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Abstract 
Universities are increasing their offer of activities targeting high school students: science fairs, 
contests, open days offering workshops and short courses are the most commonly offered activities. 
The main objectives of such activities are enhancing science and research vocations, approaching 
society for science communication and dissemination of research activities, and showing the 
catalogue of undergraduate and graduate courses offered by the Universities. However, high school 
institutions and Universities can collaborate in a better planned and defined framework such as a 
STEM (science, technology, engineering and mathematics) projects. STEM is a curriculum based on 
the idea of educating students in four specific disciplines — science, technology, engineering and 
mathematics — in an interdisciplinary and applied approach. The Universidad Miguel Hernández of 
Elche (UMH) has recently launched a program called OSMOSIS in order to provide a framework for 
this type of collaborations. The present work shows a case in which the Science Departments of the 
High School Jaime de Sant-Ángel form Redovan (Alicante, Spain) (HSR), the AgroFood technology 
Department of UMH and the Didactic and Interactive Museum of Science Vega Baja (MUDIC) work on 
an agricultural STEM project under the OSMOSIS program. The University prepared a proposal based 
on the main agricultural activity of Redovan which is citrus cultivation and commercialization designed 
for 4th grade students (15-16 years). The project combines knowledge on agricultural engineering 
(cultivars and irrigation systems), using of GIS (geographic information systems), collecting 
representative samples from cultivated plots, and analysing samples at the University laboratories. 
Results are further analysed and compared with European Union (EU) standards for citrus 
commercialization so students may decide on harvest time, commercial uses and labels according to 
EU rules. Finally, students may present a map of Redovan locating the citrus farms, showing citrus 
cultivars spread, explaining irrigation conditions and relating agricultural practices and location with 
fruits characteristics (diameter, colour, sugar content, acidity, juice content and seed contents). The 
activity was organized in 6 blocks of activities: 1) Work program preparation by the University and 
presentation to HSR science teachers, 2) Presentation of the working schedule to students who 
should run some autonomous work (contacting farmers, running tests on agricultural practices and 
sampling) and well as group work directed by science teachers, 3) the students come to the University 
and analyse collected samples, 4) data is processed back at High School and corrected in the 
University supervised by both University and High School faculty, 5) the students visit a citrus 
company, 6) the students present the project in a science fair. 
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1 INTRODUCTION 
Academic motivation refers to the cause of behaviours of student’s related to academic affairs [1] as: 
student’s interest in academic activities; competence on academic functioning; effort put forth on 
academic success; and, persistence in work. Teachers try to positively impact students through their 
classes and activities, however when activities are too easy or not challenging they may not effectively 
engage the students [2]. The promotion of favourable attitudes towards science, scientists and 
learning science is an essential part of science education, and many teachers try to design 
challenging experiences with such purpose.  

When experiences come close to the real world they become complex and involve many disciplines. It 
is in this sense that STEM projects, involving science, technology, engineering and maths can be 
designed to allow students to integrate knowledge and activities related to several topics in the same 
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project, resulting in a challenging activity. High school institutions and Universities can collaborate in 
planned STEM projects. STEM is a curriculum based on the idea of educating students in an 
interdisciplinary and applied approach. The Universidad Miguel Hernández of Elche (UMH) has 
recently launched a program called OSMOSIS in order to provide a framework for collaborations with 
high school institutions. The STEM education method is proposed in the present study as a means for 
encouraging science process skills and learning achievements of secondary students at their last year 
of high school (15-16 years). The uniqueness of the present STEM project is that it is a collaborative 
project among a University and a High School, trying to motivate students through their early 
connection with the University environment by running an applied agricultural project. We present in 
this paper the activities organized by the University and their connections with topics of secondary 
education, those exploited in the present study as well as those that may have been also connected 
with the project. The title of the project was “Evaluation of the state of maturity of citrus fruits and their 
compliance with European commercialization regulations for citrus fruits”. 

The objective was to give students the responsibility to locate on a map the plots where sampling 
takes place, identify the variety of citrus and collect agricultural practices information, and to determine 
the degree of ripeness of citrus fruits of the Municipality of Redovan and to verify if they meet the 
requirements of European Regulation standard R543/2011. Finally students had to prepare the 
technical commercial sheet of the studied fruits according to such Regulation. 

