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ABSTRACT: In this paper, the characteristics and results of a teaching unit based on the use of educational games to learn the
idea of chemical elements and their periodic classification in secondary education are analyzed. The method is aimed at Spanish
students aged 15−16 and consists of 24 1-h sessions. The results obtained on implementing the teaching unit are assessed with a
focus on the development of students’ understanding of the topics covered and their perceptions toward the role of games in the
learning process. The data collection methods used included a learning assessment test (administered before the unit was started
and one month after completion of the unit) and a questionnaire to assess the students’ learning experience. As a complementary
method to acquire data, the teacher keeps a diary. The main conclusion was that students progressed significantly in the areas of
learning related to knowledge of the Periodic Table and its nature and history, but a lower level of progress was found in the
application of knowledge and the use of evidence to draw conclusions. Furthermore, to some extent, the teaching unit helps to
overcome learning difficulties associated with the study of this subject. In addition, most responses to the questionnaire indicated
that students who followed the teaching unit with games achieved statistically better final results than those in the control group,
who followed a traditionally taught program. A positive assessment was provided by students concerning the role of games in the
proposed unit, and there were also positive perceptions regarding the influence of games on learning and their potential to
encourage participation in the classroom. Finally, this research identifies a new type of educational resource, namely task
involving play (TIP), that can be defined as intermediate between play and game scenarios. The TIPs may include artistic or
technological creations by the student, and they allow the student to play an active role in the learning process. Such tasks help
students to improve their learning through educational games, and they can be perceived as intermediate in terms of their
simplicity, usefulness, attractiveness, and interest with respect to educational games.
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■ PERIODIC TABLE TEACHING

The Periodic Table (PT) is considered to be one of the
cornerstones in the history of chemistry,1,2 and it is an essential
topic in the teaching and learning of science at all educational
levels. From a functional point of view, the PT has come to be
considered as a kind of roadmap of the chemical elements and
their reactivity,3 and it constitutes a basic tool of induction.4

The importance of this topic has made it one of the most
attractive and commonly discussed areas in the chemical
education literature.
A review of the literature shows that most of the research

carried out in this area is focused on historical and
epistemological issues,5,6 with little attention paid to the
difficulties encountered by students in learning this subject.
Thus, with a few exceptions,4,7−16 this field remains relatively
unexplored in terms of research studies at the school level,
despite the importance of the PT in the curriculum for
introductory chemistry courses at the secondary and university
levels.2

The understanding that high school students (16−18 years)
have of the concept of chemical elements and their periodic
classification is rather weak in most cases. The results of a
recent study in Spain indicated a limited degree of progression
in students’ knowledge around the notion of the chemical
elements and their classification during Baccalaureate school-
ing.16 This limited progress can be interpreted by considering
the existence of significant difficulties and obstacles in
understanding the concept of the chemical element in its
different aspects.16 For instance, students often find it difficult
to understand the double meaning of the concept of the
chemical element as a simple or elementary substance that
cannot be broken down into a simpler form or as a collection of
atoms with the same atomic number. Another common
difficulty concerns some atomic properties such as the atomic
volume and electron configuration. A previous study14,15
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carried out by ourselves, in conjunction with Spanish experts in
science education, revealed that the learning difficulties often
encountered by high school students on this topic could be
characterized into seven categories:

(1) attempts to memorize instead of learning
(2) misconceptions in the lesson
(3) misunderstanding of the properties used as classification

criteria
(4) the notion of periodicity and the perception of its

usefulness
(5) complexe nature of concepts related with the PT
(6) the abstract nature of the concepts involved and the

reasoning required
(7) deficiencies in the teaching process.

These experts also suggest that attitudinal aspects related to
the student’s motivation for the topic could have an influence
on the difficulties encountered. Given these difficulties, any
teaching approach should focus on achieving a greater degree of
student involvement and intellectual commitment to learning.
This could be achieved, for example, by motivating students
and highlighting their learning through the use of educational
games, as proposed in this research.17−19

In addition to the studies outlined above, in recent years, a
large number of educational approaches have been proposed
for the teaching of the chemical elements and the PT at
different educational levels (see review20,21). Many of these
approaches involve the use of a variety of educational games
and other recreational resources such as a range of puzzles,
board games, word games, card games, bingo, computer games,
etc.22 The activities based on games are augmented by other
strategies that do not rely on games per se but involve the use
of a playful setting. The design of this type of approach is
valued by teachers as it fits well with their desire to seek new
and motivational ways of teaching this subject.9 However,
educational innovation should always be accompanied by a
critical analysis of the changes that are made as well as a
rigorous evaluation of the relevance of such changes. As a
consequence, it is of great educational value to carry out
systematic investigations into the effects produced by the use of
new resources and to develop strategies to improve the
teaching and learning of this topic. In this respect, the novel
aspect of the research presented in this paper concerns the
design of a teaching unit focused on educational games to learn
about the PT and a study to evaluate its implementation in the
classroom. The unit described here was aimed at Spanish
students aged 15−16, corresponding to 10th grade.

■ THEORETICAL FRAMEWORK

Role of Games in the Learning and Teaching of Science

The use of games as a tool to enhance learning has been widely
explored in the field of chemistry education,23 and this
approach has often been used to teach preschool and
elementary age in particular. However, research into game-
based approaches for secondary school students and adults is
far less common.
The concepts of play and educational games are very difficult

to define as they depend on numerous transient, contradictory,
and context-dependent qualities. Play is often defined in terms
of its opposite, that is, serious work.24 The commonly accepted
boundaries are often broken or blurred during play and, as
such, it can be difficult to differentiate between work and play.25

It has been proposed that the process of learning requires both

of the aforementioned conditions,26 and these include the
formal and informal knowledge, with activities often involving
play. Chazan27 suggested that “Play occupies a realm outside of
everyday events. It has to do with imaginings and trial action.
Anything is possible.” The definitions outlined above, among
others, highlight how play can be considered in a number of
different ways. Despite the variety of definitions of “play”,
Henricks28 defined the main characteristics as follows: (1) Play
is an experience; (2) it has intrinsic rather than extrinsic
motives; (3) the process is more important than the outcome;
and (4) it involves some level of active engagement.
Game studies make a distinction between play and game,29

usually tied to Caillois’ concept of paidia and ludus as two poles
of play activities.30 Whereas paidia (or “playing”) denotes a
more freeform, expressive, improvisational, even “tumultuous”
recombination of behaviors and meanings, ludus (or “gaming”)
captures playing structured by rules and competitive strife
toward goals. Dempsey et al.31 define game as “a set of
activities, involving one or more players... (with) goals,
constraints, payoffs, and consequences... is rule-guided... (and)
involves some aspect of competition is with oneself”. According
to Salen and Zimmerman,32 a game is a “system in which
players engage in artificial conflict, defined by rules, that results
in a quantifiable outcome”. Hence, any game has a challenging
component in terms of the rules and purposes by raising either
a personal challenge or a competitive drive.33

