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Abstract: The objective of this research was two-fold. First, to determine the impact of a Science,
Technology, Engineering and Mathematics (STEM) Education program on school performance
amongst primary education students. Second, to identify the potential benefits of this program on
the key competences of university students in Primary Education Teacher Training. The primary
education students’ sub-sample, after being matched on key covariates, was randomly assigned
either to the experimental (N = 25) or control group (N = 25). The university students’ sub-sample
consisted of 26 students self-selected from the Primary Education Teacher Training degree. The
intervention consisted of 20 two-hour weekly sessions of highly structured after-school tutoring
delivered by previously trained university students. Although statistical significance was not
reached for the hypotheses tested, notably, the results showed between small and moderate effect
sizes (i.e., magnitude and direction of the program impact) for primary education students on core
STEM subjects (e.g., mathematics d = 0.29, natural science d = 0.26), and for university students on
some key employability competencies (e.g., action orientation d = 0.27 or team orientation d = 0.54).

Keywords: science; technology; engineering and mathematics (STEM) education; tutoring; school
performance; social sustainability; service learning; initial teacher training

1. Introduction

In spite of the impact of the economic and financial crisis on labor markets, the demand for
employment in sectors linked to Science, Technology, Engineering and Mathematics (STEM) has
been increasing significantly in the last decade [1,2]. Furthermore, this growth trend is expected to
persist in the coming years, and in Spain a rise of 9.68% is expected in the number of employees that
the scientific-technological sector will demand by the year 2025 [3].

However, in the European Union the number of students accessing STEM degrees (i.e., life
science, physical science, mathematics and statistic, computing, engineering and engineering trades,
and manufacturing and processing) is not increasing, the university graduation rate of
scientific-technological degrees remains stable, and the number of STEM vocational training
graduates is decreasing [4,5]. More specifically in Spain for example, the number of students
enrolled in these scientific-technological university degrees is decreasing drastically, while the
students who do enroll in these studies and training programs show a low academic performance
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[6]. This decrease in the number of students and graduates in STEM degrees is the result of the
combination of several social, cultural, economic, and educational factors. The literature points out
that the main causal variables are the following [4,7-9]: students’ disinterest in the
scientific-technological field during compulsory educational stages, stimulated by their level of
self-efficacy in the STEM curricular areas; the fact that they belong to ethnic or cultural minorities;
their socio-economic status; and the high rates of failure and drop-out that these degrees present
[10].

Nevertheless, the gap between the demand for STEM professionals with a certain level of
qualification by the labor markets and the number of students that access and graduate in STEM
degrees is causing certain recruitment problems in the scientific-technological sector, where certain
jobs are not being filled due to the absence of professionals with the required level of qualification
[2,4,5]. This situation has become a priority for a large number of government officials, since it is
considered a key element for promoting the level of competitiveness and economic growth of any
country [11].

To this end, several political, practical, and research strategies and measures have been
implemented, leading toward different initiatives aimed at [4,12-16]: (a) reforming the STEM
curriculum, especially in terms of teaching methodology, among which inquiry-based science
education (e.g., the INQUIRE, Mind the Gap, SPICE, and PRIMAS projects) is highlighted, as well as
the push for greater contextualization in science education (e.g., integrating science education within
current social issues); (b) improving the training and professional development of STEM teachers
through various means, such as delivering formal continuous professional development activities
for teachers by science centers, creating networks for the exchange of good practice in the field of
science teaching, the inclusion of key objectives specifically related to improving teacher education
in the strategic frameworks in place to promote science education, or the implementation of
initiatives that target initial education of science teachers (e.g., the STELLA and GRID projects); (c)
improving the vocational and professional guidance that the students receive through initiatives
aimed at challenging the negative perception of science (e.g., the MOTIVATION and YOSCIWEB
projects), or providing high quality guidance and good labor market information (e.g., career
guidance at transition points from one level of education to another); and (d) the need to create
sustainable learning environments in which students engage in authentic activities guided by
frequent, significant, and meaningful formative assessment through initiatives that aim to develop
effective cooperation with employers (e.g., school and business partnerships), or develop skills for
forecasting and monitoring systems. For example, in the framework of the European Union, many
initiatives can be found, among which Scientix, InGenious, and the STEM Alliance, led by the
European Schoolnet, stand out [4,13,14]. However, in Spain there currently is no specific strategy to
address this need, although it is true that educational regulations do place special emphasis on the
improvement of teaching in the scientific-technological field, and there are certain institutions
delivering teaching and training courses (e.g., National Institute of Educational Technologies and
Training) [14].

