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OVERVIEW

Too much of chemistry is learned in isolation from peers. Pedagogical methods lack
interactivity and collaboration with fellow students, and the sheer volume of content
forces students to spend copious amounts of time alone going over lectures and
textbooks and worksheets. | want to break this trend by creating a game that allows
students torevise and apply knowledge from organic chemistry classes in a player-player
interaction heavy, card taking frenzy- with a dash of corporate espionage. Catering to
Bartle’s socialisers, SYNTHESIS! Is a 2-6 player card game aimed at first-year university
students interested in a fun way to consolidate their learning though 15 to 45-minute
games.' It proved to be a hit with playtesters of the target demographic, who suggested
the development of A-level-specific and second-year university level expansion packs...

LEARNING OUTCOMES

The biggest challenge in chemistry education is how to create effective, efficient,
motivating, and enjoyable learning experiences.? It is especially difficult to motivate
students to learn chemistry and pursue chemistry-related degrees and careers.® Though
many peers on my course enjoy our classes, they want a chemistry degree as a gateway
to other careers like, like finance or teaching. Most do not plan on staying in the field of
chemistry, which was crucial to my idea generation process and what | wanted students
to attain from the game. | wanted to make a game that would remind university students
why they chose chemistry and prove that a career in industry is tenable. From this
ideation, | was able to settle on my learning outcomes.

Utilising the apply, analyse, and create levels of Bloom’s taxonomy, students should be
able to:*

- Implement knowledge from first-year organic lectures to individually sketch a
synthetic pathway.

- Develop a pathway with cards in order to assemble a route to a product,
including all reagents, conditions, and intermediate products.

- Understand what a role in the chemical industry requires.

And if possible:

- Examine other synthetic pathways and compare it to other known routes.



GAMEPLAY

After designing and prototyping SYNTHESIS!, | conducted a market review on organic
chemistry games- and one initially appeared very akin to my prototype. There are
similarities (including the name) to the established chemical synthesis game React!.
However, while the objectives of our games are the same, (making a synthetic route using
university-level chemistry) mine is differentin the regard that SYNTHESIS! does not teach
organic chemistry like React! does; when designing it, | expressly did not want it to
replace lectures. | meant for it to be used as revision - | leave it to players beforehand to
better their own knowledge, as the effort students put in will be how much they get out of
the learning experience. By encouraging students to voluntarily study outside of the game
so that they can outmatch others when playing it, the fun and the learning aspects of this
change from extrinsic to intrinsic- and players who undertake this extra learning will
benefit from increased in-game creativity.®

The objective of SYNTHESIS! is to play all the cards needed for a synthetic pathway from
a starting compound to a final product. To win, that pathway must pass a peer review
from all other players.

Players act as leads of synthetic chemistry for their respective drug companies.
Mechanics dictate the story of every game, and in SYNTHESIS! the themes are hand
management, command cards, interrupts, multi-use cards, player judge, and take that,
which are used to reflect the agendas in my learning objectives®:

Mechanic Real-life conversion
Sometimes companies research the same concepts, and one
Espionage! will publish before the other. In that case, the other company

must regroup and change their focus, as they have lost out on
the ownership of the idea.

Reagents and chemical compounds may undergo a sudden
Tax! increase in price due to changes in availability and regulations.
Removing a card from the game via Tax! represents this.

In industry, very little work is done individually. Teams of

Each player synthetic chemists work together on projects that are in the best
selects a company | interest of the company. This introduces students to the idea of
to play for. future groupwork by making their in-game character a company

representative.

Different companies have high/low budgets and access to
many/few resources. | could not make this specific to each
Blank cards. company in the game, so these cards were placed in the deck.
Each player with a blank is at an advantage to their opponents,
which highlights the economic gap between big and small
companies.

Discarding down In “one man’s trash is another man’s treasure” fashion, some
by giving cards to information and supplies are defunct for some. That resource is
other players.




then made available to others, which in turn is advantageous to
others who need it as their missing piece.

Peer review In order for any research to be published, peer review by other
required to win. scientists must confirm the research is correct and rigorous.

Most importantly, the game is inherently unfair. Each final product requires 1-3
intermediate compounds, and those with only one intermediate compound will need
fewer cards for their pathway than someone with three. Once again, this is an intentional
feature to reflect the disparity in resources and capital from company to company. These
applications are meant to prepare students for the reality of the synthetic chemistry
industry in addition to their knowledge of organic chemistry.

DESIGN OF GAME

SYNTHESIS! is a card game- naturally this was the aspect | designed first. Keeping the
colour scheme simple and bright to universally appeal to educators and students and
overly vibrant colours tend to divert learners’ attention away from the learning outcomes.’
The main colours of cards played are yellow, red, and green- which are very distinct from
each other in these hues. To ensure accessibility, colours | chose are distinguishable to
students with colour vision deficiency as seen in the following image:
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Fig. 1. The colour scheme of SYNTHESIS! passed through a protanopia filter on
Coolors.?

The prototyped cards operate on the white-space principle.® Allinformation on what each
action card does is written on the card, and there are Quick rules cards which reduce the
cognitive load on players.'® each type of card has a different border colour in order to
make it easier for players to remember card types through colour.” Blank cards that will




be written on will have a UV coating so that they can be written on with whiteboard pen,
and erased after each game.

Table 1. Card prototypes vs. final design.
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Table 2. Design iterations for box title.
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name, but when focussing on
the details it becomes clear e
that this is a chemistry game.

| wanted to use this title for the card backs, but it became clear that sizing would be a
problem.



Table 3. Design iterations for card backs.

chemistry game.
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PROTOTYPING AND PLAYTESTING

Admittedly, this idea spent a long time in my brain before | put it to paper. However,
meticulously working out the quirks in the gameplay and calculating the card ratios
beforehand paid off immensely. The gameplay was incredibly smooth and had the right
amount of unpredictability. But do not take my word for it- hear it from the chemistry

students themselves...

Feedback from the target audience was overwhelmingly positive! Five playtesters wrote
detailed notes on their playtest forms. Overall, the game was ranked very highly in player
interaction, difficulty, balance, and educational value. The only criticism that came up in
two forms was that eventually the game would be unreplayable as all routes would be

worked out.

Table 3. Game iterations to show changes made via playtesting.

Problem

Solution

Players were unsure about whether they could
draw their synthetic pathways before the game

Rulebook addition- five-minute,

pre-game thinking time.




began, and how long they should be allowed to
take.

Once a player uses the Espionage! mechanic,
they have nothing to lose by repeatedly guessing
one player’s, or others’ final products- which
results in the possibility of no players winning.

Limit the Espionage! mechanic to
allow one-time use for each
player.

Players were uncertain whether the Stop! card
could be used out of turn

Specify this information on the
card.

Players were unsure if they needed to play the
starting compound in their synthetic pathway.

Clarify in rulebook- this is not the
case.

A player with visual impairment was able to read
their own cards, but not others’, making it
difficult for them to use Espionage!

Rulebook addition- all players
should announce cards as they
place them.

RESULTS/WHAT NEXT?

| have already designed the game logo, cards, and card backs online in preparation to
make a physical prototype of SYNTHESIS!. | want to take this project even further than the
module by competing in the IATL Den to fund and market this game to be sold. Future
developments on this game will appear as | broaden my knowledge of organic chemistry!
Once | complete second and third year, | will be able to make specific expansion packs
for the chemistry learned by students in each year.
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APPENDIX

Appendix 1. SYNTHESIS! prototype

Appendix 2. playtest form- design adapted from Mike Compton.