The definitions of what constitutes play and game are very
broad. However, the qualities outlined above to define playful
activities are closely related to some aspects of good practice in
learning theory and teaching.34 Play is perceived as being
beneficial in the development and promotion of creativity,
imagination, and spontaneous learning.35−37 Such creative skills
are best developed using a range of approaches so that students
can explore issues from different perspectives.
According to Torres,38 the use of educational games can also

encourage and stimulate certain moral qualities in students such
as self-control, honesty, safety, attention and concentration on
the task, reflection, the search for alternative ways to win,
respect for the rules, initiative, common sense, a sense of
solidarity with colleagues, and, above all, fair play. Torres38 also
believes that games introduce competition as a stimulus for
learning.
Some researchers argue that the fundamental motivation for

all game is to learn, and it is a safe way to learn,39 because
games are effective substitutes for traditional classroom
activities in educational settings of all levels.40,41 Educational
approaches based on game lie within a constructivist theory of
learning.42 A requirement of constructivism is that students are
challenged, meaning that they engage at times with knowledge
that is considered difficult. Such challenges enable each student
to construct their own knowledge but will also require
alternative teaching methods. One of the possible ways to
engage students and facilitate learning involves the use of
educational games.
One of the fundamental aspects of education and the

building of knowledge is critical thinking.43,44 In this respect,
students can arrive at the truth for themselves by carrying out
activities and then applying reason, that is, sensation and then
reflection. The application of approaches that involve play or
game in education may require activity and sensation, but
learning cannot necessarily be achieved by experience alone,
and critical thinking is required to turn the experience into
learning.
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Games are also commonly used to raise levels of interest and
to ensure that students participate actively in the learning
process. Indeed, Orlik19 carried out a comprehensive study on
active methodologies for the teaching of science in general, and
chemistry in particular, and found the use of games to be one of
the most important approaches. In fact, an inherent character-
istic of games is the challenging nature of their rules and aims,
which often consist of a personal challenge or some competitive
goal.
From the point of view of education, even when games are

employed in academic activities, the pleasure or recreation must
primarily be a didactic function. Games can act as a bridge to
unite the formal teaching of science with science in more
informal settings.45 For instance, Mondeja et al.46 defined a set
of qualities and requirements that games must have to make
them useful in the development of teaching and learning:

(1) Games must help to boost the activity of students in a
variety of ways within the organization of teaching and,
once motivated, the students must develop their
cognitive activity, thus consolidating their learning in
an active way.

(2) Games must indirectly improve the efficiency of the
educational process as they require more reflective
activity by the teacher.

(3) Games must be carried out in a well-planned manner in
keeping with the educational targets and their
implications in the classroom.47

On the other hand, the cognitive potential of computer and
video games has been largely ignored by educators.48 Recent
years have seen a rapid proliferation of mass-market consumer
software that takes inspiration from computer/video games.
This trend is known as “gamification” or the use of game design
elements in nongame contexts.29 As a consequence, the
popularity of educational games that involve contemporary
digital technology applications has transcended entertainment
crossing into the world of education49,50 offering new
educational possibilities.48,51,52 According to Gee,53 “computer
and videogames incorporate a whole set of fundamentally
sound learning principles, principles that can be used in other
settings, for example, in teaching science in schools”.
In this context, methods based on play, game, or videogames

are particularly applicable as they encourage and facilitate
alternative ways to view a given topic. Moreover, the use of
educational games could improve the students’ motivation in
chemistry education and thereby contribute to the development
of positive perceptions toward science, which is an essential
aspect of the learning of science in general and chemistry in
particular.54,55 Indeed, it is recognized that cognitive processes
are highly influenced by feelings and emotions,56 and, as a
result, there is a profound relationship between emotional
variables and the learning process.57 It is evident that attitudes
play an essential role not only in learning science at a basic
level, but they are also a key factor in the development of
scientific vocations among students.58

In short, the acquisition of knowledge through games arises
from opportunities to create and develop a range of mental
structures,59 thus opening the way to the development of
abstract thinking.36,60 Additionally, we can consider that games
are an inherent part of a constructivist theory of learning, they
can generate student motivation, and they require experience
and reflection as part of the learning process. In this respect,

educational games can be a powerful tool in the learning
process for students.
Educational Games for the Teaching of the PT

With the assumptions described above as a starting point, many
teachers have designed a variety of different games to enable
students to learn chemistry. The use of games has spread
throughout the educational stages from high school to
university.46,61−69

If we focus on the teaching of the PT, Franco-Mariscal,
Oliva-Martińez, and Bernal-Maŕquez20,21 carried out a thorough
review of the literature with the aim of categorizing the different
teaching approaches that involve the use of educational games
to teach this topic. These authors identified two large groups
based on the content considered: first, approaches that rely on
games for knowledge and familiarity with the PT and, second,
approaches aimed at the understanding, application, or use of
the PT. The role of games in the first group is associated with
resources aimed at memorizing the names and symbols of the
most important chemical elements and their arrangement in
periods and families. These resources include word formation
games,70−73 anagrams,74 crosswords,68,75 card games,62,67,76

mnemonic rules,77 drawings,78,79 songs,80 three-dimensional
cutouts,81 and contexts in the daily life.82 The second set of
teaching resources has deeper aims that go beyond memorizing
the names and chemical symbols, and these are related to the
understanding and study of the PT. Franco-Mariscal, Oliva-
Martińez, and Bernal-Maŕquez21 classified the issues raised by
this type of resource into the following five topics: (1) the
etymology of the chemical elements and their identification in
everyday life,83 (2) the macroscopic physical and chemical
properties of the chemical elements,84 (3) the various models
of the atom and atomic properties,85,86 (4) the idea of
periodicity and different attempts to classify the chemical
elements throughout history,87,88 and (5) other more general
topics.89,90

■ METHODS

Purpose of the Investigation

This study is specifically aimed at exploring the student’s
learning through the use of games as educational instruments in
the chemistry class. To evaluate the effect of the use of
educational games with Spanish secondary school students
(15−16 years old), a teaching unit was designed that focused
on this type of learning resource for the chemical elements and
the PT. The unit was developed as part of a doctoral thesis91 at
the University of Cad́iz (Cad́iz, Spain). The main novel feature
of this work is the use of a variety of different games
incorporated into a single teaching unit to provide a context of
rich and intense education from which the role of educational
games in learning could be investigated. This approach
contrasts with most literature references on games, which are
typically used in isolation, and offers the ability to motivate
students and retain their attention throughout the course,
which is expected to have a positive impact on learning.
Furthermore, the games are resources that serve as content-
related learning goals. Indeed, the games have been developed
to create a climate of participation, involvement, and
motivation for the students in an effort to help overcome the
view that the PT is an arid and complicated issue14 as precieved
from a transmissive teaching approach.
Therefore, the main objective of the research is to evaluate

the effect produced on learning by the integration of a wide
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range of games in a teaching unit on the PT. This is embodied
by the following research questions:

(1) What knowledge do students have before and after
experiencing the teaching unit on the PT?

