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ABSTRACT: The deeply knowledge of the periodic table is one of the most important keys to understand
the basic principles of Chemistry. Memorizing the elements of the groups and periods is one of the most
commonly used strategies to learn the position of each element in the periodic table; nevertheless it is a hard
task for most students. The use of card games can represent a useful alternative to teach some chemical as-
pects. Here, we present ChemMend, a new Chemical card game which will allow chemistry students to ob-
tain a good ability in the periodic table. This game attracts the attention of the students, and it allows them to
review mentally the period and group while playing; being the learning a consequence of the game. The

ChemMend game will introduce and explore the periodic table in the classroom.




Introduction

Learning the periodic table is a key issue for understanding the chemical properties of the ele-
ments and it is essential to study Chemistry.*® In this regard, people interested in Chemistry —in
particular chemistry students— must know the position of all the elements in the periodic table, and

they must be able to identify the period and the group of each element.*®

One of the main drawbacks for chemistry students is to learn the periodic table by memorizing as
they find it boring. Therefore the development of creative educational methodologies to engage stu-
dents in interactive enjoyable learning may solve this problem. Games are a promising teaching
alternative as they can be designed for teaching specific topics, and this might allow students to
learn in more entertaining way compared to the traditional lecture format.®” Different authors
—Russell,®® Denny,® Crute,® Pieroni,** and co-workers— are excellent promoters of chemical
games for teaching purposes and they have reported amazing chemistry games with successful ped-
agogical results. Card games are a widely used approach for that purpose with results that confirm
that they are a powerful method to stimulate the students; and in particular they have been used to
teach the periodic table.*?® However, the main disadvantage of these card games is that they only
focus on the most significant elements. These games also fail in teaching the position of elements in
the periodic table as they mainly focus on the correlation between names and symbols of the ele-

ments.

Therefore, our aim was to prepare a new card game (ChemMend) based on the position of all the
elements in the periodic table, which allows students —high school students, first-year undergradu-
ate Chemistry students or even for anyone interested in sciences— to become familiar with the pe-
riodic table. It is important to note that the aim of this game is not to memorize the positions of ele-
ments in the table, however, one of the strengths to play ChemMend is that all players have to re-

view mentally the period and group during the game; and therefore this may allow students to learn



the periodic table, being the memorization a consequence of the game. We have optimized Chem-
Mend with the opinion of the students after playing it, and here we present the optimized version of
ChemMend whose cards can be printed and cut with scissors from the Supporting Information. This

novel and original approach may be a real option to use in the classroom.

Materials

The different cards necessary to play ChemMend are included in the Supporting Information.
They can be easily printed in a conventional printer and they can be cut using a scissors. Different

sample cards are shown in Figure 1.

A periodic table has also been included to be use in the basic level in order to help less experi-

enced players in case they need it. It also can be printed from the Supporting Information.

Figure 1. Example of ChemMend card (front of the card, left image and back of the card, right image).

ChemMend: Exploring the periodic table
ChemMend is a card game similar to UNO, which can be played by 2-10 players. The main goal
of this game is to improve the ability of the students in the periodic table.

Rules: There are 117 cards divided in chemical meaning cards and non-chemical meaning cards.

The chemical cards (90 in total) contain the symbol of each element of the periodic table (except
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lanthanides and actinides elements). The non-chemical cards (27 cards) are designed to make the
play more interesting and playable, and they are distributed in 4 categories —skull (4 cards), equi-
librium reaction (5 cards), Mendeleiev (8 cards), and joker electron ionization (10 cards)— whose

description is detailed here:

m Skull. The Skull card, when played, makes to lose the turn to the player of the right, and the next
player can continue with the game. If a Skull card is turned up at the beginning of play, the same

rule applies.

m Equilibrium reaction. The Equilibrium reaction card (2) changes the playing direction from
clockwise to counter-clockwise and vice versa. If this card appears at the beginning of the game, the

dealer starts the game in the counter-clockwise direction.

m Mendeleiev. The Mendeleiev card, when played, allows the player to choose a new period or
group for the next player in the game. It can also be used at the beginning of the game. These cards
are introduced to acknowledgement the creator of the periodic table, Dmitri Mendeleiev, and his

face is depicted in such card.

m Electron ionization. When the Electron ionization card is played the next player to the person
who played the card (i.e. the next player in rotation) must take one or two cards accordingly to the
number of electrons involved (one card for —1 or two cards for —2). If turned up at the beginning of

play, the same rule applies.

