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Abstract

Childhood education programmes aiming at incorporating topics related to science, technology,
engineering, and mathematics (STEM) have gained recognition as key levers in the progress of
education for all students. Inspiring young people to take part in the discovery and delivery of
science is of paramount importance not only for their well-being but also for their future human
development. To address this need, an outreach model entitled OH-Kids was designed to
empower educators and pupils through the development of high-quality STEM learning
experiences based on a research project. The model is an opportunity for primary school learners
to meet geoscientists while receiving the take-home message that anyone can get involved in
scientific activities. The effort is part of a research project aimed at the real-time monitoring of
precipitation in Mexico City, which is a smart solution to rainfall monitoring using information
and communications technologies. The argument behind this effort is that in order to produce the
next generation of problem-solvers, education should ensure that learners develop an
appreciation and working familiarity with a real-world project. Results show success at

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

29 Inspiring young people to take part in the discovery and delivery of science, technology,
30 engineering, and mathematics (STEM) has been proved to contribute significantly not only to
31  their well-being, but also to their future human development (Bertram and Pascal, 2016; Morgan
32 etal, 2016; Friedman-Krauss et al., 2018). However, the current system uses teaching and learning
33  methods that tend to develop geoscientists, engineers, and technologists only by mere chance. It
34 seems that, in far too many cases, teachers and/or syllabi unintentionally deter potential STEM
35 learners—especially girls—due to the way they choose to teach science, mathematics, design, and
36  technology.

37

38  Moreover, in several countries, such as the United Kingdom, STEM topics do not appear on the
39 timetables of pupils of primary or lower secondary age (Bianchi and Chippindall, 2018). This is
40  also the case in Mexico, where promoting and improving student engagement on these topics
41  constitutes a great challenge for teachers. This is ascribed to the lack of professional guidance for
42 early childhood educators, who rarely receive in-depth professional training for teaching STEM
43  (Breneman et al., 2009).

44

45  Primary and secondary education have been found to be significant periods for developing
46  students’ interest in science and technology (Maltese et al. 2014). At these stages, pupils’ interest
47  in science is closely related to the level of appreciation of its applicability in their lives. Therefore,
48  itisimportant to incorporate activities in the classroom that convey the wider relevance of science
49  toeveryday life (Sheldrake et al., 2017). This may encourage students’ aspirations towards science
50 and engineering careers (Regan and DeWitt, 2015).

51

52  On the other hand, scientific and technological education is evolving rapidly with the
53  advancement of the digital age, so it is inevitable for pupils and academics to transit to the
54  development and use of new strategies that allow the overcoming of observed difficulties in the
55  teaching-learning process (Souza et al., 2018). The generation of new strategies of STEM
56  communication to children constitutes a critical step towards improving not only their learning

57  experience, but also their teaching practice.

58
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59  Ithas been acknowledged that promoting the relevance and utility of science to students enhances
60  their interest in science and boosts their attainment (Rozek et al., 2015; DeWitt and Archer, 2015;
61 Savelsbergh et al., 2016; Sheldrake, 2016). In this regard, a good strategy for promoting meaningful
62 learning is the development and implementation of educational activities through the exposure of
63  pupils to a real-world application of STEM (Smith et al., 2005). The argument behind this effort is
64  that, in order to produce the next generation of problem-solvers, education should ensure that
65 learners develop an appreciation of and a working familiarity with STEM disciplines and human-
66  environmental systems (Breneman et al., 2018).

67

68  This study presents an innovative teaching experience to enhance positive effects on the attitude
69  of students towards STEM disciplines (Savelsvbergh et al., 2016). The outreach model entitled OH-
70  Kids was designed to empower educators and pupils through the development of STEM learning
71  experiences focused on water resources and based on a research project.