(2) Are there differences in the knowledge shown by
students who have followed this teaching unit relative
to others who have followed a more traditional teaching
method?

(3) What are the perceptions of students concerning the
influence of games in learning chemistry?

Sample of Students

Two samples of Spanish students were employed to answer the
three research questions. The first sample (the experimental
group) attended the teaching unit on the PT that incorporated
games, while the second sample (the control group) followed a
traditional teaching approach.
The experimental group was composed of 38 10th grade

students from a rural public secondary school in southern
Spain. This sample consisted of two groups of pupils containing
17 and 21 students, respectively, who were enrolled in the
teaching unit during 2008−2009 and 2009−2010. A total of
55.3% of the participants were male, and 44.7% were female.
The students’ ages ranged from 15−16 years. They were
enrolled in a chemistry course as an optional subject in the final
year of compulsory secondary education, had received
chemistry preparation in the previous year, and intended to
study science options in the future. The profile of the students
showed that they had similar characteristics in terms of their
academic performance in science and in their attitudes toward
study. The students were taught by the same teacher, who also
served as a researcher and observer, as in numerous research
studies focused on educational practice92 where a real situation
is studied in a natural context in an effort to understand and
interpret the learning process.

The subjects for the control group were 67 10th grade
students from three different secondary schools in Spain with
similar characteristics to the experimental group. The study was
conducted in the academic year 2009−2010.16 A total of 49.2%
of the participants were male, and 50.8% were female.

Data Collection and Analysis

A variety of techniques and tools were used to collect
information. The sample is relatively small because our aim
was not only to gather quantitative data to allow comparisons
to be made before and after the unit, but also to provide
qualitative in-depth data on the overall process, although a
discussion of this is beyond the scope of this article. In this
study, the data from two of the questionnaires (Questionnarie 1
and Questionnarie 2) are discussed in particular. The aim of
Questionnarie 1 was to evaluate the knowledge of students
before starting the unit and one month after completing the
unit, while the focus of Questionaire 2 was to assess the
perceptions of students regarding their learning from the
resources employed. Questionnaire 1 also served to compare
the knowledge acquired by students in the experimental group
and the group control.

Questionnaire 1: Assessment of Learning

Questionnaire 1 was validated in a previous study.16 This
consisted of 14 items that involve learning the four areas that
are considered important in learning science:93 the acquisition
of scientific knowledge (K), the application of knowledge to
different contexts and situations (A), the use of scientific
evidence to draw conclusions (U), and knowledge about the
nature and history of science (N). These aspects all form part
of the science assessment in PISA.94 Overviews of each of the
items, along with the corresponding learning area, are
summarized in Table 1, adapted from ref 16.
The students from the experimental group answered the

questionnaire before taking part in the teaching unit (pretest),
as an initial test to determine the starting level and to make

Table 1. Items in the Assessment and Their Relationships with Learning Areasa

Item Learning Area and Tasks

Acquisition of Scientific Knowledge (K)
1 What do you think differentiates an element from a chemical compound?
2A Give the names and symbols of five metallic chemical elements
2B Give the names and symbols of five nonmetals
5A List some properties that distinguish elements from one another
Application of Knowledge in Different Contexts and Situations (A)
4 A large proportion of the chemical elements form part of objects and materials that are present in our daily lives. Try to identify all the chemicals you know (up

to a maximum of ten) along with the materials or objects in which they are present in items that you have at home. It does not matter if the elements are
components of chemical compounds

6 Classify the following elements according to their similarities to one another: sulfur, hydrogen, fluorine, sodium, calcium, oxygen, chlorine, copper, silver,
potassium. Explain your criteria for grouping the elements

9 List the following atoms in ascending order of size and explain the reasons for the order given: oxygen, hydrogen, uranium, iron, chlorine
10 With the help of the Periodic Table, can you state how many protons, electrons and neutrons there are in an atom of iron? Give an explanation
12 Explain why chlorine tends to form negative ions (Cl−), while sodium forms positive ions (Na+)
Use of Scientific Evidence to Draw Conclusions (U)
3 Imagine a spaceship that takes you to a faraway place in the universe. Do you think you would find the same chemical elements as on Earth? Or do you think

there would be other totally different elements? Give an explanation.
5B Do you think there are elements that have similar properties to each other? Why?
11 The element chlorine has an atomic mass of 35.45 amu. Why is this value not an integer unlike the mass numbers of other elements?
Understanding the Nature of Science (N)
7 How old do you think the Periodic Table is? Do you think that it has always had the same form and structure or do you think that it has changed?
8 Do you think that the Periodic Table is able to explain everything relating to the atoms or does it have its limitations? If “yes” give reasons and if not give some

of the limitations and defects that you know
aAdapted from ref 16.
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medium-term comparisons, and also after of completing the
unit (post-test) to their final level of knowledge and progress.
Taking advantage of the winter break, the post-test was
administered a month after the completion of the unit with the
aim of assessing longer term learning rather than just short-
term recall. The students from the control group answered the
same questionnaire one month after completion of their
studies.
The responses of the students in the pretest and post-test

were evaluated by establishing a system of categories with three
levels: inappropriate or blank, partially appropriate, and
appropriate, that were quantified on a scale of 0, 1, or 2
points, respectively. Some examples and criteria of partially
appropriate and appropriate student responses are provided in
Table 2.16 Although it was initially intended to evaluate
separately each of the four factors in Table 1, the corresponding
reliability values were fairly low. This situation suggested that it
would be better to analyze the results for each item separately
or to make a joint assessment of all items on the questionnaire
because, in this case, the reliability was acceptable. Reliability
estimates (Cronbach’s alpha) were 0.72 and 0.70 for the pretest
and post-test, respectively, for the experimental group, and 0.73
for the control group.
The data were processed with the statistical software package

SPSS 21.0 using nonparametric tests (Wilcoxon and
Kolmogorov−Smirnov) to compare groups. The Wilkoxon
test was used to verify the existence of significant differences in
the quantitative comparisons between pretest and post-test in
the experimental group. This test is suitable to evaluate changes
in ordinal distributions in related samples such as those used in
this study, in which students repeated an identical questionnaire
at two different stages of the investigation. The aim of this test
is to analyze whether significant differences result from the
application of the educational method in question. The
completion of the post-test one month after the implementa-
tion of the unit also allowed us to assess whether the acquired
learning was stable and durable. The Kolmogorov−Smirnov
test was used to verify the existence of significant differences in
the quantitative comparisons between experimental and control
groups.