2 METHODOLOGY 
Agents involved in the activity were students, high school teachers from the Science Departments of 
the High School Jaime de Sant-Ángel form Redovan (Alicante, Spain), University faculty from the 
AgroFood technology Department of UMH and the Didactic and Interactive Museum of Science Vega 
Baja (MUDIC), and citrus growers linked to small-medium-enterprises (SME). All worked together on 
an agricultural STEM project under the OSMOSIS program. 

This activity was carried out at the facilities of the Escuela Politécnica Superior de Orihuela of the 
Universidad Miguel Hernández. Facilities used were: Laboratory of the University equipped 
appropriate material (calipers, weights, colorimeter, juice extractors, refractometers…); students were 
provided with templates and markers for data collection, as well as safety equipment for chemical 
laboratories. Students were distributed in two main groups of 20 students; they worked in sub-groups 
of 2-3 people. Whereas the first 20 students run laboratory work, the second group visited MUDIC and 
vice versa. 

2.1 Preliminary work on IES Redovan: 
On November 3rd 2016, faculty from UMH visited the IES Redovan to introduce the activities to be 
carried out. Previously students were asked to bring their smartphones to the session, during the visit: 

• Students were informed that they should contact a citrus grower from whom they must collect 
the following information: citrus species grown (lemon, orange, grapefruit ...), cultivar/variety (for 
example the most common lemons are Verna or Fino), plot surface, main use of fruits (family 
consumption or commercialization), expected date of harvest, irrigation system, growing 
systems (organic/integrated/conventional). 

• The app to be used on geographic information will be agreed with the purpose of locating the 
farm from which samples were to be taken (coordinates, plot number, surface ...) 

• Students, not earlier than 48 hours before going to the University, had to collect 3 to 5 fruits 
from the orchard (3 if they were oranges or grapefruits, 5 if they were mandarins or lemons or 
the fruits were of small caliber). The fruits had to be representative of the general appearance of 
the fruits of the plot. The fruits were to be kept at room temperature in a paper bag or exposed 
to the air (not in a refrigerator or plastic container) protected from light and heat sources. 

• Students were also provided with the laboratory instructions indicating activities to be carried 
out at the University. 

Since early October students were already running activities at HSR related to the project (introducing 
concepts such as acidity, pH…). After the visit of UMH faculty activities related to the project and 
autonomous work of the students (contact with growers) took place. On December 2nd 2016, students 
and High School teachers came to the University for the analytical determinations. 
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2.2 Work carried out at the University: 

Determination of the average weight of the fruits: Each individual fruit was weighed and the weight 
was recorded to the nearest 0.1 grams.  

Determination of the diameter of the fruits: by using a caliper the diameter of each of the fruits was 
measured and registered. 

Determination of the color of the fruits: by using a colorimeter the color of each of the fruits was be 
measured, making a minimum of 3 measurements per fruit. The values of the color coordinates were 
registered. We aimed to see the uniformity of the fruits and visually determine the presence of defects. 

Determination of seed content and percentage of juice: Once the three previous determinations were 
completed, fruits were divided by their equatorial zone: fruits were squeezed and the juice was 
measured and registered; and the seeds, if any, were counted. 

Analytical determinations for quality control of juices: sugar content was estimated by means of ºBrix 
with a refractometer and thermometer (temperature was used to correct values according to standard 
tables). Determination of acidity by titration followed by proper calculations according to molecular 
weight and chemical reaction equilibrium to finally express acidity as the percentage of the major 
organic acid of the fruit (% citric acid). Calculation of maturity index as [ºBrix]/[% citric acid]. 
Determination of pH: direct measurement with a pH meter. 

Once these measures are known, students consulted European Regulation standard R543/2011 to 
determine if the product met the minimum requirements required for commercialization and export and 
also prepare the technical commercial sheet of the fruit based on the template provided in the 
Regulation. 

3 RESULTS 
Forty students from 4th grade of ESO (Educación Secundaria Obligatoria) were engaged in the project, 
all of them were enrolled in Biology, Physics and Chemistry courses at High School. Those were the 
Departments from the HSR involved in the activity with a total of 4 teachers. Three University faculty 
members and one technician were involved as well. Table 1 presents potential connections of the 
activities of the project with disciplines taught at high school level that were or could be connected with 
the present project. 

