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Abstract—Teacher training is an important key of education, although some
authors consider the training is not helpful in order to improve learning science
of the future teachers. Understanding scientific and mathematics concepts is
necessary to develop the logical or abstract reasoning. Most commonly used,
the PISA test is a basis in the scientific and mathematics education. In this research, it measures the logical reasoning with the test of logical reasoning and
the reading speed and comprehension have been measured by a science PISA
test. The students are 109 years old studying to be kindergarten teachers. They
use Socrative and their smartphones in order to answer the questions. The results show that the logical reasoning is in the lowest level, the concrete level.
The older students have better results than the younger students and there is a
correlation between the reading speed and logical reasoning.
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1

Introduction

Educational institutions which have been encouraged to carry out a series of reforms in education, state that professors should stimulate students reasoning, particularly verbal reasoning [1, 2]. In education, an increasing interest in the development
of argumentative competency exists indeed [3]. In fact, this capacity precedes symbolic reasoning, although students’ use of symbols as their cognitive development is
growing [4]. The tasks, as suggested by the professors, are more open to the students’
creativity; they indirectly make easier the capacity to argue. Students do not only have
to apply a process, but also to conceive it. This is very common in the learning process based on both research or discovery [5, 6].
In the field of science, there are some indications such as their symbolic aspect,
which facilitates the interpretation of language construction. The features of this scientific and verbal language are noticed in some aspects regarding the vocabulary, the
expression and the psycho-pedagogic implications. Thus, the start must be assumed
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from natural expressions known by the children, using in general terms as basic vocabulary. Since, psycho-educational consequences derived from the grade of precision-abstraction of the issues, exercises and problems that the students are going to
find. And, their positive or negative effect regarding comprehension will depend on
the verbal level that has been chosen. Therefore, it is essential to choose those words
which are more suitable to express concepts [7].

2

Teacher training

It is well known that students reveal in numerous signs that they do not understand
scientific concepts being unable to apply them in out-of-school contexts. In addition,
students use intuitive knowledge about science phenomena that makes very difficult
and sometimes impossible to learn scientific concepts. That intuitive knowledge,
based on routine activities and superficial thinking, is made of alternative conceptions
or preconceptions [8, 9]. In order to try and remediate this troubling situation, many
countries of the European Union (EU) are investing money in science education,
introducing new teaching methodologies which promote active learning experiences
and taking into account how people learn [10].
To reach this goal, it is necessary to modify the training of the prospective teachers. Special attention should be given to those teachers who will teach science in elementary grades. In general, at these grade levels, students do not have good understanding of science. Most importantly, teaching key concepts to these young pupils
will serve as a base for understanding science in next stages [11, 12].
Concerning the contents, most of the prospective elementary teachers do not
study science within a four-year period. Therefore, it is difficult that they remember
what they have already “learned”; it indicates that they have not understood well
enough the key concepts in previous schooling. In addition, they have to study simultaneously different subjects in the same semester.
To add more complications to the situation, some studies report that most of the
in-service elementary teachers admit that they try to avoid some science topics due to
a lack of confidence at the moment of explaining them [13-15]. In fact, the memories
they have of science classes at school are related to textbooks and answers to the
questions at the end of every chapter. Nevertheless, there are also a few teachers who
enjoy teaching science and do several experiences that are based on the research [11].
Therefore, this lack of a strong theoretical knowledge leads teachers to manage
resolution of problematic situations as a routine matter. So, these problematic situations, that appeared in some workbooks or in the chosen course books, differ significantly from their experiences and concerns. Indeed, any occasion of imaginative participation which could arise from the classroom is left on the sidelines. Consequently,
motivation which serves to refresh their necessities; and security, which allows the
possibility of making a mistake as a means of investigation in the learning process, is
dismissed because of the absence of fields with possibilities of creative action [7].
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3