Questionnaire 2: Assessment of Students’ Perceptions
Concerning the Use of Educational Games

The feedback provided by the students showed that they were
more willing to learn through the game-based approach. Several
questions concerning students’ perceptions of the unit were
adderessed. How did the students find their experience with the
unit? Did they see the unit as relevant and interesting, and why?
To achieve this goal, the students answered a questionnaire
(Questionnaire 2) at end of the unit on learning chemistry
through games, with the intention of determining their
perceptions about their own learning process and to assess
the utility of games and activities in terms of their interest in the
subject matter.
The questionnaire consists of two parts. The first part

contains 13 items in which students assess their level of
agreement or disagreement with the proposed statements on a
Likert scale with 5 options (strongly disagree, disagree,
undecided, agree, strongly agree). These items address three
areas regarding games in general: their influence on learning,
the stimulation of classroom participation, and their qualities as
educational resources. Each area is related to different value
judgments, some positive and others negative, to avoid any

systematic bias in responses. The responses of the students to
this part of the questionnaire provided some judgements on the
role of games from a cognitive learning point of view (e.g.,
“Educational games have helped me to gain a better
understanding of the chemistry content”, item 3). However,
other items on the questionnaire reflect contributions from an
emotional standpoint, which in some cases offers a way to
evaluate the attitude of students toward the games employed
(e.g., “I found the educational games that we used attractive”,
item 5) and to chemistry classes in others (e.g., “By using
educational games some chemical content has been made
interesting and even enjoyable subject matter”, item 10). This
part was validated in a previous study.33 The resulting scale
showed a Cronbach-alpha coefficient of 0.80 for this study.
The second part of the questionnaire involves an individual

assessment of each of the games used in the teaching unit. In
this context, the students scored each of the educational games
and tasks involving play on a scale from 0−10, and they chose
the two best and worst rated games according to some of their
percieved qualities (simplicity, usefulness, attractiveness, or
interest).
Diary of Observations

Also, a teacher-observer’s diary was used to record two different
aspects: (1) how each session progressed, and faithful
approximations of the discussions that took place during
them, based on field notes; and (2) reflections on the teaching
and learning processes that were taking place.

■ TEACHING UNIT AND ITS IMPLEMENTATION

Unit on the PT Based on Educational Games

The teaching approach adopted in the unit can be classified as
within a socio-constructivist framework,42,95 in which the
student plays an active, participatory role, being engaged in
the learning process. This participation was channeled through
games seeking to stimulate cooperative work within groups and
the competition between groups.
The teaching unit incorporates a variety of materials and

tasks in which educational games have a central role above
more traditional activities. In this approach, three types of tasks
can be distinguished: educational games (EGs), tasks involving
play (TIPs), and other tasks (OTs). In this research, an EG is
understood to be a recreational task governed by a set of rules
and purposes and competitive strife toward goals, according to
the definitions of game of Caillous,30 Dempsey et al.,31 Salen
and Zimmerman,32 and Mondeja et al.46 Some educational
games are traditional games (puzzles, card games, etc.) that are
adapted to the educational level or, alternatively, they can be
educational resources (webquest) that are presented to the
student as a game. TIPs scenarios are intermediate between
play and a game, and they can include some sort of artistic or
technological creativity by the student and offer them a more
active role. Some such tasks involve drawing or building a
model. Furthermore, some of the educational games or tasks
involving play are related to the daily lives of the
students,76,88,96 and the aim of these was to foster teamwork.
Finally, there are other tasks in the teaching unit that do not
adhere to the characteristics outlined for the previous two
categories. These tasks include making a chart, answering
questions after reading, or creating a video summary.
Most of the games described in this unit were designed by

the first two authors of this paper, and some others were taken
from the literature. In designing each activity, the authors took
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into account the learning difficulties14,15 often encountered by
high school students on this topic, which are characterized
within the theoretical framework. Previously, the games
selected had been assessed by the authors in an individual
way with different groups of students to obtain empirical
evidence76,82,90,97 according to the criteria suggested by
Mondeja et al.46 to improve learning.

Learning Aims of the Unit

The unit addresses the four learning areas (K, A, U, N)
discussed above. The objectives associated with each of the
learning areas are presented in Table 3.

Content of the Unit

The content of the unit is summarized in Figure 1. The areas of
learning associated with each game are indicated along with the
type of task used: educational game (EG), task involving play
(TIP), and other tasks (OT).

It can be seen that the unit addresses the PT from two
perspectives: macroscopic (chemical element) and submicro-
scopic (atom). The macroscopic view concerns the names and
symbols of the chemical elements, their grouping into families,
the presence of chemicals in the environment, the universality
of the elements, some physical and chemical properties of the
elements (melting point, boiling point, and electrical
conductivity), and the various attempts to classify elements
throughout history (Lavoisier, Döbereiner, Newlands, De
Chancourtois, and Mendeleev). The submicroscopic perspec-
tive addresses the characteristics that identify an atom (atomic
number, mass number, and atomic mass), the constituent
particles, some atomic models (Dalton, Thomson, Rutherford,
and the shell model), and some submicroscopic properties
(atomic volume and the ability to capture or lose electrons).

Table 3. Objectives for the Different Learning Areas

Learning
Area Objective

K K1. To understand the idea of chemical element, as a species of atoms, all atoms with the same number of protons in the atomic nucleus, and as a pure
chemical substance composed of atoms with the same number of protons in the atomic nucleus.98

K2. To know the names and symbols of chemical elements and main groups of the PT. To recognize the importance of using universal symbols for the
identification of chemical elements.

K3. To know some useful physical and chemical properties (e.g., melting and boiling points, electrical conductivity) to classify the elements.
K4. To know some basic properties of the chemical elements (atomic number, mass number, atomic mass, isotopes, octet rule) and their relationship with
the periodic classification.

K5. To know what a model is and understand atomic models (Dalton, Thomson, Rutherford and shells).
A A1. To identify some chemical elements in the surrounding materials and to appreciate the importance of chemistry in daily life.

A2. To analyze data from the PT to infer the atomic structure.
A3. To infer the trends of atomic properties.

U U1. To identify the universality of the chemical elements.
U2. To interpret and predict the stability of atoms and their chemical reactivity.
U3. To answer questions about the constitution and properties of the elements.
U4. To propose a model from experimental data.

N N1. To estimate the limitations and open-to-revision nature of the present form of the PT of elements.
N2. To appreciate the usefulness of scientific models, to explain and predict events and phenomena, and to recognize the strengths and limitations of
classifications of elements and atomic models (Dalton, Thomson, Rutherford, shells and the PT itself).

