the workshops. 250 

 251 

a) b) 
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2.2 Urban water physical model  252 

Physical models located in laboratories have been an essential part of undergraduate and, in some 253 

cases, graduate programs in engineering (Feisel and Rosa, 2005). They have been recognised to 254 

serve an educational purpose, providing physical intuition (van Os et al. 2010), and are assumed 255 

to reflect the empirical nature of science (Millar, 1998). Given the importance of this pedagogic 256 

tool, we considered the use and construction of a simple urban water physical model in our 257 

workshop to illustrate how heavy rainfall saturates an urban drainage, producing floods. Our 258 

physical model consists of a small-scaled city within a glass case, a miniature urban drainage, and 259 

rainfall simulator (Figure 4).  260 

 261 

The drainage system is made up of four orifices that represent the sewers, which are connected 262 

with PVC drainage pipes. For the rainfall simulator, PVC pipes and two water pumps (low- and 263 

high-flow rate) are used. This system allows us to simulate three rainfall intensities through flow 264 

combinations: light, moderate, and heavy rainfall. With the physical model, we can simulate the 265 

development of urban floods, i.e., when a city’s sewage system and drainage pipes do not have 266 

the necessary capacity to drain away the amount of rain that is falling. Figure 5 illustrates a small 267 

group of students actively participating in the activity. 268 

 269 

 270 
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     271 
Figure 4. Details of the urban water physical model constructed for the OH-Kids workshop. 272 

 273 

 274 
Figure 5. Group of students participating in the urban physical model activity. 275 

  276 

The OH-Kids team encourages the pupils to discuss floods, for instance, how widespread they are, 277 

how they affect cities and people, and how their effects can be mitigated. They foster debate and 278 

argumentation to reflect aspects of scientific inquiry, such as reasoning and justification 279 

(Sheldrake et al., 2017). The response of students to this activity clearly shows an enhanced interest 280 

in and perceived utility of science, as observed in recent educational research (Savelsbergh et al., 281 

2016). 282 

 283 
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2.3 The Hydro-thon game 284 

This game was created by the OH-Kids team inspired on the Mexican board game “Maratón”, 285 

created by Sergio Schaar in the '70s with the aim reinforcing the school knowledge of players. This 286 

game is a carefully designed activity to introduce topics related to climate, hydrology, engineering, 287 

and technology to 6–12 year-old learners. In this sense, it may be used as a didactic tool for 288 

teaching STEM involved in water-related issues. 289 

 290 

This game is easy to play, because the rules are simple and can be quickly learned. Furthermore, 291 

it requires few physical resources:  a board, question cards, and a dice. Therefore, this game is 292 

useful in any educational environment regardless of social realities. This game is available for 293 

download as part of the supplementary material of this paper. 294 

 295 

Hydro-thon can be played by a minimum of two players and by up to eight players grouped in 296 

pairs. Figure 6 illustrates the game board (a game matt, rather), which comprises 40 cells of six 297 

different colours that represent each category of questions. These categories consist of the 298 

following topics: 1. Climate Science (blue), 2. Technology (red), 3. Water Education (green), 4. 299 

Urban Water (pink), 5. The Water Cycle (orange), and 6. Climate Change (yellow). The questions 300 

are organized according to level of knowledge (basic, intermediate, and advanced). 301 

 302 

The player (or pair of players) moves on the game matt, starting at the home cell (OH-Kids cell), 303 

as many cells as indicated by the dice throw. The resulting cell (identified by colour) determines 304 

what category of question that player needs to answer. Within a category, the question is selected 305 

according to the difficulty level of the participants. This allows the youngest pupils to answer basic 306 

questions. If the player answers the question correctly, he or she moves one cell forward. In 307 

contrast, if the answer is not correct, the player stays at the same cell. Figure 7 shows a group of 308 

children playing Hydro-thon during a workshop. In summary, the game reviews how well 309 

concepts were understood by the students in a relaxed atmosphere. 310 

 311 
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 312 
Figure 6. The Hydro-thon game matt. 313 

 314 
Figure 7.  A small group of students playing Hydro-thon during one of the workshops. 315 

 316 

2.4 Meet and play with a real optical disdrometer 317 

This is another key activity within the workshop, which allows students to experience with a real 318 

rainfall measurement instrument from the OH-IIUNAM research project. This activity enables 319 
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students to witness how precipitation is measured by the optical instrument through a fun 320 

challenge.  321 

 322 

Students “generate rainfall” by activating a water spray bottle within the measurement area of the 323 

instrument. The data acquisition system designed especially for this activity acquires rainfall 324 

variables, such as intensity, raindrop diameters, and fall velocity. The information is immediately 325 

displayed in a screen minute by minute. The data acquisition system used in the demonstration is 326 

similar to the one used in the real research project.  327 

 328 

Students feel enthusiastic about the challenge, trying to do their best in order to obtain a maximum 329 

amount of rainfall or calculate the raindrops simulated with a water spray bottle. After the 330 

challenge, the OH-Kids team explains the functioning of the disdrometer in order to complement 331 

their learning. Occasionally, students repeated the same mistake of spraying perpendicularly to 332 

the laser beam instead of orthogonally, because rain falls perpendicularly to the ground. All 333 

information is transmitted in a playful and fun way, so that students can understand and feel 334 

motivated to participate. Figure 8 shows a group of students carrying out this activity, with the 335 

screen monitor displaying the real-time rainfall variables measured.  336 

  337 

 338 

https://doi.org/10.5194/gc-2019-7
Preprint. Discussion started: 3 July 2019
c© Author(s) 2019. CC BY 4.0 License.