72

73 The initiative is part of the real-time Hydrological Observatory of the National Autonomous
74 University of Mexico’s Institute of Engineering (OH-IIUNAM), which comprises a research project
75  aimed at the real-time monitoring of precipitation in Mexico City (Pedrozo-Acufia et al. in review).
76 The system represents a smart-water solution comprised by the application of information and
77  communications technologies within an urban environment. Notably, the framework highlights
78 the integration of geoscientists from hydrology, meteorology, and geology, as well as
79  technologists and various practical engineering specialists (hydraulics, electronics).

80

81 The outreach model OH-Kids was born from the interaction of the team behind this research
82  project with primary school educators. This communication resulted from the installation of 54
83  stand-alone stations to measure precipitation in Mexico City, 15 of which were installed on the
84  rooftops of primary schools and nine on the rooftops of secondary schools. In the primary schools,
85  the equipment installation process prompted the interest of educators and pupils in the apparatus
86 and the wider application of science and engineering in the project. This research project was
87  therefore seen as an opportunity to develop an innovative approach focused on improving the
88  attitudes of the students towards science and engineering.

89
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90 Applied in several primary schools and one science fair in Mexico City, the programme has a
91  design strategy based on principles relevant to all researchers working with educators in settings
92  thatinclude families from different social backgrounds. The paper is organised as follows: Section
93 2 presents a methodological description of the outreach model, Section 3 introduces the results of
94  the implementation of this programme; finally, Section 4 summarises the main conclusions.

95

96 2. OH-Kids: a STEM outreach model

97  The OH-Kids outreach model comprises a collaborative and effective researcher-educator-learner
98 communication strategy —built around principles of engagement and guided discovery
99  learning—to encourage STEM subject uptake. In this sense, the model was designed following an
00 approach that involves the exposure of learners to a real-world-application STEM project using
01  games and hands-on activities as educational and didactic tools (Parson and Miles, 1994; Poljak et
02 al., 2018). Our proposal for the model design was based on different documented efforts that had
03 an effect on classroom practice and child outcomes (Design-Based Research Collective 2003;
04 Drago-Severson 2009; Zaslow et al., 2010).

05

06 Following Rogers et al. (1988), the activities are designed on the basis that involvement of children
07  is beneficial for their learning process, using their innate curiosity as a starting point (McIntyre,
08 1984 and Piaget, 1971). Educational games and activities have been recognized as a valid strategy
09  to enhance student engagement and develop key skills that may be applicable in other contexts,
10  such as the ability to work as a team (Butucha, 2016; Garris et al., 2002). Students learn as a
11  consequence of playing, which promotes meaningful learning (Croxton and Kortemeyer, 2018).
12

13 The creation of a learning experience that promotes participation and science teaching in an active
14  learning environment has positive effects on all children regardless of their literacy and social
15 origin. Indeed, this approach has been found to create a rich learning environment that is
16  accessible to all the students in the classroom (Fantuzzo et al, 2011; Sarama et al., 2012).
17  Furthermore, studies have shown that there is a correlation between positive experiences in
18  science as a child and a strong interest in and a positive perception of science as an adult (Falk et
19  al, 2017).

20
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21  The intention of the OH-Kids outreach model is to enhance thinking skills related to STEM
22 disciplines with a focus on water resources in the classroom, in addition to highlighting the use of
23 science and engineering for everyday life and the wellbeing of society. The OH-Kids model can
24  serve as an example to other researchers and teachers interested in childhood STEM education. It
25  can also support different learners in other settings, such as museums and science centres.

26 The model’s main objectives are:

27 a) To enable pupils to meet a scientific team and find out what scientists do and how research
28 is carried out

29 b) To improve understanding of hydrology, specifically the water cycle, and the relationship
30 between water and cities

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

32 d) To demonstrate links between topics covered in school curricula and research projects in
33 the real world

34 e) To know the extent to which this methodology results in changes in learners' enjoyment
35 and perception of science and scientists.