Effect of technology

The use of technology in the classroom and its integration into the curriculum in the form of ICT has had a major impact on schools and the education
system as a whole. Developments in computer and communication technologies had
an impact on many areas, including education. Internet-based online learning has
grown dramatically over the past decade to provide additional training and education
for students [16].
One form of technology-enhanced learning environments, called blended learning,
combines the Internet with traditional, face-to-face in-class instruction [17]. The
availability of digital technologies in their diverse forms (desktop, laptop, tablets, and
interactive-whiteboards) is a reality in Spanish and also other European schools [18];
however, a fifth of European teachers believe that using computers in class does not
have significant learning benefits for pupils. This holds true especially for Spain
(52%), Sweden (48%) and Iceland (47%). The rejection of change, in the form of ICT
use in the classroom has been pointed as one of the reasons [19].
The studies related to the effect of ICT (failed to demonstrate even minimum impact in terms of performance) show some contradictory results. Some research show
little or no impact of ICT in the classroom [20, 21]. On the contrary, some studies do
show a real impact of ICT in the classroom [22]. Fuchs and Woessman [23] used data
form PISA and showed that there was a significant correlation between ICT availability and students’ performance.
On the other hand, it has been proven that the use of ICTs increases students’ motivation for learning, because it gives them more control over their own educational
experience [24-26].
For this reason, it is necessary to increase the infrastructure in schools and to develop the knowledge and competences in the use of technological resources amongst
teachers. In doing so, teachers can use them effectively to improve the quality in the
subject they teach and in management of their classrooms [27].
The advantages of technological resources applied to education are summarized
below [28]:
1. They have an influence on student’s daily life and are present in informal education.
2. They stimulate communication and offer multiple possibilities of application.
3. They facilitate the development of students’ research capacity.
However, the use of ICTs in classroom work does not seem to correspond to the
achievements they are attributed [29]. The reasons given for this deferment include
the scarcity of technological teacher training. In a study with teachers, Cox, Preston &
Cox [30] concluded that the factors that motivated teachers most in their use of ICTs
were: the capacity they perceive they have to use them, the difficulties they come
across in their use, the level of the available resources and their satisfaction with
them, and whether the use of the technology is considered interesting and entertaining. Teachers and students are increasingly in agreement regarding the utility of ICTs
for learning, the acquisition of competences, the development of skills and the com-
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prehension of educational contents [31]. The use of ICTs in classroom activities results in classes that are more active and more participative, producing greater motivation [32-35]. However, some authors also indicate that students prefer not using tablets in class because they are also distractive [36].
At present, the use of mobile technology in classrooms has increased with the
growing use of laptops, cell phones and tablets. M-learning is the name given to the
type of learning that occurs by means of mobile technological devices, characterized
by its ubiquity. Moreover, the definition of mobile learning has passed through different perspectives, ranging from points of view focused on the technology used for
learning to the theories conceiving mobile learning as a learning centered on the students, contexts and mobility. For Sharples, Taylor & Vavoula [37,38], in the era of
mobile technology, the process of education is a conversation in a context through
and with mobile technology. Learning is mediated by knowledge and technology (is
used?) as (an) instrument for productive research, in a situation of mutual support and
a relationship that is changing dynamically. These devices offer advantages, such as
facilitating cooperative learning experiences, diminishing the formality of learning
and helping to increase self-confidence [39].
3.1

Why do we use smartphones or tablets?