3.1 Location of the plots by means of Geographic Information Systems and 
data collection from citrus growers 

Given that citrus grow is one of the major activities in the Municipality of Redovan, all students 
manage to contact a citrus grower (either an individual or a small or medium size enterprise) to collect 
information as well as samples for the project. Students made a total of 17 groups of 2-3 students for 
the project. Six groups contacted lemon growers and the other 11 groups contacted orange growers. 

3.1.1 Geographic Information Systems 
All students used free apps, mainly SIDCAT, as well as GPS-SigPac, which allowed them to identify 
and locate the plots on a map. All used apps combined GPS (Geographical Positioning Systems) with 
information from Government Cadastral Register. The students were able to indicate surface, plot 
code and to locate the plot on a map. With this activity several concepts may be introduced to 
students such as: GPS calculations, satellite services, Cadastral Register, use of software for maps 
drawing among others. 

3.1.2 Data collection from citrus growers 

The contact with citrus growers was an autonomous work. This activity allowed students to contact 
with one of the main economic activities of Redovan and the agents involved. It allowed them to know 
about agricultural practices, main agricultural issues as water management, irrigation and cultivars.  
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Table 1. Main activities of the project and potential connections with disciplines of high school courses. 

 Physics 
Chemistry Biology Maths Engineering Technology Economy Social 

sciences 

GPS technologies and 
Cadastre Register   x X x   

Survey among citrus growers 
on agricultural practices  x  X  x x 

Analitical determinations x x x     

Calculations x  x X    

Report x x  X x x x 

EU regulations use     x x X 

Technical sheet     X x x 

 
Figure 1. Students from IES Redovan measuring the color of fruits. 

3.1.3 Determinations in the laboratory of the University 
Laboratory work allowed the students to practice rigour and care when operating equipment and 
devices, as well as rigorous collection of data. They were responsible of their samples, analysis and 
data collection. Disciplines involved in the activity include chemistry, physics, biology and maths. The 
laboratory work allows as well the development of general competences such as team work, 
communication skills among others. Students run the analysis and collected data at the University and 
then calculate results at high school during science sessions. 

3.1.4 Reports correction and feed-back to students 

After running calculations, students prepared a brief report that was corrected by high-school teachers 
and then revised by University faculties. This was a necessary step before the preparation of the final 
report in order to make sure that they were making decision based on reliable data. Once calculations 
and brief were revised students were given feed-back from their work and they could proceed with the 
following step: comparison with European regulation R543/2011 on citrus fruit commercialization. 
Several disciplines are involved in calculation of data (Table 1). 

3.1.5 Compliance with European Regulation R543/2011 standards 

The students learnt that there are regulations on food, not only regulations on food safety, but also on 
food commercialization. Data collected was needed to check the compliance with European 
Regulations; they compared their results with specifications in the regulation and were asked the 
following questions: If you were responsible for harvesting a citrus plant, would you collect these fruits 
for export? Compare now with the results of other colleagues who study the same variety, have you 
obtained similar results? Which farm would you collect first? What destiny would you give to the fruit? 
Represent the results indicating on a map the location of the sampled plots and to prepare the 
technical note of the fruit to be commercialized. They prepared one report per group with their 
technical note prepared as indicated in R543/2011 and the location map. This activity is also related to 
several disciplines (Table 1), although it was not included in the present project, social sciences are 
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closely related to legislation and society regulations and could also been approached with the present 
project. Once finished, students had to visit a citrus company to see the same process at large scale 
and then they are expected to present the project in a science fair. 

4 CONCLUSIONS 
A STEM project joined by University and High-School has been designed to contribute to motivate 
high-school students towards science and to open minds to STEM careers by an approach to a real 
issue of their local economy: citrus production, commercialization and quality control. The present 
paper provides details on the agricultural project that has been carried out and their connection to 
multiple disciplines. Impact of the activity on students motivation still needs to be measured, the group 
of students is reduced and longer times are need in order to properly compare students participating in 
the project with their classmates not taking part on the project. However, the authors positively value 
this experience and the received feed-back from the participating students is positive.  
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