36

37  The model is akin to a workshop and includes two types of activities. The first one is related to
38  traditional academic strategies: a short lecture that explains the real-world problem and associated
39  concepts. The second one consists of interactive and ludic activities that are implemented within
40  the classroom as didactic tools for teaching the STEM disciplines involved in water resources. All
41  activities are organised in a circuit that enables the alternation of an academic activity with one of
42  a more ludic nature, which can be considered as one of the innovations of this outreach model.
43

44 In order to assess modifications in pupils” perceptions of some basic concepts related to water
45  resources, as well as their perceptions of science and scientists, resulting from the application of
46  our model, we designed a diagnosis and final questionnaire. Similar instruments have been
47  documented to establish attitudes within educational research (Muller et al., 2013; OECD, 2016).
48  Tables 1 and 2 show the questions incorporated in these questionnaires. The first five questions
49  were designed to examine how their perception of water concepts changed after their participation,
50  while the last four served to evaluate how much their attitude towards science had changed.

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

52 basic concepts related to water resources.
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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?

Table 2. Final evaluation questionnaire to assess changes in learners’ perceptions to science,
scientists, and basic water resources concepts.

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?

The diagnostic questionnaire is applied before the workshop, which allows establishing a baseline
of students’ perceptions in relation to science and their level of understanding of basic water
science concepts. After all activities, the final questionnaire was applied to obtain feedback from
the students about the subjects seen. This evaluation instrument helps to infer the students’

perceptions towards water science, scientists, and technology before and after its application.
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63 In summary, the OH-Kids workshop incorporates a series of activities implemented in a
64  successive order (shown in Table 3) along with the time duration and number of students per each
65  activity. The total time for this workshop is 120 minutes per classroom or group of 30 students,
66 considering the application of the evaluation instrument. All activities are developed by the
67  scientific project team; however, teachers are also encouraged to work with the team to encourage
68 active pupil participation.

69

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

71  students.

Order | Activity Du‘ration Number Number
(minutes) | of learners | 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 15 6 5
game
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

72

73 The activities workshop starts with a short talk introducing real-time rainfall monitoring at urban
74  scale and concepts related to water science and technology (i.e. water footprint, hydrological cycle,
75  precipitation, cloud formation, etc.). This mini talk is aimed at highlighting the importance of
76  water for the planet, the cities, and their own lives.

77

78 In the sequence, the group of students is divided in five sub-groups of six students for the
79  application of the activities circuit. This subdivision is carried out to enable the participation of all
80  learners within each activity and to improve teacher-learner relationships, which contributes to a
81  Dbetter learning process. In addition, it is acknowledged that low-, medium-, and high-ability
82  students all benefit when being taught in small heterogeneous groups. The learning process of
83 low-ability students may especially suffer risks in homogeneous, teacher-led groups (Wilkinson
84  and Fung 2002).

85
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86  The whole circuit comprises a range of interactive and ludic activities of short duration (15
87  minutes), which are shown as shaded cells in Table 3. These activities are performed
88  simultaneously by each student subgroup, which alternates between different activities every 15
89  minutes. These activities incorporate the work of a facilitator per activity, who supports students
90 who are not willing or able to participate without help. Once all the smaller groups have
91 completed the five activities, the students are regrouped into one plenary session to conclude the
92  workshop and apply the final evaluation questionnaire. Figure 1 illustrates a flow chart of the
93  order of activities during the OH-Kids workshop.

94
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96  Figure 1. Schematic view of the order of activities performed during the OH-Kids workshop.

97

2. Short
introductorytalk

98  Considering that each person learns in a different way, the idea of using a circuit of ludic and
99  interactive activities in the workshop is to provide students with different sensory-motor stimuli
00  to increase intellectual engagement (i.e. Windschitl et al., 2018). Informal learning settings, such
01  as the one developed here, have been identified as opportunities to enhance students' knowledge
02 and to optimize the connection between science and everyday life (Martin et al., 2016). The five
03 activities of the circuit were created considering visual and tactile stimuli, as well as observation,

04  attention, memory and concentration. In addition, they were put together to reinforce the concepts
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05 introduced in the initial talk and to spark interest in STEM disciplines, using evidence and
06  demonstrations from the research project as a basis (Renninger and Su, 2012).