The actual action in ChemMend takes about 5-15 minutes per game, depending on the number of
players involved and their knowledge of the periodic table. If necessary there is an alternative end in
case there is no enough time to finish the game (after 2 rounds or more). The game must finish at
the player before the player who started the game. Then the players have to count the points of their
cards (1 point for each card of first period elements, 2 points for each card of second period ele-

ments, and so on). The player with fewer points wins the game.



The only difference from the difficult level and the initial one is that in the initial level is allowed

to have a look in the periodic table.

Playing the game: To start the game, each player picks one card, the person with the highest
atomic number is the dealer. Non-chemical cards count as zero. The playing cards are dealt by the
dealer to each player (six cards to each player in the anticlockwise direction). The remaining cards
are placed face down in the middle of the table (draw pile), and finally the top card of the draw pile
is turned over (reference card) and placed adjacently to the draw pile; this card is the first one of the
discard pile. The player to the dealer's right starts the game and has to place one of their cards on the
reference card. The card played must have the same group (chemical cards), period (chemical
cards), or it must be a wild card (non-chemical cards). Every player has to follow the directions of a
non-chemical card (skip a turn, draw cards...) by the preceding player. When a player has only one
card left in his/her hand, he/she must say aloud “ChemMend”. If the player forgets to say “Chem-
Mend” and another player catches him, the player who forgot to say “ChemMend” must draw two
cards from the draw pile. The goal of the game is to finish the cards as soon as possible, so the play-
er who first gets rid of all his cards wins the game.If necessary, there is an alternative end for the
game to be used in the case of exceeded time (see above). For example, if the game is started by a
Cl chemical card as the reference card on the discard pile, the first player must put down a card that
belongs to the same group of the CI (i.e. F, Br, I, At, or Uus) or to the same period (i.e. Na, Mg, Al,
Si, P, S, or Ar). Alternatively, the player can put down a non-chemical card (see the functions of ac-
tion cards in rules). If the player does not have any of those cards, he/she must take a card from the
draw pile. If the card he/she picked up can be played, for instance, let’s assume that the player takes
the Br chemical card from the draw pile, the player is free to put it down now on the discard pile or
he/she can decide not to play the card and then the play moves on to the next person in turn continu-

ing the game (right side, but considering that if any equilibrium reaction cards has been played this



can change) (Figure 2).

(b)

Figure 2. Example of ChemMend game explained in the text, in which: (a) the player does not have any
of the corresponding cards to play on CI (the 5 cards belong to different groups and periods), so the
player must take a card from the draw pile (Br card); and (b) the player puts down the Br card.

Results and discussion

As described in the introduction, learning the periodic table is essential to study Chemistry, and
the use of new teaching techniques can be an essential tool to motivate students to learn Chemistry
in a more fun and interesting way, avoiding the initial memorization of the periodic table that was
found to be a struggle for most of the high school students and for the first-year undergraduate stu-

dents.

In this regard, ChemMend is an ideal game for the first Chemistry lessons as it teaches the peri-

od/group location of all the elements in the periodic table. In order to develop this game, an initial
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version was given to a high school Physics and Chemistry class (tenth grade) where 20 students
(Spanish boys and girls aged 15 and 16 years) played with the game. After that, students made a
report, which allowed us to draw different conclusions. The students were satisfied with the initial
version of ChemMend expressing in their reports positive comments such as: “The game is enter-
taining”, “This game allows us to learn well the table”, “Playing ChemMend makes possible to con-
solidate the periodic table”, “ChemMend allows to practice placing the elements in their location
and therefore our chemistry skills will improve”, “I would like to buy the game to play at home”,
and so on. Students’ suggestions and comments were analyzed in detail and allowed us to optimize
the game. So, the version of the ChemMend game, which is presented in this paper, has the appro-

priate number of cards and rules for playing and for make students learn and enjoy.

