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Abstract: Mnemonic devices are specific ways, which durindieg new information apply known elements for
improving subsequent access to that informatiorth@ memory. Consequently, not much is known about
techniques for optimizing recall performance withemonic devices or the suitability of using mnemafevices

in educational applications. Moreover, in literattinere are a lot of examples in chemistry, biglgdysics and
mathematics mnemonics approaches, however in tatedeliterature, there is a lack of current ankihbée
studies for this subject. In this original work wescribe mnemonic methods from this point of viemthe
learning and teachings of science subjects. A largmps of this article is the demonstration of thid
well-known method of the learning/teaching in thewnscene. This is the first article in literatuhatt present
actual data about this topic according to learmind studying the science subjects by mnemonicesudi
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Introduction

The word mnemoniderives from the Greek goddess of memory - Mnenmsgnd
means fthemory enhancing Mnemonic (‘hee-moh-nick techniques, also called
a mnemonic strategies, mnemonic devices, or mnemmordre systematic procedures
designed to improve one's memory [1]. Hence, mnérrostrategies ought to be
understood as systematic procedures for intensditaa memory. The main idea of
mnemonic strategies is application in developingtebeways to encode (take in)
information, so that it will be much easier to ite (remember) [2]. Therefore, mnemonic
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devices can be attended as learning strategie$whit often enhance the learning and later
recall of information [3]. The main task in devellogp mnemonic strategies is to find a way
to connect new information to information studeatseady have locked in long-term
memory. If pupils or students make an enough stromgnection, the memory will last
a very long time, because the mnemonic strategycheefully linked it to things that will be
very familiar according to these procedures caetimordinarily effective [2]. Moreover,
the mnemonic strategies can be incorporated foretements that require recall, what is
both advantage and disadvantage of this methodseTheethods are also useful way of
improving memory in students who exhibit difficuligmembering things. Hence, the
mnemonic devices do not represent an educationahgea but can be an important
component in improving memory and learning or t@agiprocess.

Mnemonic methods are unlikely to benefit memoryskilled everyday activities,
however, where memory encoding must be task speaifd appropriate for the relevant
tasks [4]. During skilled everyday activity infortien needs to be encoded to allow direct
access to domain-specific knowledge necessaryrtplete the task [5]. It is proper to pay
attention, that these methods have a wide appitsitin problems connected with the
memory of older personsg remembering of the shopping list, face-name aa$ioai
learning [6, 7].

From education point of view, many sources evidghe¢ pupils and student who are
using mnemonics method also perform better on cehgrsion testsef [8-10]).
Moreover, using of mnemonic devices often resulisvery high levels of recall
performance. These methods operate by the usegpit@ structures, but on the other
hand these methods are characterized by low ordadation to the conceptual content of
the material being learned and also they are facusdy on certain aspects of their
operation [3].

Overall, the mnemonic devices are not teaching ousthlt was also proved that
mnemonic strategies can be used to enhance sdearoéing when the curriculum involves
a lecture, textbook format [2, 11], or when therimulum involves a hands-on, inquiry
learning format. However, in spite of many advaetag is possible to obtain a wrong
conclusion that mnemonic devices inhibit compreleeng12]. In turn, the mnemonic
methods are very good way to understanding sciam@ehool but in academic content
those strategies may be an important instructiooalponent [2]. It was observed also that,
when students generate their own strategies, ot&irumay proceed at a much slower rate
and students' performances may be lower than w&achérs supply the strategies [11].
On the other hand, some studies indicated thaestadvho have been taught strategies for
creating their own mnemonics outperform comparistudents in free-study conditions.
This problem can be summarized that, everyone needsdual developed strategy, but it
seems that combination of student-generated actieeareated mnemonic strategies is the
best way.

Materials and methods

Are students of Upper Secondary Schools in Polanaivkand use mnemonic methods
in school practice? If they use, are they use timesthods consciously? These and many
other questions were an inspiration to the undargathis research by authors of this article.
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Appendix 1.

Questionnaire about methods of remembering and memorizing the information

Complete the questionnaire writing suitable answers. Questionnaire is anonymous, the results will become used in scientific
article. After the mark of the answer do not return to previous questions(!)