    16 

 339 
Figure 8. A group of students participating in the “Meet and play with a real optical 340 

disdrometer” activity. 341 

 342 

This activity has a double benefit: on the one hand, it allows the contextualisation of concepts 343 

provided during the introductory talk and, on the other, it sparks students’ curiosity for 344 

technology. It also teaches how a scientific question (e.g., how is rainfall measured? are all the 345 

drops the same size?) can be answered through the interaction of different technological 346 

disciplines, such as electronic, computing, and hydrologic engineering. It demonstrates as well the 347 

different levels of complexity of practical applications and real-life environmental problems, 348 

which are often overlooked by traditional lectures.  349 

 350 

In summary, this hands-on activity—based on an exploratory learning environment that allows 351 

students to challenge their knowledge and awaken their curiosity—creates a propitious setting for 352 

self-discovery and develops self-criticism about the unknown. This environment provides an 353 

internal reward to the student, achieving personal fulfilment, and can change initial perceptions 354 

of the topics in question. Therefore, this activity can be considered as an excellent tool for -teaching 355 

how rainfall is measured.  356 

 357 
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2.5 Water and technology quiz  358 

Among the technological activities designed for the reinforcement of key water science and 359 

hydrological concepts is the implementation of a quiz game. It has been recognised that students 360 

can learn academic content and have fun while playing educationally relevant games. Moreover, 361 

games can promote teamwork and cooperation (Steinberg, 2011) and help build their academic 362 

confidence (Education World, 2015).  363 

 364 

According to Bacon (1987), games can be classified in various model stages; for example, a single-365 

stage model comprises the simplest experimental learning process, whereas in a two-stage model 366 

game the experience is followed by reflection. The quiz developed for our workshop may be 367 

categorised as a two-stage model. This game is displayed in an interactive monitor, and consist of 368 

ten questions about water and technology. Players need to answer the quiz sequentially and a 369 

point is given for each correct answer. Considering the learning process, this game replicates an 370 

exam-like situation, but in an interactive setting. Figure 9 shows a group of students playing the 371 

quiz game during one of our workshops.  372 

 373 

Among the main benefits associated with the implementation of games for educational purposes, 374 

is the immediate feedback and letting the students know that they are making progress (Bodnar 375 

et al., 2015), as attested by the water and technology quiz.  In addition, the engagement of students 376 

has been recognised as especially important in science and engineering education, making it 377 

possible when applying a technological activity, where many times traditional lectures fail (Drew, 378 

2011). 379 

 380 
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 381 
Figure 9. A group of students playing the water and technology quiz during one of the workshops. 382 

 383 

3. Results and Discussion  384 

The methodology of the OH-Kids model was evaluated by comparing diagnostic and final 385 

questionnaires applied during the workshop. This enables us to verify if this workshop produces 386 

changes in learners' enjoyment and perception of science, scientists, and basic water-resources 387 

concepts. This workshop was applied in six different schools located in Mexico City that represent 388 

a sample of N = 344 primary school students (aged 6-12 years), so the results integrate answers 389 

from the whole sample.  390 

 391 

Figure 10 presents the compiled statistics of before-and-after answers to the questions related to 392 

water concepts by the whole sample of 344 students (questions 1-5 in Tables 1 and 2).  This figure 393 

demonstrates the efficiency of the workshop on key water concepts that were not clear to the 394 

students at the beginning of the workshop. For instance, before the workshop, results show that 395 

only 30% of all the students answered “a lot” to the question of how much they know about the 396 

water cycle. The reply to this question after the workshop rose to 75.6% of students being able to 397 

answer “a lot”.  The same occurred with the question related to the water footprint, which is a 398 

more elaborate concept than that of the water cycle. In this case, 65.7% of the students admitted 399 

not knowing anything at all on this matter; however, after the workshop, this value reduced to 400 
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only 5.8% of the students. In the case of measuring rainfall, before the workshop only 53.5% 401 

recognised its importance, while this number rose to 88.95% after the workshop. 402 

 403 

 404 
Figure 10. Compilation of answers to questions related to water concepts before (a) and after (b) 405 

the workshop.  406 

 407 

One of the objectives of the workshop was to change the student’s perception of what a scientist 408 

is and does, therefore we designed a series of questions in order to assess whether this workshop 409 

could contribute to increase the numbers of students who would be keen on becoming a scientist.  410 

In this sense, Figure 11 shows the compiled percentages of answers related to this topic (questions 411 