Indeed, the Nurture Thru Nature (NtN) program was developed to serve this specific and
important need highlighted by the Sustainable Developmental Goals [10]. From this perspective,
several authors [17,18] have developed STEM education as an active, interdisciplinary, and
integrating focus of the teaching-learning process of these four major areas of knowledge, which is
aimed at solving problems and innovation with the purpose of increasing the interest of young
people for STEM studies and professions. This approach is based on the Inquiry-Based Science
Education (IBSE) teaching method, which has been recommended by European institutions [19,20],
and its use has expanded appreciably in Europe, although there are only a very few Spanish schools
using it [21]. Although different typologies and variants of this teaching method have been
recognized (e.g., model-based inquiry, argument-driven inquiry or 3D inquiry), and different
studies showed evidence of their effectiveness [22], recent meta-analyses demonstrated that
guidance is pivotal to successful inquiry-based learning at all educational levels [23]. IBSE typically
involves the following [24]: (a) scientifically oriented questions that engage students; (b) students
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compile evidence, mainly from experimental procedures, to evaluate their explanations to the
problems; (c) students formulate explanations from evidence to scientifically address oriented
questions; (d) students evaluate their own previous explanations that frequently correspond to
misconception and alternative ideas, reflecting scientific understanding; and (e) students
communicate and justify their proposed explanations to the problems.

1.1. The NtN Program at the University of Granada (NtN-Granada)

The NtN-Granada is an adaptation of the NtN-Rutgers program resulting from the
inter-institutional research collaboration between Rutgers University (USA) and the University of
Granada (Spain). The main characteristics of both programs are collated in Table 1, with
NtN-Rutgers showing a high level of effectiveness in four editions, with a considerable increase in
the knowledge and school performance of the participating students in the STEM subjects [25-27].

Table 1. Summary of key components of the Nurture thru Nature (NtN)-Rutgers and NtN-Granada
programs.

NtN-Rutgers (USA) NtN-Granada (Spain)

Program

NtN-Granada, which is intended to
validate the NtN-Rutgers’ impact model
in the Spanish socio-educational context.

NtN-Rutgers, Partnership between Rutgers University, New
Brunswick Public Schools, and Johnson & Johnson.

Program type

After-school;

very limited economic and logistic
resources; everyday objects frequently
used; lack of resources such as gardens.

After-school and summer;
moderate economic and logistic resources; availability of material
such as a garden.

Aims
To stimulate the development of human
To stimulate the development of human and social capital among compulsory
and social capital among compulsory education students in risk of ~ education students in risk of social
social exclusion. exclusion and to improve primary
education teacher training.
Implemented by

University of Granada faculty and

Rutgers faculty/staff and students (granted). students (volunteers)

Methodology and methodological orientations

- Direct instruction, in the case of
school support activities.
Inquiry and hands-on, oriented,
through IBSE methodology and
STEM orientation, for
scientific-technological activities.

- Peer tutoring and service-learning.

- Direct instruction, in the case of school support activities.

- Inquiry and hands-on learning for the scientific-technological
activities, in which situations of the daily life of the students
are approached; “head, heart and hands” model [26], a garden
and outdoor-based curriculum (orientation to environmental
and sustainable education perspective) [25,27].

NtN-Rutgers and NtN-Granada are inspired by the “Head, Heart and Hands” environmental
educational model for transformative learning that informs the current educational movement to
foster environmental understanding and sustainability [25-27]. This model is based on Dewey active
learning philosophy, especially in two of its principles (i.e., “the need to connect a student’s prior
knowledge and experience, however limited, to current and future learning experiences, and the
need to situate the student’s learning in the here and now, providing opportunities to apply
mathematics and science knowledge to every situations”) [27], and it is designed to promote student
learning through the simultaneous involvement of cognitive, emotional and psychomotor domains
[26]: “The model shows the holistic nature of transformative experience and relates the cognitive
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domain (head) to critical reflection, the affective domain (heart) to relational knowing and the
psychomotor domain (hands) to engagement”. Moreover, these programs combine “hands-on”
science and environment-based curriculum and they include after-school program elements and
components [25-27].