1. Your gender and (Place an ‘X’ in appropriate box): 0O Male / O Female

2.lam ....... years old and my racefethnicity is (Place an X’ in appropriate box): O European { O Asian [/ O Other
3. 1. Do you know what are mnemonic devices/methods? (Place an X’ in appropriate box): OYes [ 0ONo

3. 2.If You choice “Yes” in question 3.1, explain in Your own word what are?

4. Below are presented different types of mnemonic methods with examples. Do you know some of them?
(Place an X’ in appropriate box/es or leave empty fields)

O Rhyme - a rhyme is a poem or verse that uses words that end with the same sound; e.g.
Twinkle, twinkle little star,
circumference is 2 pir;
1 didn’t really know you cared,
area is pir squared.

O Acronym - an acronym is a word that can be pronounced that is made by using the first letter of other words;
e.g. CARO - Cathode Anode Reduction Qxidation.

O Abbreviation - an abbreviation is a group of letters made from the first letter of each word to be remembered;
e.g. ABC for remember the most important acts of the first-aid A — Airways, B — breath, C — circulation.

O Acrostic - an acrostic sentence or phrase is formed by words beginning with the first letter of each word to be
remembered; e.g. All Altruists Gladly Make Gum In Gallon Tanks for remember the aldohexoses Allose, Altrose, Glucose, Mannose,
Fructose, Gulose, |dose, Galactose Talose.

O Pegwords - a pegword is a word that helps you remember something by forming a picture in your mind;
e.g. ROMP: R - alkyl group, O — ortho, M-meta and P — para according to below picture

5. Which method most often do you use?

O Rhyme / O Acronym / O Abbreviation /[ O Acrostic / [ Pegwords / [ Noone
6. How often you use mnemonic methods during the learning?

O Never

O Only when it is given by the teacher

O Sporadically - mostly when other methods disappoint

O Always (I use and invent own examples)

O Other option (write Your option)

7. On what subject did you use examples which can be a mnemonics device? (Place an ‘X’ in appropriate box/es or leave
emply fields)

O Biology / 0O Chemistry 1 O Physics 1 O Mathematics ! O none [
L1 SOLNQI CWAICE. OIIEIZ it s A S T T B A P B

8. Give the any example/s being with the mnemonics which most often you use or which best you remember
(Use the retreat of the card).

We thank You very much for the participation in this questionnaire!

K. i, A. Ji ka, M. K. ka, Faculty of C| istry, Jagi ian Uni ity in Krakéw

Fig. 1. Questionnaire about methods of remembermtymemorizing the information

The first experiment was connected with examiningnggal information about
knowledge, popularity, the consciousness and malctpproach of mnemonics devices
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according to learning chemistry, biology, physing anathematics. Moreover, we wanted to
find out how which pupils (by gender, age, raceieiity) of Upper Secondary Schools in
Poland, how use (own, given on the lesson, fouriddrature etc.), how often and in which
circumstances (subjects, topics). In research fake a two public Upper Secondary
Schools in Warsaw from full-day state-funded clazsms.

Materials

In according to gather information about the mneic®mmethods knowledge by
students, the appropriate questionnaires aboutrgleirdormation were prepared - the
Figure 1. Questionnaire covered two categories nédrination: 1) information about
participants (gender, age, race/ethnicity) andh&jrtinformation about the knowledge,
application and examples of mnemonic methods.

Appendix 2.
All of examples from Questionnaire about methods of remembering and memorizing the

information are analogous in Polish language — Table 1.

Table 1. Analogous of mnemonic methods in English and Polish language

Types of mnemonic methods

Example in English language

Analogous example in Polish
language

Twinkle, twinkle little star,
circumference is “2 pi r”;

Jak to fadnie, pieknie brzmi:
obwéd kofa "dwa er pi"

Rhyme I didn’t really know you cared, niech w pamieci zawsze tkwi
area is “pi r squared”. pole za$ "er kwadrat pi".
CARO - Cathode Anode | KURA - Katoda Utlenianie
Acronym =M = == -

Reduction Oxidation

Redukcja Anoda

Abbreviation

ABC: A — Airways, B — breath,
C — circulation.

(is very common in Polish
language in analogous to
English)

ABC: A — Airways, B — breath,
C —circulation.