Figure 1. Content of the unit on the PT and its relationship with the learning areas and type of task employed.
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Teaching Sequence

An overview of the teaching sequence is given in Table 4 along
with details of the tasks: type, learning area, objectives, learning
difficulty to be overcome, description, and how the work is

carried out (individual, I; pairs, P; small group, SG) by students
in the classroom.
It can be seen from Table 4 that a broader spectrum of

educational games including both traditional (various puzzles,

Figure 2. Examples of type of tasks in the teaching unit.

Figure 3. Outside and inside of two containers (top); student worksheet (bottom).
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cards games, bingo, simulation of soccer competition, and a
game in which marbles and containers with hidden objects are
used) and digital technology-driven educational games (a
variant of Tetris, simulations, and webquest) is used in this unit.
The tasks involving play include the production of drawings
and murals, building a model, practical work to measure the
conductivity of everyday materials, and the calendar task, which
involves putting everyday situations in the form of a challenge.
Some examples of each type of tasks are shown in Figure 2.

Implementation in the Classroom

The teaching unit was implemented in two courses given to
two classes of students aged 15−16. The unit was run over 24
sessions of 1 h, with three sessions per week in the period
between October and December, including an initial session to
assess the previous knowledge of the students and two sessions
for evaluation. Most sessions took place in the classroom,
although some were carried out in the laboratory if the task
required space to work or computers with Internet access. The
sessions with EGs and TIPs were structured in three parts: (1)
an introduction by the teacher to explain the chemical
knowledge and the objectives of the game and its rules, (2)
the way in which the game or TIP develops (either individually,
in pairs or in small groups), and (3) sharing information with
the wider group to relate the characteristics of the game with
the chemical knowledge involved. This aspect was particularly
important so that the students were conscious of the transfer of
knowledge about the PT through the use of games. Although
the tasks were designed to foster collaboration and teamwork
between students, in some cases, a level of competitiveness
between different groups of students was observed.

Description of Rutherford’s Experiment Educational Game

To provide the reader with an overview of how learning the
knowledge of the PT through games worked in the classroom
and to understand how students would be stimulated, a
description of “Rutherford’s Experiment Educational Game” is
presented below.
In this game, three areas of learning are addressed, and these

concern atomic models: (1) acquisition of scientific knowledge
(K) (knowledge of what a model is and an understanding of
Rutherford’s atomic model) (K5), (2) the use of scientific
evidence to draw conclusions (U) (propose a model from
experimental data) (U4), and (3) knowledge about the nature
of science (N) (to appreciate the usefulness of scientific models
and to recognize the strengths and limitations of atomic
models) (N2). This game involves a simulation of Rutherford’s
experiment at the macroscopic level. Bombardment with alpha
particles is replaced by the release of glass marbles, and gold foil
is replaced by a container with a hidden object secured between
two boards. The aim of the game is to define the shape and size
of a hidden object after throwing marbles at various angles into
the container. This goal is achieved by analyzing the trajectory
of the emerging marbles after passing through or bouncing off
the hidden object. The activity is inspired by the famous work
on black boxes by Haber-Schaim et al.,105 which was proposed
to provide an analogy between the process of inquiry aimed at
finding out the hidden contents of a locked box and the
investigative process carried out by scientists to develop
models. It is this analogy that allows inferences to be made
about the nature of the models from metacognitive reflection
on the work carried out with the black box. In this context, and
given that the box or container can never be opened by the
student, it is easy to understand the tentative, approximate, and

incomplete nature of any scientific model, while working with
such a model does allow explanations and predictions within
certain limits.
The equipment required for the game was designed by the

first two authors of this paper and consists of five containers
(each 22 × 22 cm2). One of the following geometric figures is
fixed inside each container: a square with sides of 10 cm, an
equilateral triangle with sides of 10 cm, a circle with a radius of
5 cm, a circle with a radius of 3 cm, or two rectangles (10 × 2.5
cm2) with a 5 cm gap between them. To facilitate the student’s
work, the top cover of the container has a numbered grid
(Figure 3). The student worksheet also contains a similar grid
so that students can note how the marbles enter and exit the
container.
The educational game was played in a 1 h session in the

laboratory as it required the use of large tables. The laboratory
is divided into five rotating positions, one for each of the
containers containing the different shapes, with students
changing position every 10 min. The students worked in
groups of four.
First, the teacher introduced the game and demonstrated its

use. The students immediately showed great enthusiasm and
very quickly started to play the game, a fact that demonstrates
the high level of interest aroused. The instructions were clear
and easy, and it was evident that the students understood them.
Thus, the students quickly developed a strategy to score throws
on the numbered grid by crossing out the corresponding row if
the marble had passed through in a straight line, which
indicated that an object was not present.
The levels of involvement, interest, and commitment of the

students in this task were confirmed by the following
observations made by the teacher in their research diary:
“The students were honest and did not look inside the
containers”. This aspect was confirmed when several groups of
students asked at the end if their solution was correct and also
by a statement made by a student at the end of the class: “The
best thing was to discover what was inside”. Further evidence of
the involvement of students was the consistent level of interest
of the students throughout the session. Furthermore, students
did not complain about repeating the same type of game five
times, but a proportion of the students did not have sufficient
time to identify all of the objects. One example of this was that
once the class had finished, a group of students remained in the
classroom to identify the last shape, and when the teacher asked
them to leave the students responded: “We want to find out
what it is!”.
Another positive aspect that is worth highlighting was the

collaboration observed between students in each group on the
distribution of releases and their work to fill the record sheets
on the input of new trigger points and reaching a consensus on
the nature of the hidden object.
Finally, the game was also helpful for most students to

enhance their understanding of what constitutes a scientific
model and how it is produced. This was shown by the fact that
although only 20% of the groups were able to correctly identify
the five objects, most students were able to deduce the nature
of all the objects, albeit not always with the correct dimensions.