One of the main differences between both programs is that the NtN-Granada program
additionally aims to benefit teacher training improvement through incorporating volunteer
university students as tutors to deliver the program sessions, rather than the hired staff of
NtN-Rutgers. There is a need to provide university students with access to high-quality learning and
competencies development opportunities, which aligns with the competency-based education
model embedded in the higher education area in Europe. Furthermore, this is a way to incorporate
service-learning (S-L) and community engagement, as the new wave of outreach programs for
universities deliver their third mission [28]. Both methodological approaches were blended into the
NtN-Granada intervention design in the following way: (a) S-L, which integrates knowledge and the
curriculum’s subjects with learning and doing useful and supportive work in the community [29];
and (b) peer tutoring, in which students of different ages and/or with more knowledge and/or skills,
after a process of training and practice, through a framework of asymmetrical relationship externally
planned by professionals, help and support other students with less knowledge and/or skills for
preventive and/or instructional purposes [30]. Amongst the multiple benefits of both ways of
understanding and practicing education, the following are frequently cited [29-36]: an improvement
in the school performance of participants, their skills and social relationships, an increase in health
indicators and professional skills, and improvements in professional skills and the satisfaction of the
educators involved. There is also evidence of the benefits that this type of program exerts on the
social climate of institutions and communities by increasing the organizational structure and social
participation of their members (e.g., increasing the number and quality of interactions between its
members and its immediate environment, improving members’ well-being and commitment to their
work or duties, decreasing leave days and reducing disciplinary issues) [29,34,35,37].

1.2. Hypotheses

The aims of this study were, on the one hand, to determine the impact of a STEM education
program on school performance amongst primary education students, and, on the other hand, to
identify the potential benefits of this program on the key competences of university students. To
these ends, the following hypotheses were established: (1) as a result of the program, there will be
statistically significant differences in the average grade of school achievement obtained by the
primary education students of the experimental group in relation to those of the control group in the
instrumental and STEM curricular areas at the end of the school year; and (2) the university students
will improve in statistically significant terms their average direct scores obtained in personality and
key competences for employment in post-tests with respect to pre-tests as a result of their
participation in the NtN-Granada.

2. Materials and Methods

2.1. Participants

The sample consisted of 76 participants who were divided into two sub-samples, 50 primary
education students (NtN tutees), and 26 university students who participated as student-tutors
(NtN tutors). The NtN tutees sub-sample was divided into two groups: the experimental group
consisted of 25 students, including 11 girls and 14 boys, with an average age of 10.52 years (age
range: 10-11 years), and a distribution by educational level of 14 students in the fifth year and 11 in
the sixth year. Likewise, the control group consisted of 25 students, with the equivalent distribution
by educational level and sex, and with the same mean and age range as the experimental group.

The sub-sample of NtN tutors was made up of 26 students enrolled in the primary education
teacher training degree: 12 students in the first year and 14 in the second year. Their average age was



Sustainability 2020, 12, 6653 5 of 15

19.58 years, with a range between 17 and 39 years, while their distribution by gender was 20 women
and six men.

The sampling selection was based on a non-probabilistic sampling technique [38] and involved
four sampling stages. In the first stage, two educational centers and a degree program were chosen
as the field of the study due to various reasons: (a) the limited financial, material and human
resources available; (b) the program had to be implemented with a sample of educational and
socio-demographic characteristics similar to those of the American counterpart (i.e., fifth and sixth
grade in a poor urban school), whilst the degree had to be one in which future primary education
teachers were being trained; (c) the applied nature of the program as well as the objectives of the
intervention were aligned to the center’s expectations and needs; and (d) availability and
geographical proximity.

In relation to the second stage, once the required institutional permission was obtained, the
divulgation and recruitment plan was carried out, including: (a) six group information and
coordination sessions with the institutional managers and teachers of the participants schools, in
which they were informed about the program and their input, as well as their participation
requested in the dissemination and recruitment of primary education students and their families; (b)
four group information sessions with the fifth and sixth grade primary education students of the
participant schools, in which they were informed about the characteristics of the program including
a demonstration of a brief scientific-technological activity, as well as providing them with the family
contract agreement (i.e.,, document similar to a behavioral contract in which the families” rights and
obligations were specified, in addition to the authorization from the school to process the child
registration in the program) [33]; and (c) two group sessions with the university students from the
selected degree, in which they were informed about the characteristics, conditions, costs, and
benefits of the program (e.g., voluntary participation, although at the end of the program tutors were
awarded with the equivalent of six credit hours by their faculty).