6-9 in Tables 1 and 2) considering the whole sample, where it is evident that there is less variation 412 

in the students’ responses. Results indicate that prior to the workshop, 76.45% of all students 413 

thought science was interesting, with this number increasing to 82.45% after the workshop. Indeed, 414 

before the workshop, 33.13% of students answered “a lot” to the question asking whether they 415 

would like to become a scientist, and the percentage of students giving the same answer to this 416 

question after the activities increased to 47.68%.  417 
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 418 
Figure 11. Compilation of answers to questions related to perceptions of science and scientists 419 

before (a) and after (b) the workshop.  420 

 421 

From the comparative results of each question, along with the perception of the OH-kids team, it 422 

is possible to infer that the activities ‘Urban water physical model’ and ‘Meet and play with a real 423 

optical disdrometer’ presented a significant contribution to the apparent change in students 424 

perceptions of the subjects. As expected, the changes in the answers to questions 1, 2 and 5, may 425 

be associated with the efficiency of the short introductory talk, such as the quiz and the remaining 426 

ludic activities (bingo, memory, and Hydro-thon), which provided reinforcement of the concepts).  427 

 428 

Although changes in percentages before and after the workshop are slight in general, numbers 429 

demonstrate that the workshop did in fact have a positive influence on students’ ideas and subjects. 430 

In general, all students were clearly engaged by the interactive and ludic activities and hands-on 431 

experiments, which enhanced their curiosity and sparked their interest in water science and 432 

technology. 433 

 434 

The confirmation provided by these numbers was further established through personal interviews 435 

with educators from all the schools that were visited. In all cases, it was recognised that the 436 

workshop was novel at introducing scientific concepts and activities into the classroom. The 437 

contextualisation of science through the explanation of a real research project with the 438 

implementation of different strategies that included hands-on activities and games provided a fuel 439 

for enthusiasm and energy in most students. In addition, it helped to pass the message to students 440 

with different skills and attitudes towards science. 441 
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 442 

This initiative is observed as a promising first step towards establishing a research–practice 443 

partnership between a research institution and different primary schools in the city, which, by the 444 

way, have agreed to host an in-situ rainfall monitoring station within their facilities. Thus, we 445 

were able to cross the boundaries between schools, universities, and researchers, imparting 446 

knowledge in a ludic way in order to share information and expertise. Our approach was oriented 447 

towards leveraging everyday issues (e.g. lack of water, rainfall measurements) and the skills of a 448 

diverse group of students to show them that their innate curiosity is the much-needed fuel for 449 

research.  450 

 451 

It should be noted that it is not the intention of the workshop to replace the classroom instruction, 452 

but to provide another learning strategy. In a similar way, games have been reported not to 453 

displace classroom instruction, books, and tests (Shapiro, 2014). However, our workshop is a 454 

viable venue for educators to provide the differentiated learning experiences that students require 455 

to find their inner motivation and fulfil their potential. The workshop will be carried out in the 456 

following years to continue the engagement of more students in a robust, relevant, and sustainable 457 

way that can be upscaled. 458 

  459 

4. Conclusions and final remarks 460 

Childhood education aiming at incorporating topics related to STEM have gained recognition as 461 

key levers in the progress of education for all students. STEM activities are an effective platform 462 

for providing rich learning experiences that are accessible to students from all backgrounds.  463 

 464 

This study used activities related to a real research project to provide a motivational design of 465 

math and science classes. The objective was to enhance the attractiveness and accessibility of STEM 466 

topics related to water science in an informal setting, followed by comprehensible teaching and a 467 

connection to students’ everyday experiences. 468 

 469 

This study presented an outreach model entitled OH-Kids, which was designed to empower 470 

educators and pupils through the development of high-quality STEM learning experiences. The 471 

model presents an opportunity for primary school learners to meet ‘actual’ scientists and, at the 472 
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same time, receive the take-home message that anyone can get involved in problem-solving 473 

activities related to science, regardless of their ability. 474 

 475 

The results from the OH-Kids workshop in a sample of 344 students (6-12 year-olds) show that 476 

the activities and applied techniques of the workshop provided apparent changes in the initial 477 

perceptions of some students about concepts and ideas about science and scientists. This was 478 

shown by the comparison of answers between the diagnostic and final evaluation questionnaires. 479 

 480 

Furthermore, the results suggest that including different ways of communicating knowledge 481 

related to STEM disciplines broadens students’ interest and motivation.  482 

Our strategy can be considered as an adequate tool for blending communicational boundaries of 483 

technical and scientific knowledge between universities and community schools. Often, these 484 

boundaries are fixed and do not allow communication between knowledge and application or 485 

problems and solutions. 486 

 487 

It is acknowledged that even a slight change in the students’ perception of STEM disciplines can 488 

have very positive implications for their future interest in the subject.  489 

Therefore, it is necessary to extend this type of methodologies to take educational research 490 

activities,—such as our workshop—to a wider audience. For instance, a worthwhile direction for 491 

future work would be to explore the implementation of this workshop among marginalised 492 

communities. 493 

 494 
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