Manuguerra and Petocz [40] refered to mobile learning (M-learning) as a new concept which has followed E-learning. The use of smartphones and tablets can be very
helpful for teachers in tracking and analyzing their student learning and progress in
real time. They can also be used as evaluation and assessment tools of both learning
and teaching methods.
These are some other benefits of smartphones and tablets:
1. Teachers can easily design a series of knowledge- or opinion- based questions;
2. Students only need their smartphones and Internet access;
3. Teachers know the results of the tests immediately and all at once;
4. The results of the tests do not have to be public. They can only be known to the
teacher and a chosen student.
Since smartphones are one of the most commonly used devices, we are going to
focus on their integration in a classroom. The advantages are as follows [41, 42]:
1. They can be used to encourage both independent and collaborative learning experiences;
2. They help to remove some of the formality from the learning experience and engage reluctant learners;
3. They help learners remain more focused for longer periods of time;
4. They help to raise self-esteem;
5. They help to combat resistance towards the use of ICTs and can help bridge the
gap between mobile phone literacy and ICT literacy;
6. They are low-cost or at no cost to educational institutions;
7. Students use them daily;
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8. They can be used anytime, anywhere, from any source, and at any pace;
9. They can empower students who are visually or hearing impaired;
10. They distract less than laptops.
These technologies are attractive to students and promote motivation [43]. Moreover, in the United States, “93 percent of parents like the idea of an online textbook
and 47 percent feel that online textbooks would be a good investment for schools to
make to improve student achievement” [44]. The integration of information and
communications technologies (ICTs) in the classroom can initially require some extra
work and preparation for the teacher; however, long-term advantages are great and
eventually result in the saving of time and increased efficiency. For example, there is
no need to spend class time teaching students to use new instructional hardware and
software [45]. To summarize, it is worth mentioning Prensky here who defined cell
phones as “particularly useful computers that fit in your pocket, are always with you,
and are always on” [46].
3.2

What is Socrative?

There are several student response systems available on market that allow teachers
to prepare educational exercises and games via smartphones, laptops, and tablets, test
students, and receive immediate feedback and test results, for example, Poll Everywhere, Go Soapbox, and Socrative1 [47]. Socrative has the advantage of being free of
charge.
A teacher only needs access to the Internet and a device like laptop, tablet, or
smartphone in order to propose some questions and receive the answers of the students. Teachers design activities to do or problems to solve for students in class. They
simply log in with their device and interact with the content in real time. Students’
responses for multiple-choice and open-ended questions are visually represented on
those student response systems. In case of preplanned activities, a teacher can view
reports online as a Google spreadsheet or as an Excel file.
These response programs have the following advantages:
1. They neither require any special or expensive software nor electronic device;
2. Devices that are accessible to anyone, such as the Internet and a smartphone with
connection to the Internet, are the only prerequisites;
3. They are easy to implement in the classroom.
Regarding strategies of active learning, these tools can facilitate cooperative learning, a methodology that numerous educational institutions are promoting in science
education [10]. Moreover, they can be useful to improve understanding of the content
explained in class, in particular those that require a lot of repetition, such as arithmetic
calculations. A professor only needs to design an activity, give access to it to students,
download excel sheets, and check the results.
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4