With regard to the third stage, 62 primary education students from the fifth and sixth grades
were enrolled in the program by the institutional heads of the participants” schools, after (a) reading
and accepting the clauses of the contract agreement of the schools (i.e., document similar to a
behavioral contract in which the commitment, rights, and obligations of the schools were specified),
and (b) the families were given the family contract agreement, an original copy of the primary
education students’ report card and the access protocol (i.e., self-report in which the teachers
provided the demographic, school and interest information of the students who were enrolled on
the program) [33]. Likewise, 29 university students enrolled voluntarily in the program after (a)
reading and accepting the clauses established in the NtN tutors agreement (i.e., a document similar
to a behavioral contract in which the rights and obligations of university students who enrolled on
the program were specified), (b) providing an original copy of their academic report, and (c)
completing the NtN tutors protocol (i.e., self-report aimed at obtaining the demographic, academic,
and interest information of the university students who enrolled in the program) [30,32], and the
Business-focused Inventory of Personality (BIP) (i.e., self-report to measure personality and key
competences for employment) [39].

Finally, in the fourth stage, out of the 62 primary education students who initially volunteered,
a total of 26 pairs (N = 52) were created. Pairs were sorted and matched according to two sets of
control variables [40], usually associated with school performance [41,42]: (a) school variables, such
as educational center, course, group, specific educational support needs, measures of attention to
diversity applied or in progress, and performance in the previous school year; and (b) demographic
variables, such as age, gender, nationality, years of residence in Spain, and language used at home.
The remaining 10 primary education students were discarded due to the lack of an appropriate
match, whilst the members of one of the pairs reported their withdrawal from the program due to
problems with their schedules.

In the case of the 29 university students who initially volunteered, 26 were selected as NtN
tutors according to the following criteria: (a) a grade point average of more than two points (in a
scale of four points), (b) a centile score higher than 50 in the BIP [39], (c) having demonstrated
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interest and being available at the requested time intervals, and (d) attending the four training
sessions and passing the practical NtN tutor training tests.

2.2. Materials

The instruments used for data collection were the academic report and BIP [39]. An original
copy of the primary education students’ report card provided by institutional managers of the
participating schools was used to calculate school achievement obtained by the primary education
students in the instrumental and STEM curricular areas at the end of the school year.

Personality and key competencies for employment was measured by BIP [39], an inventory
composed of 210 items with six response levels grouped into 14 scales. It was used because it is one
of the tests commonly used to evaluate competencies in training contexts due to its acceptable level
of reliability (Cronbach’s alpha of between 0.51 and 0.84 points in the different scales) and validity
(factorial analysis that demonstrates the factorial structure) in its original version and Spanish
adaptations.

2.3. Design and Procedure

The methodological designs adopted were an experimental design of randomized blocks with
concomitant variables for hypothesis 1, and a quasi-experimental pre-test/post-test design for
hypothesis 2 [40].

Once the NtN tutees’ pairs were established, each member of each pair was randomly assigned
to either the experimental group or the control group through the online tool called “research
randomizer” (https://www.randomizer.org). It was then confirmed that the experimental and
control groups were equivalent to the pre-established control variables (i.e., some of them showing
the same value and others showing the same proportion in both groups, whereas for the rest of the
control variables relevant parametric and nonparametric contrasts were performed, without
appreciating statistically significant differences for each of them between both groups). Then, the
researchers contacted each family of the control group members to inform them that they had not
been selected to participate in the program, although they would remain on the waiting list.
Therefore, they did not know their control condition and they did not participate in any of the NtN
activities or equivalent (i.e., tutoring sessions: school support and scientific-technological activities).
This is a standard decision and protocol followed in this type of program.

The intervention plan was composed of the contents, procedures, and activities extracted from
the specialized bibliography [4,12,17,29-35,37,43—45]. In this vein, the NtN tutors’ training course
(i.e., the first activity of the intervention plan) was aimed at enhancing the university students’ skills
to efficiently perform the role and functions initially assigned. Thus, four three-hour sessions were
delivered in two weeks (2 to 11 November 2016) using an active and participatory methodology to
cover the following contents [31,33]: (a) session 1: introduction of the program staff, participants,
and training plan, justification of the program, and description and use of the workbooks (i.e., study
protocol: a set of materials in which each of the tutoring sessions was presented in a structured
manner), (b) session 2: performance of the NtN tutees’ needs assessment (i.e., instructions on how to
analyze and to review the agenda and school material to establish and prioritize homework, doubts,
problems, or difficulties on the instrumental curricular areas), and the design, planning, and
execution of school supplemental activities, (c) session 3: the design, planning and execution of
scientific-technological activities (i.e., presentation and curricular justification of the activities, and
training in the IBSE teaching method: the procedure to be followed by NtN tutors when
implementing the activities), and (d) session 4: evaluation and registration of the tutoring sessions,
and analysis of potential difficulties or unpredicted situations during the tutoring sessions.