We tested the optimized version of ChemMend with high school students of the Physics and
Chemistry class (eleventh grade) in three 50 minutes sessions (29 Spanish boys (50%) and girls
(50%) students of average age of 16 years old) and with first-year undergraduate Chemistry Engi-
neering students in the Chemistry class (first year Chemistry Engineering university students) in
two 45 minutes sessions (14 Spanish boys (90%) and girls (10%) students of average age of 18
years old). Students answered a quiz and a poll before and after playing the game: Seven questions
and one quiz before playing the game, and six questions and one quiz after playing the game. The
“before playing” poll consists in different questions that allow to find out if students are familiar
with the periodic table and its elements, and if it is difficult for them to study the periodic table. The
questions are: Are you familiar with the periodic table?; Do you know the position of the periodic
table elements?; Do you find it tedious to study the position of the periodic table elements?. Then,
there are some questions related to the instructions, design, usefulness, and first impression of the
ChemMend game. The questions are: Do you think that the instructions for playing ChemMend are

sufficiently clear?; After reading the instructions, do you think ChemMend can help you to discover



the periodic table?; Do you like the design of the game cards?. All these questions are answered
using adjectives such as: much, enough, little, or useless. The last “before playing” activity is a quiz
with a periodic table with 13 blanks that students have to fill with the appropriate elements. After-
wards, students played the game for several sessions in different days, and then they performed the
“after playing” activities that consist in different questions and the same periodic table quiz. It must
be stressed that the quiz allows evaluating the students’ improvement of their knowledge of the pe-
riodic table (Figure 3). The “after playing” poll consists in questions about the ChemMend game
rounds that students have played. Students are asked to evaluate the efficacy of the game (much,
enough, little, or useless), the utility of ChemMend to learn the position of the elements into the pe-
riodic table; and finally if they would recommend the game. These “after playing” questions are:
How many times have you played ChemMend?; Did you consolidate the elements of the periodic
table by playing the game?; Did ChemMend help you to learn the relative position of the periodic
table elements?; Did ChemMend help you to improve your level of knowledge of the periodic ta-

ble?; Would you recommend the use of ChemMend?.

The results of the quiz before and after playing the game (the periodic table with 13 blanks de-
scribed previously) show an increase of average score of the students for both groups (eleventh
grade high school Physics and Chemistry class and first-year undergraduate Chemistry class); it
increases from 5.7 £ 0.5 to 6.5 + 0.5 for high school students, and from 4.7 + 0.7 to 7.4 £ 0.4 for
first-year engineering Chemistry students (the maximum score is 10). This indicates that playing
ChemMend may improve the knowledge of the periodic table (Figure 3a). Figure 3b shows the raw
data obtained from the quiz before (horizontal axis) and after playing the game (vertical axis). In
this regard, the data points in the Figure 3b in the upper left half show an improvement by playing
the game, i.e. the marks obtained after playing the game are larger than the marks obtained before

playing the game. In particular 67% and 79% of the students improved their marks in the quiz by



playing the game, for high school and undergraduate students, respectively. The results of the poll
indicate that students have a good first impression of the ChemMend game after reading the instruc-
tions; and they think that playing the game will help them to improve their knowledge of the period-
ic table and nobody thinks that it will be useless (16% much, 81% enough, 3% little, 0% useless, for
high school; and12% much, 65% enough, 24% little, 0% useless for university). After playing the
game, 94% (high school) and 89% (university) of the students think that they have learned the rela-
tive position of elements in the periodic table by playing ChemMend. Moreover, 69% (high school)
and 78% (university) of the students consider that playing ChemMend has improved their
knowledge of the periodic table. Interestingly, 90% (high school) and 94% (university) of students
would recommend the use of ChemMend. Teachers also feel enthusiastic with the game, and they
will use ChemMend in next years to introduce and to remind the periodic table. Therefore the results

show that ChemMend is a real enjoyable alternative activity in the classroom for the first Chemistry

lessons.
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Figure 3. Results of the quiz before and after playing ChemMend: (a) average marks, (b) raw data.



Conclusions

ChemMend has been found to be a useful tool for teaching the periodic table in an entertaining
way, as the game has been designed to attract the attention of the students. The game allows stu-
dents to review mentally the period and group for each play during the game and therefore this may
allow students to learn the periodic table by playing the game. Thus, the developed card game will

introduce a new manner to teach the periodic table in the classroom.
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