07

08  Perhaps the most important characteristic of the workshop is that it enables new ways of imparting
09 knowledge related to a real research project to children, fostering the use of wonder as a
10  pedagogical tool for emotional and aesthetic engagement with science (Gilbert and Byers, 2017).
11  What follows is a brief description of each activity:

12

13 2.1 Water bingo and memory games

14  The development and widespread use of games began a revolution in thinking about their
15  potential role for non-entertainment domains. Moreover, it has been acknowledged that many
16  students may not respond strongly to instruction that they do not perceive as engaging. This is
17 why the use of games has been regarded as a useful pedagogical approach to help engage students
18  (Bodnar et al., 2016). Educational games may provide students with a motivating and stimulating
19  environment while providing them with immediate feedback to promote learning (Zyda 2005). In
20  particular, card and board games improve communicative skills and promote active learning
21  through interaction with other players (Neame and Powis, 1981; Richardson and Brige 1985). The
22 use memory gaming is recognized as an activity that stimulates basic cognitive functions, such as
23 attention, concentration, and memory (Connolly et al. 2012).

24

25  Considering this, the workshop incorporates one activity related to the use of classical memory
26  games and bingo adapted to reinforce words and concepts related to research projects and STEM.
27 Water bingo is a variation of the bingo game, which uses images on boards and cards instead of
28  plain numbers on ping-pong balls. Figure 2-a shows the boards and cards used for the game. Every
29  image has a name related to hydrology concepts, such as hydrologic cycle, hyetograph, watershed,
30  type of precipitation (drizzle, rain, hail, and snow); meteorology concepts, such as thunderstorm,
31  hurricane, floods, and climate change; and technological terms (solar panel, weather radar,
32 raspberry pi). It also includes OH stations represented with emblematic pictures.

33

34 The board contains sixteen random images and the deck of cards is composed of a set of 31
35  different images (concepts), one for each card. Figure 3 shows an image of a group of students

36  playing water bingo. To start the game, each player gets one board and the instructor randomly
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37  selects a card from the deck, calling out the definition instead of reading the card name. For
38  example, the instructor says: “it’s a small and affordable computer” and the players mark with a
39 red token the raspberry pi image on their boards. The first player to complete the board and shout
40  "bingo" wins the game.

41

42 The water memory game contains 10 pairs of cards with different images related to the same
43 concepts and terms of the bingo game. Figure 2-b shows an image of these cards. Throughout the
44  game, players are encouraged to try to remember the concept associated with each card image.

45

48

49 :
50  Figure 3. Group of students playing water bingo during one of the workshops.

51
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52 2.2 Urban water physical model

53  Physical models located in laboratories have been an essential part of undergraduate and, in some
54 cases, graduate programs in engineering (Feisel and Rosa, 2005). They have been recognised to
55 serve an educational purpose, providing physical intuition (van Os et al. 2010), and are assumed
56 to reflect the empirical nature of science (Millar, 1998). Given the importance of this pedagogic
57 tool, we considered the use and construction of a simple urban water physical model in our
58  workshop to illustrate how heavy rainfall saturates an urban drainage, producing floods. Our
59 physical model consists of a small-scaled city within a glass case, a miniature urban drainage, and
60  rainfall simulator (Figure 4).

61

62 The drainage system is made up of four orifices that represent the sewers, which are connected
63 with PVC drainage pipes. For the rainfall simulator, PVC pipes and two water pumps (low- and
64  high-flow rate) are used. This system allows us to simulate three rainfall intensities through flow
65  combinations: light, moderate, and heavy rainfall. With the physical model, we can simulate the
66  development of urban floods, i.e., when a city’s sewage system and drainage pipes do not have
'67  the necessary capacity to drain away the amount of rain that is falling. Figure 5 illustrates a small
68  group of students actively participating in the activity.

169
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75 Figure 5. Group of students participating in the urban physical model activity.