Once the NtN tutors’ sub-sample had been selected, they were paired up (N = 13) taking into
account their matches on the degree program group, program year, academic and personal
similarity, and time availability. Next, the NtN tutees of the experimental group (N = 25) were
assigned to NtN pairs of tutors based on the compatibility of their respective schedules (i.e., two
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pairs of tutors were assigned three students each, eight pairs two students each and three pairs one
student each), to then start the implementation of the tutoring sessions.

The second activity of the intervention plan was to deliver the tutoring sessions from 14
November 2016 to 11 May 2017, once a week from 16:00 to 18:00 h in the school classrooms assigned
by each school. During that time, the first hour was dedicated to the school support activities in
one-to-one sessions based on the students’ needs (i.e., the establishment of optimal conditions for the
development of the session and needs assessment, objectives and planning of the session, providing
information illustrated with examples and modeling, supervision of understanding and guided
discovery, and independent practice) in the instrumental curricular areas, followed by a 10 min
break in which NtN tutees of the experimental group had a snack. Then, the 17
scientific-technological activities previously designed by university staff for this project focused on
some contents of the STEM curricular areas (i.e., digestion, musculoskeletal system, fish anatomy,
earth materials, cells, microscope function, operation of the microscope, circulatory system, plant
biology, pressure and atmosphere, microbes, arthropods, graphics and movements, gravity, types of
mixtures and their separation, density and buoyancy, respiratory system and health, volume and
capacity, sound and light, electricity and magnetism), following the IBSE teaching method (i.e.,
identification or establishment of the problem/need/objective, hypothesis formulation,
experimentation and information gathering, discussion on the data, and establishment of
conclusions on examples of their daily life situations and experiences); this was delivered in small
groups (i.e, 2-5 students). In addition, machines and construction of apparatus and basic
mathematical operations were transversal contents amongst the scientific-technological activities,
which aimed to develop both manipulative and cognitive inquiry skills.

These activities were designed and sequenced in the workbook, taking as a reference the
curricular content scheduled during the school year, because they were meant to apply and integrate
the STEM curricular contents that the students had learned during their morning classes. In fact, in
order to facilitate and align the work of the NtN tutors with that of the teachers in the regular
classroom they all had a digital copy of the textbooks. The scientific-technological activities were
held weekly in the order established in the workbook, although three of them were implemented in
two sessions. Nevertheless, the NtN tutors and the university staff had to introduce some variations
in the activities planned to maintain the interest and learning of the NtN tutees of the experimental
group, as the specialized literature recommends [30,31,34,35]. Additionally, in order to maximize the
impact of the scientific-technological activities delivered, a digital copy of the material with the
curricular justification of that activity and the material resources necessary for its implementation
and development was prepared (i.e., presentation and initial instructions, concepts to be addressed,
and sequence of action) (https://ntngranada.wordpress.com/programa-de-actividades).

Eventually, 20 tutoring sessions were carried out, although some sessions were missed by NtN
tutees in the experimental group (M = 0.96, SD = 1.10) and NtN tutors (M = 0.85, SD = 0.97).

In parallel to the intervention plan, the monitoring plan to guarantee the fidelity of the program
was implemented [31]: (a) a participant observer was included in the NtN tutors training sessions,
(b) the presence of program staff in each of the tutoring sessions, (c) three follow-up group sessions
between the program staff and the NtN tutors (i.e., analysis of the actions taken in the corresponding
tutoring sessions based on the comments of the NtN tutors and the notes registered in their
workbooks, providing them with corrective feedback if necessary and improving planning for the
next sessions), and (d) a final group session devoted to assessing the overall participation of the NtN
tutors in the program, with special emphasis on the difficulties faced and challenges for future
editions. Finally, with the evaluation plan of the results, measurements were taken of the dependent
variables before and/or after the application of the program to test for statistically and/or
educationally significant effects [30,31].
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2.4. Statistical Analysis