■ RESULTS OF THE STUDY

In this section, the results of the analysis with respect to the
learning of the PT and the students’ perceptions are presented.
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Learning of the PT (Question Research 1)

The percentages of appropriate and partially appropriate pretest
and post-test responses (Table 5) obtained for the experimental
group in the learning assessment are discussed below for each
of the tasks and learning areas. For each item, the nature of the
task employed is also indicated using the letter code described
above.
The Wilkoxon test was used to verify the existence of

significant differences in the quantitative comparisons between
pretest and post-test in the experimental group. It can be seen
from the data in Table 5 that, in general, the implementation of
the teaching unit in the experimental group improved the
percentage of appropriate responses for all items and also led to
an increase in partially appropriate responses between the
pretest and post-test. It can also be observed that the
differences in pretest and post-test results are significant in all
cases with the exception of items 1, 9, and 11, that is, those
tasks that are not related to games. Furthemore, the mean
values obtained for this scale were 10.8 ± 0.7 for the pretest
and 18.5 ± 0.5 for the post-test. The nonparametric Wilcoxon
test to evaluate the difference between paired (dependent)
samples showed significant differences between groups, thus
indicating a statistically significant evolution in knowledge (Z =
−5.320, p = 0.000).
In particular, the positive contribution of the unit concerned

the learning of aspects related to knowledge of the PT (K) and
its nature and history (N), where the students understanding
evolved in a more meaningful way. This is the case for items
related to the acquisition of knowledge of the PT through
discrimination between metallic and nonmetallic elements
(items 2A and 2B), some aspects of the nature of the PT

model, such as its changing and evolving nature (item 7), and
the existence of limitations in the system for the classification of
the elements (item 8).
Moreover, although positive results were observed for some

learning tasks related to the application of knowledge (A) and
the use of evidence (U), the improvement in all of these cases
was usually lower than in those areas highlighted above. Several
items with very positive results were found within the scope of
application (A), particularly those related to the identification
of elements in the immediate environment (item 4) and the
calculation of the atomic composition of elements (item 10).
However, little or no progress was found in explaining the
arrangement of different atoms in terms of their size using the
shell model and its relation to the electronic configuration
(item 9). In addition, improvements in learning were not found
in the proportion of fully correct responses for item 6, which
concerns the different criteria for metallic or nonmetallic
character to classify elements with similar properties, or in the
reasoning of students to explain the stability of the elements
and their electronic configurations (item 12). Regarding the use
of scientific evidence (U), there was no discernible progress in
conceptualizing elements as a mixture of isotopes and,
consequently, in explaining the inexact value for the atomic
mass (item 11).
The items for which significant differences were not obtained

are associated with three learning difficulties: misconceptions in
the lesson (difficulty 2), complex nature of concepts related
with the PT (difficulty 5), and the abstract nature of the
concepts involved and the reasoning required (difficulty 6). It
should be noted, however, that the same difficulties do appear
to have been overcome in other items in which they were also

Table 5. Distribution of Percentages of Appropriate and Partially Pretest and Post-test Responses in the Experimental Group
and Wilcoxon Test To Evaluate the Differences

Pretest (%) Post-test (%) Wilcoxon Test

Item Learning Area and Tasks
Learning
Difficulty Appropriate

Partially
Appropriate Appropriate

Partially
Appropriate Z (df = 2)

p-values
(N = 38)a

Acquisition of Scientific Knowledge (K)
1 (OT) Differentiate between element and chemical

compound
2, 5 5 74 13 74 −1.897 NS

2A (EG) Identify names and symbols of a series of metals 1 34 16 74 13 −3.536 0.000
2B (EG) Identify names and symbols of a series of nonmetals 1 18 21 63 16 −3.707 0.000
5A (EG) Properties that distinguish elements from one another 3, 5, 6 66 13 95 3 −2.944 0.003
Application of Knowledge in Different Contexts and Situations (A)
4 (TIP) Identify chemical elements in materials in the

environment
1, 2 21 63 63 34 −3.424 0.001

6 (EG) Classify a series of elements based on their properties 3, 5, 6 55 32 89 8 −3.090 0.002
9 (OT) Sort a series of elements in order of descending atomic

volume
5, 6 0 74 3 92 −1.291 NS

10 (EG) Determine the atomic composition of a series of
elements

2 0 5 50 34 −5.025 0.000

12 (EG) Predict the most stable ions of two elements (sodium
and chlorine)

4, 5, 6 0 42 5 66 −3.357 0.001

Use of Scientific Evidence to Draw Conclusions (U)
3 (OT) Are the same chemical elements anywhere else? 2, 5 3 66 16 84 −3.710 0.000
5B (TIP) Explain trends in the properties of the elements 3 37 24 76 8 −2.200 0.028
11 (OT) Interpret the atomic masses of elements using the

concept of isotopes
2 0 5 0 10 −0.816 NS

Understanding the Nature of Science (N)
7 (TIP) Indicate the static or progressive nature of the PT and,

where appropriate, describe the changes
4, 6 42 34 84 13 −3.806 0.000

8 (TIP) Indicate the definite or limited character of the PT
and, where appropriate, discuss the limitations

4 0 45 71 26 −5.273 0.000

aStatistically significant differences: p < 0.05; NS indicates no significant differences from a statistical point of view.
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evaluated. For example, difficulty 2 appears to be partially
overcome with items 3, 4, and 10, whereas difficulty 5 was
overcome to some extent in items 3, 5A, 6, and 12. Challenge 6
also led to improvements in student responses for 5A, 6, 7, and
12. Finally, improvements were obtained in all items related to
the remaining difficulties. It can therefore be stated that the
teaching unit contributed, at least to some extent, to
overcoming the learning difficulties outlined above.
A very interesting relationship was found between the

learning results and whether or not the use of games was
involved in the tasks. The results show that tasks involving both
educational games and play help students to improve their
learning of the PT. However, it is clear that the majority of the
topics that involved the use of other tasks (items 1, 9 and 11)
gave rise to the worst results as significant differences were not
found in these cases. Despite the aforementioned limitations in
the type of learning promoted by the use of games, one must
consider that the learning acquired appears to be quite stable
and durable for a large number of students who took part in
this study. This knowledge was retained one month after
completing the unit, especially in the areas that concerned
knowledge (K) and the nature of science (N).
This finding indicates that the teaching unit contributed

substantially to student learning, and it can be inferred that the
use of a game-based approach is likely to be a beneficial
resource for the learning process. Other factors that could have
contributed to the progress made by students in the
experimental group are active and participatory role that the
students have, the collaborative work developed within groups,
or even the very structure and sequence of content planned for
the teaching unit. It is possible that progress was due to a
combination of these factors, which together would form an
ideal setting for the games employed and the development of
their potential.

Comparing Experimental Group with Control Group
(Question Research 2)

The data in Table 6 allow a comparison of the final level of
knowledge obtained by students who completed the teaching
unit with games (experimental group) and that achieved by
other students who followed a more traditional teaching
approach (control group).16 The Kolmogorov−Smirnov test
was used to verify the existence of significant differences in the
quantitative comparisons between groups.
It can be seen that in eight of the 14 test items, the

differences between groups are statistically significant and in all
of these cases in favor of the experimental group. Although
there are significant differences in items in the four areas, it is
worth highlighting area N, in which these differences include
the two items in the test. These data suggest that students who
followed the teaching unit that incorporated educational games
performed better than those who were taught by traditional
methods. These differences may be due to the benefits
associated with the games used, but this conclusion is not
unequivocal since in our design a pretest was not carried out on
the control group so their starting level is not known in
comparison to the other students. However, it seems
reasonable to consider that the initial levels of both groups of
students were not dissimilar.