All Altruists Gladly Make Gum | Aluzyjny  Altruista  Gluchy
In Gallon Tanks Mandaryn Gulgocze  ldac
Galerig Talentow
Acrostic
Allose, Altrose,  Glucose, | Alloza,  Altroza, Glukoza,
Mannose, Fructose, Gulose, | Mannoza, Fruktoza, Guloza,
Idose, Galactose Talose Idoza, Galaktoza Taloza
(is analogous as in English)
Pegwords

K. Jurowski, A.

Fig. 2. All of examples from Questionnaire abouttimoes of remembering and memorizing the

information

, M. Ki Faculty of Ci

In questionnaire we focused mostly on:
1) knowledge and the understanding the term “mnérsanethod/devices”;
2) usages and consciousnesses of the usage of micemethods in learning;

istry, fan University in Krakow
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3) popularities of given methods according to aggiions and depending on the given
subject;

4) giving examples being with the mnemonics whichstroften students use or which
best their remember;

5) connection age, gender and race/ethnicity wightioned problems (questions 1-4).
Importantly, we include the simple description cdck mnemonics method and

examples - Figure 2. This was done to ensure tha@eticipants understand all methods

ideas and could give the any example/s being Wighminemonics.

Method

Participants.  Participants included 479 students aged: 15-19 syear
(Mage = 17.48 years; SD = 1.8). All investigated studesime from the two public Upper
Secondary Schools from full-day state-funded ctassas in Warszawa (capital of Poland).

Table 1
Students characteristics, by conditions
Upper Secondary School School 1(n = 241)
Level of education 1% classes 2"9classes 39 classes
n=77 n=281 n=383
[%] n | Missing | [%] n | Missing' | [%] n Missing
Gender 76 1 81 0 83 0
Male 48.7 51 53
Female 51.3 49 47
Race/ethnicity 75 2 83 1 79 4
European 90.4 98.8 89(3
Asian 5.5 0 4.0
OtheP 4.1 12 6.7
Student’s Age [years] 74 0 84 0 82 1
15 1.3 0 0
16 93.2 1.2 0
17 5.5 94.0 1.2
18 0 4.8 97.6
19 0 0 1.2
Upper Secondary School School 2(n = 238)
Level of education 1% classes 2"9classes 3 classes
n=81 n=79 n=78
[%] n Missing® | [%] n Missing* | [%] n Missing®
Gender 81 0 78 1 77 1
Male 51.8 43,6 53.2
Female 48.2 56.4 46.8
Race/ethnicity 78 3 79 0 76 2
European 100 98.8 92]1
Asian 0 0.0 1.3
OtheP 0 1.2 6.6
Student’s Age [years] 80 1 76 3 78 0
15 2.5 0 0
16 93.75 5.5 0
17 3.75 94.5 2.5
18 0 0 92.4
19 0 0 5.1

2due to the fact that participant did not mark (eyrgpiswer)® eg national minorities (Jews, Romani people)
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Differences in the level of participation are tleame due to the fact that in all classes,
the same curriculum (program) is applied. We hadjproximately number of males and
females in each class. In both schools we invesiiggroups of 3" classes.

Before studies, students were asked to completeuestignnaire that included
demographic information, such as birth date, gemdelr ethnicity. Because all participants
were fluent in Polish, hence all of them full unstand all questions in questionnaire. All
participants provided informed consent. Participanere given office supplies gifts as
compensation for their involvement. The Table Isprés all participants characteristics by
conditions.

Procedure

Before the accession to the questionnaire aboutonies method, all students were
informed that their answers were anonymous anditsegill be published in scientific
article. All of the participants filled a questiaires individually, at school (classrooms)
after lessons having the appropriate time on their answers (approx. the one lesson hour
- 45 minutes or more), however they could not usesources€g books, phones, internet,
own notes etc.) and they could not communicate edloér. Few students had a problem
with given by them examples - they did not know thiee their example can be an example
of mnemonic methods. In this situation they corgultheir dilemmas with a teacher on
personally conversation. Participants were notmgiselution feedback and were asked not
to reveal information about the experiment to athdihe research was made in period of
September - December in 2014.

Results and discussion

Do Polish students know what are mnemonics devirxtbbds?