The importance of logical reasoning

As matter of fact, in order to bring students closer to science and mathematics
comprehension, academics must know how reasoning processes are necessary for: the
comprehension of these concepts, the students’ reasoning and the way to improve this
former reasoning to facilitate comprehension. Consequently, teachers must expect
students’ level of knowledge regarding their stage of intellectual development (that is,
preoperational, specific, formal, or post-formal) and their knowledge in specific subjects [48].
Thus, in order to favor abstract concepts, the way to develop certain abilities must
be found, such as abilities of abstract or logical reasoning. This reasoning, is a creative process which possesses some recognizable elements. Firstly, a confusing observation takes place. Secondly, logical reasoning produces one or more hypothesis.
Another possibility as well, might be the use of combinatory reasoning to create a list
of every possible combination or hypothesis [49].
Moreover, this reasoning implies a creative thinking; in this way, both the development of the hypothesis and the following process (of which hypothesis is the right
one) are facilitated in order to reach the final conclusion. As a result, the development
of this ability might be encouraged through a method which provides reasoning, for
instance mathematic problems [50].
Ogan-Bekiroglu & Eskin [51] reached the following conclusions about the relationship between the scientific reasoning and the conceptual knowledge:
1. The quantity and the quality of the students reasoning improved in time.
2. It is possible to predict their quantitative contribution, inspecting their qualitative
contribution. Because, if a student make few quantitative contributions, their qualitative contribution will be lower as well, and vice versa.
3. When students are involved in thinking activities, their knowledge does not improve immediately. In other words, the development of knowledge in the reasoning
process entails its appropriate quantity of time.
4. Former knowledge affects reasoning involvement. If students are familiarized with
the concepts or they have scientific notions about those concepts before starting the
reasoning, it is undeniable that they are much more involved in that reasoning and
produce new elements.
Problematic qualitative and quantitative situations not only develop curiosity, but
also demand reflection, teach how to analyze the results as well as to express them
correctly, and they favor a better perception in the relationship between science and
technology [52, 53]. In addition, they facilitate an increase in the involvement, and
they promote an improvement in the reasoning of both ideas and opinions, which
facilitates access to knowledge.
Formal Reasoning is an important skill not only at the moment of making predictions, but also at the moment of learning science and mathematics. However, it is true
that people’s former ideas and the use of logical rules of reasoning have a great effect
in learning. Moreover, it also exists a partial dependence between the procedures of
learning and the conceptual content. Therefore, abstract reasoning is the skill that
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goes beyond the particular case and, that abstract concepts are especially important to
learn and understand [54].
The Test of Logical Thinking (TOLT) was used in order to get the measures of abstract reasoning and, it was designed by Tobin and Capie [54]. The TOLT, the Spanish and the original version, has been used in several situations [55]. Acevedo & Oliva [56] measured the formal reasoning of 1400 students from 13 to 21 years old. Valanides [57] used it with students from 13 to 17 years old. And this test has been used
with engineering students [58], chemistry students [59] and pre-service science secondary teachers [60]. Even, there is an experiment with in-service elementary teachers
in order to develop the formal reasoning, they used another test of logical thinking,
inspired by the TOLT, the GALT [61]. The experiment, was a comparison between
the effect in this skill with a group with lab instruction and another with traditional
methodology.
According to the level of formal reasoning, there are some different ways of division: the concrete level corresponds to a score from 0 to 3, the transitional level from
4 to 6 and the formal level from 7 to 10 [62]. Valanides [63] distinguished four levels:
concrete (ranges from 0 to 1), transitional (from 2 to 3), formal (from 4 to 7) and
rigorous formal (from 8 to 10). And Valanides did another division: concrete (0 and
1), transitional (2 and 3) and formal (from 4 to 10).

5

Methodology

In this research a total of 109 university students aged between 18 and 21 have participated. They are part of three different groups in the Pre-School Education degree
(from years first, second and third) with the aim to become future pre-school teachers.
The main objectives of this study are to know students' logical reasoning, to know
students' degree of achievement concerning five given dimensions that are assessed
through a test on logical reasoning by the TOLT, and to know students' reading speed
and understanding on science through a science PISA test [64]. According to the
results, the question arises: is there any correlation between the logical reasoning or
any of the five dimensions and the reading speed or understanding?
Another objective consists on determining whether or not it is advisable to use
technology in the classrooms. For that purpose, students will do a series of tests with
smartphones and the Socrative software. In this particular case, a new question arises:
Is it possible to get useful information through these devices and complex tests?
Should that be the case, these tools would have to be used in the classroom.
5.1