The data for the different hypotheses were analyzed through the U of Mann-Whitney (i.e., a
nonparametric statistical hypothesis test to compare differences between two independent groups
when the dependent variable is either ordinal or continuous, but not normally distributed)
(hypothesis 1) or the t-students dependent test (i.e., a parametric statistical hypothesis test to
compare differences between one group of units that has been tested twice when the dependent
variable is either ordinal or continuous and normally distributed) (hypothesis 2), after applying the
Kolmogorov-Smirnov test to check for normal distribution (i.e., a nonparametric statistical test for
testing if a variable follows a given distribution in a population). The mean (M) and standard
deviation (SD) were also calculated. The level of statistical significance was expressed as a p-value,
and we worked with a p < 0.05 to establish statistically significant differences. However, the
family-wise error rate, resulting from the multiple comparison problems, was controlled with
Bonferroni correction (i.e., a multiple-comparison correction used when several dependent or
independent statistical tests are being performed simultaneously, and in order to avoid a lot of
spurious positives, the alpha value needs to be lowered to account for the number of comparisons
being performed). Additionally, the value of Cohen’s d (i.e., an appropriate effect size for the
comparison between two means, which should be used to accompany the reporting of U of Mann-
Whitney and t-test results, and which rules of thumb for interpreting effect size suggest that d = 0.2
be considered a small effect size, d = 0.5 represents a medium effect size, and d = 0.8 a large effect
size) was calculated to understand the strength of the difference between the experimental and
control groups (hypothesis 1) and pre-test and post-test (hypothesis 2).

3. Results

Tests of the two hypotheses were conducted using Bonferroni adjusted alpha levels of 0.010 per
test (0.05/5) (hypothesis 1) and 0.004 per test (0.05/14) (hypothesis 2).

Pertaining to hypothesis 1, after obtaining a non-normal distribution from the Kolmogorov-
Smirnov test on school performance, the U of the Mann-Whitney analyses did not yield any
statistically significant differences between the experimental and control group of NtN tutees on
school performance in the instrumental and STEM subjects at the end of the school year (Table 2).

Table 2. Intergroup (experimental vs. control) comparisons of NtN tutees’ school performance.

Subject/Group N Mean Standard Deviation Mann—-Whitney U Test p-Value d of Cohen
Natural Science
Experimental 25 7.40 1.68
267.00 0.37 0.26
Control 25 6.96 1.74
Social Science
Experimental 25 7.20 1.73
277.00 0.48 0.22
Control 25 6.80 1.85
Spanish Language and Literature
Experimental 25 6.96 1.64
306.50 0.90 0.05
Control 25 7.04 1.72
Mathematics
Experimental 25 7.08 1.52
264.00 0.33 0.29
Control 25 6.64 1.52
First Foreign Language (English)
Experimental 25 7.20 1.84
251.00 0.22 0.31
Control 25 6.64 1.72

In relation to hypothesis 2, the Kolmogorov—Smirnov test yielded a normal distribution of the
NtN tutors’ pre-test and post-test average scores on personality and key competences for
employment. The t-student dependent test did not reveal any statistically significant
pre-test/post-test differences between the NtN tutors’ results regarding the BIP scales [39] (Table 3).
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Table 3. NtN tutors’ pre-test/post-test comparisons of personality and key competencies for

employment.
t-Student
Scale/Phase N Mean Starfdérd Dependent p-Value d of
Deviation Cohen
Test
Achievement motivation
Pre-test 26 56.54 6.63
-0.48 0.63 0.07
Post-test 26 56.04 6.89
Power motivation
Pre-test 26 41.92 3.80
Post-test 26 40.96 450 099 033 023
Leadership motivation
Pre-test 26 42.92 7.29
Post-test 26 43.61 9.26 0-59 0-56 0.08
Conscientiousness
Pre-test 26 62.42 4.93
Post-test 26 61.58 6.95 069 050 014
Flexibility
Pre-test 26 45.31 7.11
Post-test 26 43.69 7.73 114 026 022
Action orientation
Pre-test 26 54.38 8.43
Post-test 26 52.04 9.02 139 018 027
Social sensitivity
Pre-test 26 55.85 4.98
Post-test 26 56.00 5.95 017 087 0.03
Sociability
Pre-test 26 55.77 7.79
Post-test 26 53.19 10.53 224 0.05 0-28
Openness to contact
Pre-test 26 56.27 10.42
Post-test 26 56.46 10.55 0-17 087 0.02
Team orientation
Pre-test 26 50.50 7.40
Post-test 26 46.15 8.74 281 0.1 0-54
Assertiveness
Pre-test 26 49.30 6.38
Post-test 26 49.15 6.21 014 089 0.02
Emotional stability
Pre-test 26 51.77 8.42
Post-test 26 4950 11.11 147 015 023
Work under pressure
Pre-test 26 48.92 9.01
Post-test 26 47.85 10.64 072 048 011
Self-confidence
Pre-test 26 48.85 9.43
0.10 0.92 0.01
Post-test 26 48.96 9.01