The data of question 3.1 (Do you know what are nomeos devices/metho@s
according to gender, race/ethnicity, age and fraintpof all participants are presented in
Figure 3.

100

I . T E | T I
- =B | B & |
£ s | : - 3
@ |
2 | : :
o 60 4 t t —
-9 | | |
® ' ‘ ' mYes
£ 0 | | |
5 | } i uNo
~ | I |
T 20 | I 1
2 | | |
0 | I |
| I |
0
Male Female European Asian Other 15-16 17 18-19 All
participiants
L J L ] 0 J
T T T
Gender Racesethnicity Age

Fig. 3. The student’s response of question 3.1 yBw know what mnemonic devices/methods are?)
from questionnaire in experiment 1 by gender, etbeicity, age and from point of all
participants
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As can be expected, the most of participants (9dé6raing to all participants) do not
know term “mnemonic devices/methods”. From the pofrview of the gender, this term is
known more by female than male (16% - female, 4ftale). According to race/ethnicity
the results are very similar (8% - European, 5%stah, 3% - other). Very interesting
results can be gave by research due to the agartidipants - the knowledge about the term
increases according to the age of students. This b&a connected with few aspects:
1) together with the age students recognize tha @ mnemonics methods on different
subjects; 2) schoolboys together over time find exlore suitable for themselves method
for memorization €gthey find in the literature - handbooks/internet).

All participants from these that know what are moaios methods can also correctly
define this term (question 3.2). To most frequensweers wereeg "Methods making
possible quick memorizatiyn'Manners of easy rememberihgStrategies of the learning
and remembering facts"Very useful methods permitting quickly recall théoimation
from memory, "Useful methods for remembering facts and infornmétio

Do Polish people know some of mnemonic methodsk&li

The results suggest that the most of students niateknow this term. This can be true
conclusion, however it can be possible also thadesits do not know term, but they can
know the methods. In other words, students carrugeactice some of mnemonics method,
but can do this unconsciously - do not know thénitédn, but can give chosen examples.
According to this approach, the question 4 can gppropriate answers for this dilemma.
In this question students got also the name, tipdapation and the example of the given
method. This type of the approach made possibleirttieduction of students with this
problem. The obtained results are presented inr&igu
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Male Female  European Asian Cther 15-16 17 18-19 All
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Fig. 4. The student’s response of question 4 (Do kmow some of mnemonic methods/devices?) from
questionnaire in experiment 1 by gender, race/ettynage and from point of all participants

Analysis of results from Figure 2 indicate knowledgbout method, according to all
participants are the most known methods are - Aicra@9.55%) and Abbreviation
(28.2%). From the point of view of the gender, thast known for female are also Acrostic
(36.8%) and Abbreviation (32.1%) methods. This olton is also analogous to male,
however the Acrostic method is twice more pointedniale according to female (62.3% -
male vs. 36.8% - female).
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According to race/ethnicity the results are quiféedent. For European results are very
similar to male and female results (Acrostic - 4%4,3Abbreviation - 28.1%, Acronym -
12.9%, Rhyme - 6.8% and Pegwords - 4.9%). For Aaiath other nationalities the most
known is Abbreviation method (Asian - 14%, othed5%), however second place is
different - Rhyme for Asian (20.5%) and Acrostia fother nationalities (25%). Other
methods are on the comparable level of the popwléor both groups (Asian: Pegwords -
17.5%, Acronym - 14%, Acrostic - 12%; other natilities: Pegwords - 15%, Acronym -
15%, Rhyme - 10%).

The ranking of the knowledge of given methods dre $ame for all age groups,
however, there are changes in their quantitativeeva

Which mnemonics method/methods most often do Rilidents use

The information abouknowledgeabout mnemonics methods is one of the important
indicators, however also important pepularity due to the uses. According to this issue,
authoritative question isWhich method/methods most often do yo'usehe results of
given question are presented in Figure 5.