Instrument

A TOLT (Test of Logical Thinking) test was used. This multiple-choice test consists on measuring logical reasoning. This ability must be fulfilled with a smartphone
and the Socrative software for 40 minutes. This test (TOLT) assesses five reasoning
abilities concerning science and provides several and different justification options for
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the answers. It includes two elements for each of the following abilities and reasoning
outlines:
• Proportional reasoning: Students’ proportional reasoning is a key element to delimit their ability to work and understand the quantitative nature of Mathematics.
Those students with problems to reason will consequently find harder to understand equations, functional relations and concepts such as volume and density.
• Probability: It allows students to understand the need to make several attempts in a
research, and to use the average of compiled data from similar experiments.
• Control of variables: The process of investigation and control of variables is the
most important thinking ability that Mathematics aims to develop. This process is
intended to design experimental investigations, students must be able to define,
distinguish and manipulate dependent and independent variables. This ability is required in order to understand the movement-time relation.
• Correlative reasoning: Students should have correlative reasoning in order to identify and verify the relationship between variables and problem solving.
• Combinatorial: Students should be able to identify the relationship among the variables of collected data in order to interpret the data according to other variables
[65].
Abstract reasoning was measured by the Test of Logical Reasoning (TRL), the
Spanish version of TOLT, validated by Acevedo & Oliva [56].
Concerning reading speed, the instrument used was the PISA [64] science reading
understanding test.

6

Results
The results of abstract reasoning and reading speed are:
Table 1. Average of students’ logical reasoning and reading speed
Group

Students

TOLT

Speed

First year

30

2.05 ± 1.61

192 ± 52

Second year

44

2.23 ± 2.00

202 ± 64

Third year

35

2.91 ± 1.68

229 ± 47

Third-year students achieve the best results in reading and logical reasoning, in
comparison to the first-year students who achieve the worst. Concerning standard
deviation, it might be said that the second-year group has very different results. As it
can seen, first and third year groups are a bit more homogeneous.
The results of the five dimensions in the TOLT are shown in Table 2.
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Table 2. Results of TOLT five dimensions of future pre-school teachers
Group

Proportional
reasoning

Probability

Control of
variables

Correlative
reasoning

Combinatorial

First year

0.34

0.22

Second year

0.26

0.23

0.12

0.27

0.08

0.10

0.23

0.30

Third year

0.40

0.28

0.11

0.35

0.31

First-year group only gets the best results in control of variables although this result is not very significant, while the third-year group achieves the best results in the
other four dimensions.

7

Discussion

In order to compare the TOLT results, these future pre-school teachers have the
concrete level of reasoning according to Tobin & Capie (1981). The comparison between these students and others is shown in Table 3.
Table 3. Results of TOLT according to age and academic field
Groups

TOLT

First year

2.05

Second year

2.23

Third year

2.91

It is very significant that the results of future third-year pre-school teachers are
very similar to the 14-15 year-old students. If we compare these results with the
Chemistry university students, there is a remarkable difference, 8 to 2.91.
In Table 4 a comparison between the results of first to third-year pre-school teachers and the dimensions that appear in Oliva's study [62] is shown.
Table 4. Results of TOLT five dimensions concerning future pre-school teachers and 14-15
year-old students
Proportional
reasoning

Probability

Control of
variables

Correlative
reasoning

Combinatorial

First year

0.34

0.22

0.12

0.27

0.08

Second year

0.26

0.23

0.10

0.23

0.30

Third year

0.40

0.28

0.11

0.35

0.31

14-15 years old [62]

0.29

0.38

0.13

0.26

0.37

Groups

The youngest students got the best results in probability, control of variables and
combinatorial. Third-year students achieved the best results in proportional reasoning
and correlative reasoning.
There is a correlation between the TOLT results and reading speed. Better results
in TOLT are related to better results in reading speed.
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8

Conclusions

According to the data obtained, future pre-school teachers have a low level of logical reasoning. They are in the concrete level and obtained similar results to the 14-15
year-old students. Therefore, they will have difficulties understanding and teaching
science in the future.
Concerning logical reasoning, the third-year group had the best results compared to
the first-year's that had the worst. A correlation is observed between the academic
year and the logical reasoning. Moreover, there is a correlation between the reading
speed and the academic year and between the reading speed and their logical reasoning. Therefore, the science subjects may have an effect on these dimensions.
It has been proven that the use of smartphones and the Socrative software can help
assess these dimensions or give useful information to teachers in the classroom. These
technologies might often be used to test if students understand the lesson on a daily
basis.

9
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