4. Discussion

This study aimed to demonstrate the capacity of the NtN-Granada, firstly, to improve the
academic performance amongst primary education students in the instrumental and STEM subjects
through the IBSE teaching method with a strong hands-on component and activities designed ad
hoc for this project, and secondly, to increase the quality of competency-based co-curricular learning
experiences available for university students. Of course, all was all done in collaboration with the
institutional managers and teachers of the participating educational centers and under the direction
and supervision of the university staff responsible for the program. Therefore, considering the
results obtained, we can ascertain that the program has some promise, although more conclusive
evidence for the program’s impact requires additional replications over time and across schools. In
particular, the following conclusions can be drawn: (1) since there were no statistically significant
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differences between the experimental and control groups of NtN tutees in terms of their school
performance once the program was finished, we have rejected hypothesis 1, and (2) because there
were no statistically significant pre-test/post-test differences between the average scores achieved by
the NtN tutors in personality and key competences for the employment, we have also rejected
hypothesis 2.

Given the particular purposes of the study, the results should be interpreted not only
considering the probability and statistical significance values [46], but also, and perhaps more
importantly, on the basis of the effect size [47]. In fact, effect size is a more appropriate statistic since
it measures the direction and magnitude of a treatment effect and, unlike significance tests, this
index is independent of sample size [48]. In this sense, regarding hypothesis 1, an interpretation of
the effect size values obtained reveals that a hypothetical member of the experimental group of NtN
tutees could achieve a school performance higher than that of 58% members of the control group. In
fact, although the size of the effect that was achieved must be interpreted as small [48] or small to
medium [49], certain authors state that a change higher than 0.10 points can be considered as a
significant improvement, even more so if this improvement is uniform in all the members of the
group and is maintained over time [47]. Moreover, specialized literature indicates that effect sizes of
around 0.20 have more practical or clinical significance when they are based on measures of
outcomes that are more difficult to change (e.g., school performance) [50,51]. Therefore, the results of
the program seem to confirm the initially proposed estimates about the effects of improvement that
participation in this type of program entails for school performance of the primary education students
in the STEM subjects [12,15,16,25-27,52-59]. Alternatively, the lack of statistically significant effects on
school performance may be related to the problem of underpowered treatment (i.e., the results from
short treatment schedules, poor attendance by participants, fragmented/poor implementation, and
uninvolved parents) [28]. For example, tutoring sessions began two months after the course started (i.e.,
early September) due to the program preparation arrangements (e.g., dissemination, sampling). This
delay led to a situation in which NtN tutees of the experimental group were close to completing the first
three-month evaluation period, with very limited exposure to supporting activities of the program and
their consequences on school grades for that evaluation period.

The need to terminate the intervention period before the NtN tutors started their own exam
period at the university (i.e., early June) not only limited the final number of tutoring sessions but
also prevented the possibility of delivering key tutoring sessions during June, which was also the
final exam and evaluation period for NtN tutees of the experimental group. In this regard, and from
a comparative perspective, the NtN-Rutgers activity not only lasted for almost a whole year but also
delivered between three and four sessions per week. Thus, an intervention of sufficient duration
ensuring maximum dosage would be necessary for future implementations, as several authors
recommend [60,61].

Although many contents from the curriculum (e.g., biology, physics, earth sciences, technology,
and mathematics) were addressed by the program activities, the mix of students from fifth and sixth
graders in the experimental group made it difficult to fully align the session contents (e.g., natural
sciences) with their morning classes in all cases, which might have conditioned the results.

Moreover, the behavior of some NtN tutees of the experimental group (e.g., lateness,
attendance at sessions without necessary school materials, level of enthusiasm) and NtN tutors (e.g.,
delays recording the tutoring sessions in the workbooks and difficulties in carrying out the needs
analysis, as well as in the design and execution of the tutoring sessions, sometimes due to the lack of
prior preparation or level of enthusiasm) could underlie the limited effects of the program [26].

Insufficient planning and coordination structure between tutors and teachers to align the
activities displayed in the regular classroom and those delivered in the afterschool support activities
(e.g., delays in communication through email) could have also hampered the productivity of the
program (effectiveness) [62]. Thus, the limited capacity of the program based on the IBSE teaching
method to deliver the promised learning objectives and competencies may have been mediated, on
the one hand, by the lack of changes in the teaching methodologies affecting the majority of Spanish
primary and secondary teachers, including science teachers [63], and, on the other hand, by the use
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of inadequate tests to assess and measure the kind of knowledge and competencies delivered by the
IBSE teaching method, which should have formally been incorporated in the last 10 years in Spain,
as has happened in many European countries, around key competences [64]. Particularly, one of the
seven key competences in the Spanish case, that is, mathematical competence and basic competences
in science and technology, including such components of scientific competence, such as evaluating
and designing scientific inquiry or interpreting data and evidence scientifically derived from the
PISA framework [65], could greatly benefit from the IBSE activities of the program. Nevertheless,
such a gain in competences has not been measured by the type of exams implemented, which,
consequently, is not mirrored in the final scores.