Students’ Perceptions (Question Research 3)

The opinions of the students on the role of games in learning
were analyzed from the data obtained in the assessment
questionnaire 2. The percentages of students who agreed or
strongly agreed for each of the 13 items addressed in the first
part of the questionnaire are listed in Table 7.
First, it should be noted that the educational games

employed in this study were positively received by students
in all three areas considered, as most of the items had high
positive percentage scores and low negative percentages.

Table 6. Final Student Performance in Experimental and Control Group and Kolmogorov−Smirnov Test

Control Group (%)
(N = 67)

Experimental Group (%)
(N = 38)

Kolmogorov-Smirnov
Test

Item Learning Area and Tasks Appropriate
Partially

Appropriate Appropriate
Partially

Appropriate Z (df = 2) p-Valuesa

Acquisition of Scientific Knowledge (K)
1 Differentiate between element and chemical compound 1 81 13 74 0.963 NS
2A Identify names and symbols of a series of metals 48 16 74 13 1.276 NS
2B Identify names and symbols of a series of nonmetals 34 22 63 16 1.420 0.036
5A Properties that distinguish elements from one another 54 27 95 3 2.019 0.001
Application of Knowledge in Different Contexts and Situations (A)
4 Identify chemical elements in materials in the environment 63 36 63 34 0.056 NS
6 Classify a series of elements based on their properties 55 19 89 8 1.687 0.007
9 Sort a series of elements in order of descending atomic volume 1 75 3 92 0.398 NS
10 Determine the atomic composition of a series of elements 3 55 50 34 2.315 0.000
12 Predict the most stable ions of two elements (sodium and chlorine) 4 48 5 66 0.926 NS
Use of Scientific Evidence to Draw Conclusions (U)
3 Are the same chemical elements anywhere else? 6 61 16 84 1.617 0.011
5B Explain trends in the properties of the elements 19 24 76 8 1.895 0.002
11 Interpret the atomic masses of elements using the concept of isotopes 3 28 0 10 1.025 NS
Understanding the Nature of Science (N)
7 Indicate the static or progressive nature of the PT and, where

appropriate, describe the changes
47 43 84 13 1.795 0.003

8 Indicate the definite or limited character of the PT and, where
appropriate, discuss the limitations

9 45 71 26 3.058 0.000

aStatistically significant differences: p < 0.05; NS indicates no significant differences from a statistical point of view.
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Influence of the Games on Learning. A total of 92% of
students believed that the use of games improved their
perceptions toward the study of chemistry (item 1), with
82% of students believing that the use of games favored the
learning process (item 3) and 74% indicating that games made
the content more interesting (item 5). Similarly, the games
seem to enhance the level of motivation to study chemistry for
53% of students, as exemplified by the case of Rutherford’s
experiment game. Clearly some of this motivation was extrinsic
in nature (success, better grades, winning the game, etc.), but
there are some indications to suggest that there was also some
intrinsic motivation, which would lead to the development of
positive perceptions toward chemistry and learning.106,107 This
intrinsic motivation is again exemplified by Rutherford’s
experiment game through the interest shown by the students
in carrying out this task and even repeating it several times to
identify the hidden objects in all containers. However, within
this favorable perception of the influence of games in learning
chemistry, one must also recognize the existence of a significant
percentage of students who consider that the chemical content
is difficult despite it being presented through the use of games
(item 2). This finding serves to highlight the importance of the
results obtained with games-based tasks.
Use of Games To Encourage Classroom Participation.

Regarding the second area to be addressed, students agreed that
the use of educational games is successful in encouraging both
individual student participation (79%, item 8) and cooperation
and teamwork (84%, item 9), as demonstrated, for example, in
the case described.

General Qualities of Games. A total of 76% of students
indicated the attractiveness of games (item 10), although 45%
of the students stated that the rules of the games were
confusing (item 13). In contrast, only 55% of the students said
that the rules of the games were easy to follow (item 12). This
aspect can therefore be highlighted as one that requires
improvement.

Evaluation of the Educational Games and Tasks
Involving Play. The results show that the games employed
in this study were well-received by the students, who gave them
an average score of 7 out of 10. Scores for each of the games are
available in the publication by Franco-Mariscal, Oliva-Martińez,
and Bernal-Maŕquez.76 In this sense, the two card games
(Families and Octet) and the World Cup game were the most
highly valued, all with a mean score close to 9. The best and
worst rated games according to some of their perceived
qualities (simplicity, usefulness, attractiveness, or interest) were
chosen by students as well (Table 8).

It can be seen from the information in Table 8 that the most
and least valued tasks were the EGs, whereas the TIPs were
ranked in intermediate positions. The three most highly valued
EGs were also given a high rating in at least two of the four
qualities analyzed. In the case of the two card games (Families
and Octet), the high valuations obtained may be due to their
familiar and attractive nature and the fact that they involved
relatively simple knowledge management such as the names
and symbols of the elements or characteristics of an atom. The
popularity of the World Cup game may lie in the group
(participation of the whole class) and competitive nature of this
game. In addition, this game is based on soccer, which is the
most popular sport in Spain.
At the other extreme are the WebQuest and 50 states puzzle

(see Table 4) games as these received the lowest scores for
virtually all of the qualities analyzed. The 50 states puzzle was
considered to be too simple, unattractive, of little interest, and
ultimately unhelpful. These opinions were all probably caused
by a lack of knowledge of the American states, which represents

Table 7. Distribution of Percentages of Students in
Agreement or Strong Agreement for Each of the Items in the
Evaluation Questionnaire

Item Area and Statement

% of Students in
Agreement or

Strong Agreement

Influence of the Games on Learning
1 The use of educational games makes it easier

for me to study chemistry
92.1

2 The ideas in chemistry involved in the games
seemed difficult

60.5

3 Educational games have helped me to gain a
better understanding of the chemistry content

81.6

4 I do not find educational games to be an
appropriate way to learn chemistry

7.9

5 By using educational games some chemical
content has been made interesting and even
enjoyable subject matter

73.7

6 Despite the use of educational games, I
definitely do not like chemistry

44.7

7 Educational games have contributed to me
seeing chemistry as an important area in my
life

52.6

Use of Games To Encourage Classroom Participation
8 Educational games have allowed me to become

much more involved and participate in
classroom tasks

78.9

9 Game-based activities helped students to work
as a team

84.2

Quality of Games as an Educational Resource
10 I found the educational games that we used

attractive
76.4

11 I think that educational games are very boring 23.7
12 The rules of the educational games were simple

and easy to follow
55.3

13 Some educational games have confusing rules.
Nobody knew what we should do

44.7

Table 8. Best and Worst EG or TIP Tasks Rated by Students
According to Their Qualities