77  The OH-Kids team encourages the pupils to discuss floods, for instance, how widespread they are,
78  how they affect cities and people, and how their effects can be mitigated. They foster debate and
79  argumentation to reflect aspects of scientific inquiry, such as reasoning and justification
80  (Sheldrake et al., 2017). The response of students to this activity clearly shows an enhanced interest
81  in and perceived utility of science, as observed in recent educational research (Savelsbergh et al.,
82 2016).
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84 2.3 The Hydro-thon game

85 This game was created by the OH-Kids team inspired on the Mexican board game “Maratén”,
86  created by Sergio Schaar in the '70s with the aim reinforcing the school knowledge of players. This
87  gameisa carefully designed activity to introduce topics related to climate, hydrology, engineering,
88  and technology to 6-12 year-old learners. In this sense, it may be used as a didactic tool for
89  teaching STEM involved in water-related issues.

190

91  This game is easy to play, because the rules are simple and can be quickly learned. Furthermore,
92 it requires few physical resources: a board, question cards, and a dice. Therefore, this game is
93  useful in any educational environment regardless of social realities. This game is available for
94  download as part of the supplementary material of this paper.

95

96  Hydro-thon can be played by a minimum of two players and by up to eight players grouped in
97  pairs. Figure 6 illustrates the game board (a game matt, rather), which comprises 40 cells of six
98  different colours that represent each category of questions. These categories consist of the
99  following topics: 1. Climate Science (blue), 2. Technology (red), 3. Water Education (green), 4.
00  Urban Water (pink), 5. The Water Cycle (orange), and 6. Climate Change (yellow). The questions
01  are organized according to level of knowledge (basic, intermediate, and advanced).

02

03 The player (or pair of players) moves on the game matt, starting at the home cell (OH-Kids cell),
04  as many cells as indicated by the dice throw. The resulting cell (identified by colour) determines
05  what category of question that player needs to answer. Within a category, the question is selected
06  according to the difficulty level of the participants. This allows the youngest pupils to answer basic
07  questions. If the player answers the question correctly, he or she moves one cell forward. In
08  contrast, if the answer is not correct, the player stays at the same cell. Figure 7 shows a group of
09  children playing Hydro-thon during a workshop. In summary, the game reviews how well
10  concepts were understood by the students in a relaxed atmosphere.

11
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14 . A
15 Figure 7. A small group of students playing Hydro-thon during one of the workshops.
16

17 2.4 Meet and play with a real optical disdrometer
18  This is another key activity within the workshop, which allows students to experience with a real

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

22

23 Students “generate rainfall” by activating a water spray bottle within the measurement area of the
24  instrument. The data acquisition system designed especially for this activity acquires rainfall
25 variables, such as intensity, raindrop diameters, and fall velocity. The information is immediately
26  displayed in a screen minute by minute. The data acquisition system used in the demonstration is
27 similar to the one used in the real research project.

28

29 Students feel enthusiastic about the challenge, trying to do their best in order to obtain a maximum
30  amount of rainfall or calculate the raindrops simulated with a water spray bottle. After the
31  challenge, the OH-Kids team explains the functioning of the disdrometer in order to complement
32 their learning. Occasionally, students repeated the same mistake of spraying perpendicularly to
33 the laser beam instead of orthogonally, because rain falls perpendicularly to the ground. All
34  information is transmitted in a playful and fun way, so that students can understand and feel
35  motivated to participate. Figure 8 shows a group of students carrying out this activity, with the
36  screen monitor displaying the real-time rainfall variables measured.

37

38
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Figure 8. A group of students participating in the “Meet and play with a real optical

disdrometer” activity.

This activity has a double benefit: on the one hand, it allows the contextualisation of concepts
provided during the introductory talk and, on the other, it sparks students’ curiosity for
technology. It also teaches how a scientific question (e.g., how is rainfall measured? are all the
drops the same size?) can be answered through the interaction of different technological
disciplines, such as electronic, computing, and hydrologic engineering. It demonstrates as well the
different levels of complexity of practical applications and real-life environmental problems,

which are often overlooked by traditional lectures.