Additionally, insufficient follow-up and supervision by those responsible for the program (e.g.,
time cost associated with the program monitoring sessions in two schools for four days per week)
due to lack of resources (e.g., lack of time) may also help explain the final results.

In relation to the program effects on NtN tutors, regardless of the effect size accomplished,
participation in the program did not have the forecasted effects on NtN tutors’ development of
personality and key competencies for employment. The results obtained did not align with those
found by the specialized literature on the benefits of student participation in experiences that
include S-L and/or peer tutoring in their intervention design [29-31,33,36].

These discrepancies may be attributed to the response shift bias. This threat to internal validity
takes place when the participant’s metric for answering questions from pre-test to post-test changes
due to a new understanding of the concept being investigated [30,66]. In this regard, the NtN tutors
had a high perception of their own competence level in the pre-test, but the quasi-professional
experiences they went through, the problems and difficulties they had to cope with, and the practice of
professional behavior (e.g., participation in decision-making processes, data recording, monitoring
and evaluation), increased their awareness and knowledge of the pitfalls of their profession, affecting
their post-test responses to these evaluation materials. Inquiry experiences are not very common in
Spanish primary science teachers training programs, and poor knowledge of inquiry amongst the
programs’ students is common [21], which makes the use of these co-curricular S-L activities attractive
for high quality training purposes. Additionally, future research should focus on the expected
professional outputs linked to IBSE interventions on the tutors’ attitudes to science, particularly if
relevance and novelty for the pre-service teachers, as is the case in this study, is involved [67].

Limitations

The findings of this study have to be interpreted with caution due to some limitations inherent
to our non-probabilistic sampling and correlated samples design. For example, our non-probabilistic
sampling entailed some limitations compromising the representativeness of the sample, and
therefore the potential generalizations of research findings. However, this type of sampling is
inevitable, especially when the resources, time, and/or workforce are limited [68].

In relation to the small sample size, the probability of finding an educational or clinically
relevant difference that is statistically significant is low (type II error) and the chance of inconclusive
results is high [69].

In this regard, when the power of the NtN-Granada was calculated, current sample-size flat
rules of thumb for using a sample size of between 2040 subjects per treatment arm in a two-armed
trial [70] were followed. Unfortunately, although this study’s matched pairs design intended to
reduce error variability by equating both groups on key variables, the lack of randomisation to
conform both groups did not guarantee that all relevant potential confounding variables are equated
among our treatment levels prior to intervention.

5. Conclusions

This study’s results have contributed to determining the feasibility of the components of the
NtN-Granada (i.e., protocol, recruitment of subjects, measurement instruments, data collection and
analysis), identifying their weaknesses, establishing the needed modifications to planning and
designing a larger-scale study, and demonstrating its potential effectiveness [71]. In fact, preliminary
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data revealed a small to medium impact on the school performance of primary education students.
Therefore, curriculum materials provided by NtN-Rutgers (e.g., lesson plans, lecture notes, activity
work sheets, design of hands-on experiments, and instruments for data collection that were adapted
to the Spanish educational system), as well as guidance on NtN-Granada design, implementation,
and evaluation decisions, have definitely influenced how Spanish STEM curriculum was delivered.
Additionally, this experience seems particularly relevant and useful to university students.
Therefore, the NtN-Granada’s program intends to ensure inclusive and equitable quality education
and promote lifelong learning opportunities for primary education students and university
students. Moreover, S-L experiences enable university social responsibility to be incorporated as a
core of education for sustainability, and some of the scientific-technological activities of the program
were oriented to environmental issues and sustainable education [72,73].

Furthermore, the promising results obtained with this experience could be radically improved
with higher levels of involvement, interest, and collaboration between the different educational
agents that participated in the different phases of the program, as other studies also pointed out [26],
as well as with more systemic support [59]. The allocation of basic economic resources to strengthen
management functions and performance before, during, and after the life of the program will benefit
the fidelity of the program as well as the impact of the intervention on those key dependent variables
identified in both samples (e.g., short-term outcome), but also on medium-term outcomes (e.g.,
attitudes towards inquiry and STEM, and attitudes towards more socially inclusive teaching). Those
financial resources would also help extend the program beyond the school year into the
summertime when children are free from school duties and responsibilities and have more time to
learn from alternative educational resources.
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