100
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mRhyme

mAcronym
m Abbreviation
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mAcrostic
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Student'sresponse [%]
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Wale Female | European Asian Other | 15-16 17 18-19 All
T

L U participiants

Gender Race/ethnicity Age

Fi

g. 5. The student’'s response of question 5 (Whigtthod/methods most often do you use) from
questionnaire in experiment 1 by gender, race/ettynage and from point of all participants

Presented results shown that the most of partitdpd67% according to all
participants) pointed as the most popular - Accostiethod. This method is also very
popular according to gender (male - 79.2%, fem&4.8%). However, this observation is
quite different according to the ethnicity. For Bpean this method is most popular
(64.8%), but for Asian is on the last positiontie ranking of the popularity (4.9%), on the
first place is Rhyme method. However, for otherigratlities this method is the most
popular (45%). Very interesting the dependencéseoved according to age of participants
- the popularity of Acrostic method is increasegether with the age. This correlation can
be explained according to three facts: 1) in follmystages of the education more and more
often appears this method; 2) this method is mftshaised by students; 3) there exist a lot
of examples in related literature.

The second place in ranking of popularity accordingall participants is Acronym
method. This observation has also good correla@mording gender (male - 12.3%, female
- 21.3%), however this method is more popular mdke than male. Due to the nationality,
for European and for other nationalities, this rodtks still on second place - but for Asian
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on second place is Pegwords method. According & ag the second place is also
Acronym method, moreover the popularity of this Imeet is increases together with the age.

How often Polish students use mnemonic methodeglthe learning

The next important question due to the usefulnéssnemonics methods ishew often
students use mnemonic methods during the learniflg® results of this question are
presented in Figure 6.
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c i i other methods disappoint
@ 15
B 10
& 5 mAlways (I use and invent
0 own examples)
Male Female  European Asian Other 15-16 17 18-19 All
\ . T . I\ T ! participiants 0 Other option
Gender Race/ethnicity Age

Fig. 6. The student’s response of question 6 (Hf@nodo you use mnemonic methods during the
learning?) from questionnaire in experiment 1 biydge, race/ethnicity, age and from point of all
participants

These results indicate that most of male (43.8%gnases mnemonic methods during
learning, moreover similar amount of male uses numécs devices only when it is given by
the teacher (38.9%). Only 11.3% of male uses alveays invite their own mnemonic
devises. Small amount of participants sporadicadlgs these methods when other methods
disappoint (2.5%) and similar amount of male pairgéher option (3.5%).

The different situation can be observed accordingesults of female - most of them
only use mnemonics methods when it is given byteheher (42.7%) but one-fourth of male
always uses and invite their own examples (25.396)the other hand - 15.6% never use
these methods, and 8.2% of female admits that these methods sporadically. 8.2% of
female pointed other option (3.5%).

Big divergences in results can be observed duleetmationality. In European ethnicity
most of participants (43.2%) uses mnemonics metlomdis when it is given by teacher.
Approximately amount of European admit that theyemeises mnemonics method (22.6%)
or always they uses and invited their own exam(l@s9%). 13.8% of participants pointed
that they uses sporadically - mostly when otherho@s disappoint. Very small part of
European ethnicity chose other option (2.5%). Vsiypilar response can be observed
according to Asian nationality, however big diffeces are in other nationality/races. Most
of other race (45%) pointed that they never usemamics methods, and big part of these
participants (30%) uses these methods only whegivisn by teacher. Only 10% uses
always these methods and these same amounts afigent's uses sporadically, mostly
when other methods disappoint.

Interesting results can be observed also accotdiage of participants. Most of 15-16
years old participants never use mnemonic devig@<%o) and also only when it is used by
the teacher (32.1%). In this age of participanit® big part use mnemonics methods
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sporadically - mostly when other methods disapp(®@at1%). Only 17.9% of 15-16 years
old students always use and invited their own exesapAccording to participants at 17
years old, the results are different. Most of tiigsup pointed that they only use mnemonics
studies when it is given by the teacher (31.4%)thenother hand they also use sporadically
- mostly when other methods disappoint (24.2%).il8mamount of participants indicate
that they never use mnemonic devices (22.1%). \¢ergll group of students always use
and invite own examples (6.1%). Generally, in adowy to 18-19 years old students,
situation is inverse due to the 15-16 years stwdent

On which subject did Polish students use exampiéshvean be a mnemonics device?
The results of application of mnemonics device®ating to subjects in Polish schools
are presented in Figure 7.