In summary, this hands-on activity —based on an exploratory learning environment that allows
students to challenge their knowledge and awaken their curiosity —creates a propitious setting for
self-discovery and develops self-criticism about the unknown. This environment provides an
internal reward to the student, achieving personal fulfilment, and can change initial perceptions
of the topics in question. Therefore, this activity can be considered as an excellent tool for -teaching

how rainfall is measured.
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58 2.5 Water and technology quiz

59 Among the technological activities designed for the reinforcement of key water science and
60  hydrological concepts is the implementation of a quiz game. It has been recognised that students
61  can learn academic content and have fun while playing educationally relevant games. Moreover,
62  games can promote teamwork and cooperation (Steinberg, 2011) and help build their academic

63 confidence (Education World, 2015).

65  According to Bacon (1987), games can be classified in various model stages; for example, a single-
66  stage model comprises the simplest experimental learning process, whereas in a two-stage model
67  game the experience is followed by reflection. The quiz developed for our workshop may be
68  categorised as a two-stage model. This game is displayed in an interactive monitor, and consist of
69 ten questions about water and technology. Players need to answer the quiz sequentially and a
70  point is given for each correct answer. Considering the learning process, this game replicates an
71  exam-like situation, but in an interactive setting. Figure 9 shows a group of students playing the

72 quiz game during one of our workshops.

74 Among the main benefits associated with the implementation of games for educational purposes,
75 is the immediate feedback and letting the students know that they are making progress (Bodnar
76 etal., 2015), as attested by the water and technology quiz. In addition, the engagement of students
77  has been recognised as especially important in science and engineering education, making it
778  possible when applying a technological activity, where many times traditional lectures fail (Drew,

79 2011).
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Figure 9. A group of students playing the water and technology quiz during one of the workshops.

3. Results and Discussion
The methodology of the OH-Kids model was evaluated by comparing diagnostic and final
questionnaires applied during the workshop. This enables us to verify if this workshop produces
changes in learners' enjoyment and perception of science, scientists, and basic water-resources
concepts. This workshop was applied in six different schools located in Mexico City that represent
a sample of N =344 primary school students (aged 6-12 years), so the results integrate answers

from the whole sample.

Figure 10 presents the compiled statistics of before-and-after answers to the questions related to
water concepts by the whole sample of 344 students (questions 1-5 in Tables 1 and 2). This figure
demonstrates the efficiency of the workshop on key water concepts that were not clear to the
students at the beginning of the workshop. For instance, before the workshop, results show that
only 30% of all the students answered “a lot” to the question of how much they know about the
water cycle. The reply to this question after the workshop rose to 75.6% of students being able to
answer “a lot”. The same occurred with the question related to the water footprint, which is a
more elaborate concept than that of the water cycle. In this case, 65.7% of the students admitted

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

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

03
Not atall mAlittle =Somewhat m=Alot
a)diagnostic evaluation b)final evaluation
How much do you know about ... ? How much more did you learn about ... ?
100%
90%
80%
70%
60%
50%
40%
30%
20%
10%
_—
o water cycle water footprint  the importance rainfall rainfall data water cycle water footprint  the importance rainfall rainfall data
04 moassomorts anying, mesuroments  (Gadromeiey) - networ)

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

06  the workshop.
07

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

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

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

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

12 6-9in Tables 1 and 2) considering the whole sample, where it is evident that there is less variation

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

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

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

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

17 question after the activities increased to 47.68%.
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18

19  Figure 11. Compilation of answers to questions related to perceptions of science and scientists
20  Dbefore (a) and after (b) the workshop.