Valuation
Level Qualities Title Type % Studentsa

Most valued Simplicity Families card game EG 45
Octet card game EG 40

Usefulness Soccer World Cup
game

EG 29

WebQuest EG 29
Attractiveness Soccer World Cup

game
EG 42

Families card game EG 42
Octet card game EG 37

Interest Soccer World Cup
game

EG 42

Octet card game EG 29
Least valued Simplicity WebQuest EG 71

50 states puzzle EG 42
Usefulness 50 states puzzle EG 40
Attractiveness WebQuest EG 66

50 states puzzle EG 29
Interest WebQuest EG 40

50 states puzzle EG 32
aEach student chose the two best and worst tasks in a list.
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an added difficulty to solve the task successfully. Similarly, the
lack of interest in the WebQuest task probably arose because
the students were not familiar with this type of exercise as it is
the first time that this type of work had been carried out, which
meant that more time was required to become familiar with the
process. Students also had difficulty in finding information on
the Internet, and these drawbacks are interrelated. In addition,
the final task required a great capacity for creativity on the part
of the student, which in turn increased the level of complexity
(see description in Table 4).

■ CONCLUSIONS
The results obtained in this study allowed us to draw a series of
conclusions in response to research questions.
The teaching unit involving the use of game-based approach

(educational games and tasks involving play) led, in general, to
significant progress in learning the PT for secondary school
students aged 15−16. This is evidenced on the one hand by the
statistically significant differences between pretest and post-test
results in the experimental group for most of the items in the
assessment (Question 1) and, on the other hand, by the even
greater progress in many of the test items compared to the
results obtained by students who took traditional classes (i.e.,
the control group) (Question 2). The teaching unit contributed
to the students overcoming, at least to some extent, the learning
difficulties associated with this topic.14,15

These results are extremely encouraging when we compare
them with those obtained by students who learn using
traditional approaches. Indeed, as we have noted in a previous
research,16 students who learn by traditional methods improve
their level of competency on this topic in a more limited way
throughout the stage of secondary education. In contrast, in this
study, the achievements made by students who learned through
a game-based approach were far more satisfactory.
Furthermore, the students gave a positive perception on the

role of games in the teaching unit. The students had positive
perceptions of the influence of games on learning and their
potential to generate classroom participation (Question 3). In
this way, students feel that the games employed were generally
simple and attractive, they generated interest and motivated
students for the tasks and the content studied, and facilitated
the learning process.39,42−44 In particular, the highest rated
games, mainly due to their simplicity, attractiveness, and
interest, were the card games and those involving the
application of knowledge in which the entire group of students
participated as the simulation of soccer competition. A
characteristic of a large number of activities in the unit is that
they are competetive in nature, such as the World Cup game.
Overall, it appears that the teaching unit that includes a number
of educational games and tasks involving play is perceived as a
positive factor in the learning process of the students who
participated in the experimental group, thus reinforcing the
proposals made by various authors in previous stud-
ies.19,32,34,38,46

However, despite the relative success, the use of educational
games is not a panacea, and although improved learning was
achieved in some areas, we recognize that the teaching unit
described here did not overcome all of the learning difficulties
that are usually encountered in the study of this subject. The
unit proved to be quite beneficial for learning in the areas of
knowledge (K) and nature and history (N) but was more
limited in the areas of application of knowledge (A) and the use
of evidence (U). It is worth noting that the absence of games or

play in some of tasks could have an influence on learning. This
is demonstrated by three items in the assessment test, in which
significant differences were not found pre- and post-test (items
1, 9, and 11), where other tasks were used in the classroom.
This finding reinforces the potential of games as resources in
teaching and learning chemistry. In this sense, the design of a
new games generation must be improved in terms of the
application of knowledge (A) and the use of evidence (U),
where lower levels of learning were found. It is difficult to
identify the types of games that are the most suitable to
generate learning, especially in the two areas mentioned above,
although card games and group activities that involve a high
levels of knowledge seem to be the best alternatives as they are
highly rated by students.
One should exercise caution when generalizing about the

results obtained in this study owing to the known limitations.
One of the main limitations of this research lies in the fact that
it is unreasonable to expect that such a large number of
educational games will be used as part of an educational course
unit. However, in the study reported here, the design of the
research required the use of a variety of games to provide a
strong context from which to consider the role of games in
learning. On the other hand, another limitation is that the initial
level of knowledge of the students in the control group was not
assessed. Although the curriculum studied was the same for
both groups, and samples of students came from very similar
student populations in terms of skills and socio-economic level,
the design used did not ensure categorically that the starting
knowledge in the control group was similar to that of the
experimental group. In this regard, future studies are required
that take this variable into account.
Finally, the work described here contributes to the use of

games in teaching chemistry by raising the integrated use of this
educational resource in a teaching unit that has proven to be
effective for students learning about the PT. This research has
identified a new type of educational resource that has been
named TIP. This new approach allows a more accurate
evaluation of nondigital educational resources from the point of
view of their play-based nature (play and educational
games).29−31 TIP scenarios are intermediate between play
and games, and these may include any artistic or technological
creation by the student and offer an active role to the pupil.
Some of the tasks involve building a model or drawing. The
results obtained show that these tasks helped students to
improve their learning in the same way as educational
games.19,34,38,46 However, the perception of students about
TIP is intermediate in terms of an assessment of their
simplicity, utility, attractiveness, and interest when compared
to educational games, many of which are the tasks that were
valued the most. Further work on these tasks is required to
make them more simple, useful, attractive, and interesting.
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didaćticos: ut́iles en la educacioń superior? Rev. Electr. Dir. Form. Prof.
Min. Educ. Sup. Rep. Cub. 2001, 6 (3), 65−76.
(47) España, E.; Rueda, J. A.; Blanco, A. Juegos de rol sobre el
calentamiento global. Actividades de enseñanza realizadas por
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Hernandez, A. D.; Peŕez Avina, K. A. Estrategias didaćticas en la
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educacioń secundaria. Doctoral dissertation, University of Cad́iz, Cad́iz,
Spain, 2011.
(92) Roth, K. J. Science teachers as researchers. In Handbook of
Research on Science Education; Abell, S. K., Lederman, G., Eds.;
Routledge: New York, 2007; pp 1203−1259.
(93) Beyond 2000: Science Education for the Future; Millar, R.,
Osborne, J., Eds.; King’s College, School of Education: London, 1998.
(94) OECD. PISA 2009. Assessment Framework. Key Competencies in
Reading, Mathematics, and Science; OECD: Brussels, 2009.
(95) Leach, J.; Scott, P. Designing and Evaluating Science Teaching
Sequences: An Approach Drawing upon the Concept of Learning
Demand and a Social Constructivist Perspective on Learning. Stud. Sci.
Educ. 2002, 38, 115−142.
(96) Franco-Mariscal, A. J. La buśqueda de los elementos en
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