60

9
= 50 )
g EBiology
§_ i = Chemistry
3 30 O Physics
£ 2 = Mathematics
S
B 40 Onone
Z Ll ot
@ other

o i

17

Male Female European Asian Other 1516
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Fig. 7. The student’s response of question 6 (Oithwlubject did you use examples which can be

a mnemonics device?) from questionnaire in experinieby gender, race/ethnicity, age and
from point of all participants

The results of question 6. Due to the gender aegpected enough. For male and also
female the most pointed subject is biology, bus ihot clear why results are so scattered
(male - 33.4%, female - 53%). Another differensézond place - for male it is mathematics
(24.9%), but for female is chemistry (22.1%). THeygics is on third place according to
female (7.4%), but for male on the third place liemistry (12.8%). These differences
could be explained by differences in memory acewydd female and male.

Due to the ethnicity, the most popular is biologyiopean - 46.3%, Asian - 35% and
other nationalities - 45%), the second is chemi@yropean - 17.3%, Asian - 20% and
other nationalities - 20%) and the third place @&hematics for European (14.4%) and for
Asian (15%), however for other nationalities ardeentsubjects (15%).

According to age, the results are very similardbrgroups - the first place is biology
(15-16: 37.2%; 17: 53.1%; and for 18-19: 48.3%#, skecond place is mathematics (15-16:
23.4%; 17: 14.1%; and for 18-19: 18.3%).

Most of students indicate as other subjects - hist¢3.7%), geography (22.3%) and
music/art (18.4%), Polish language (10.4%).
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Conclusions

Why mnemonics devices are effective? From a cognifierspective, mnemonic
strategies are effective because they form an teféeacoustic-imaginal link between the
stimulus and response. As didactic tool, they ateemely effective in helping pupils to
remember things, however there is a lack of ratatiqp between the conceptual content and
the material being learned. What is interestintpég, the educational research indicate that,
the own prepared mnemonics by students outperfbemrdsults in comparison to students
in free-study conditions, but also students' penBoices may be lower than when teachers
supply the strategies. In most cases among Poliphisp they known a lot of examples of
mnemonics studies in chemistry, biology, physicd amathematics, however they don’t
know what kind of this method are. Due to the infation point of view, mnemonics
techniques often better enables information to étaimed in memory, however they are
focused only on certain aspects of their operatioth they are not dependent as a memory
schema. And at last - mnemonics devices are mestiegies but they are not a teaching
and learning methods, they can be only considesetidactics tools.
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BADANIA PILOTA ZOWE O WIEDZY | STOSOWANIU MNEMONIK
Z PRZEDMIOTOW SCISLYCH PRZEZ POLSKICH UCZNIOW

Wydziat Chemii, Uniwersytet Jagiefieki w Krakowie

Abstrakt: Strategie mnemoniczne to specyficzne sposoby, kfwdczas kodowania nowej informaciji
wykorzystuj znane ja elementy do polepszenia fmiejszego dogpu do tej informacji w pamci. Strategie te
mog czsto wspomagauczenie s oraz pdniejsze przywotywanie informacji. Jednak niewiel@a@omo na
temat technik optymalizowania przywotywania dihyya pomoa metod mnemotechnicznych lub stosowatno
metod mnemotechnicznych w praktyce edukacyjnejaBtm w literaturze jest wiele przyktadéw metocdpjsé
mnemotechnicznych w chemii, biologii, fizyce czy teraatyce, jednale w literaturze fachowej brak jest
aktualnych i miarodajnych baflaa ten temat. Artykut ten stanowi autorskie péciejdo zagadnienia metod
mnemotechnicznych z punktu widzenia uczenia i namiezprzedmiotéw przyrodnicZeistych. Duwym atutem
artykutu jest demonstracja starych i dobrze znanystod uczenia/nauczania w nowym wymiarze. Zgodnie
Z nasza wiedz jest to pierwszy artykut w literaturze opiscy aktualne dane na temat zmany z uczeniem
i studiowaniem przedmioté¥cistych przy uyciu metod mnemotechnicznych.

Stowa kluczowe:mnemonika, metody mnemotechniczne, metody mnermoejc metody zapagtywania,
przedmioty przyrodniczéeiste