21

22 From the comparative results of each question, along with the perception of the OH-kids team, it
23 is possible to infer that the activities “Urban water physical model” and ‘Meet and play with a real
24  optical disdrometer’ presented a significant contribution to the apparent change in students
25  perceptions of the subjects. As expected, the changes in the answers to questions 1, 2 and 5, may
26 be associated with the efficiency of the short introductory talk, such as the quiz and the remaining
27 ludic activities (bingo, memory, and Hydro-thon), which provided reinforcement of the concepts).
28

29 Although changes in percentages before and after the workshop are slight in general, numbers
30  demonstrate that the workshop did in fact have a positive influence on students” ideas and subjects.
31  In general, all students were clearly engaged by the interactive and ludic activities and hands-on
32 experiments, which enhanced their curiosity and sparked their interest in water science and
33 technology.

34

35  The confirmation provided by these numbers was further established through personal interviews
36  with educators from all the schools that were visited. In all cases, it was recognised that the
37  workshop was novel at introducing scientific concepts and activities into the classroom. The
38  contextualisation of science through the explanation of a real research project with the
39  implementation of different strategies that included hands-on activities and games provided a fuel
40  for enthusiasm and energy in most students. In addition, it helped to pass the message to students

41  with different skills and attitudes towards science.
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42

43  This initiative is observed as a promising first step towards establishing a research-practice
44  partnership between a research institution and different primary schools in the city, which, by the
45  way, have agreed to host an in-situ rainfall monitoring station within their facilities. Thus, we
46  were able to cross the boundaries between schools, universities, and researchers, imparting
47  knowledge in a ludic way in order to share information and expertise. Our approach was oriented
48  towards leveraging everyday issues (e.g. lack of water, rainfall measurements) and the skills of a
49  diverse group of students to show them that their innate curiosity is the much-needed fuel for
50  research.

51

52 It should be noted that it is not the intention of the workshop to replace the classroom instruction,
53  but to provide another learning strategy. In a similar way, games have been reported not to
54  displace classroom instruction, books, and tests (Shapiro, 2014). However, our workshop is a
55  viable venue for educators to provide the differentiated learning experiences that students require
56  to find their inner motivation and fulfil their potential. The workshop will be carried out in the
57  following years to continue the engagement of more students in a robust, relevant, and sustainable
58  way that can be upscaled.

59

60 4. Conclusions and final remarks

61  Childhood education aiming at incorporating topics related to STEM have gained recognition as
62 key levers in the progress of education for all students. STEM activities are an effective platform
63  for providing rich learning experiences that are accessible to students from all backgrounds.

64

65  This study used activities related to a real research project to provide a motivational design of
66  math and science classes. The objective was to enhance the attractiveness and accessibility of STEM
67  topics related to water science in an informal setting, followed by comprehensible teaching and a
68  connection to students’ everyday experiences.

69

70  This study presented an outreach model entitled OH-Kids, which was designed to empower
71 educators and pupils through the development of high-quality STEM learning experiences. The

72 model presents an opportunity for primary school learners to meet ‘actual” scientists and, at the
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73 same time, receive the take-home message that anyone can get involved in problem-solving
74 activities related to science, regardless of their ability.

75

76  The results from the OH-Kids workshop in a sample of 344 students (6-12 year-olds) show that
77  the activities and applied techniques of the workshop provided apparent changes in the initial
78  perceptions of some students about concepts and ideas about science and scientists. This was
79 shown by the comparison of answers between the diagnostic and final evaluation questionnaires.
80

81  Furthermore, the results suggest that including different ways of communicating knowledge
82 related to STEM disciplines broadens students” interest and motivation.

83  Our strategy can be considered as an adequate tool for blending communicational boundaries of
84  technical and scientific knowledge between universities and community schools. Often, these
85  boundaries are fixed and do not allow communication between knowledge and application or
86  problems and solutions.

87

88 It is acknowledged that even a slight change in the students” perception of STEM disciplines can
89  have very positive implications for their future interest in the subject.

90  Therefore, it is necessary to extend this type of methodologies to take educational research
91  activities, —such as our workshop —to a wider audience. For instance, a worthwhile direction for
92  future work would be to explore the implementation of this workshop among marginalised
93  communities.

94
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