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Research paper

Seeing coloured fruits: utilisation of
the theory of adaptive memory in
teaching botany
Pavol Prokop and Jana Fančovičová

Department of Biology, Faculty of Education, Trnava University, Priemyselná 4, 918 43 Trnava,
Slovakia

Plants are characterised by a great diversity of easily observed features such as colours or shape, but children show

low interest in learning about them. Here, we integrated modern theory of adaptive memory and evolutionary

views of the function of fruit colouration on children’s retention of information. Survival-relevant (fruit toxicity)

and survival-irrelevant information (naming and occurrence) about twelve plant species that differ in toxicity

(toxic and non-toxic) and fruit colouration (red, green and black) were presented to a sample of Slovak high

school students. Analyses of surprise retention tests immediately after a plant presentation and one week later

showed that participants retained more information about plants with red and black fruits, compared with plants

with green fruits. Survival-relevant information was retained significantly better than survival-irrelevant informa-

tion and fruit’s edibleness was associated with the colour red and toxicity was associated with the colour black.

This study provides support for the existence of evolved memory mechanisms that enhance retention of survival-

relevant information. Furthermore, it highlights the importance of fruit colouration as well as the type of informa-

tion that children receive about plants on their cognitive processes.

Keywords: adaptive memory; botany; colour; evolution; education

Introduction
When teaching about plants, science educators

struggle with several problems in science or botany

courses. Learning about plants is perceived to be less

interesting than learning about animals (Kinchin

1999; Lindemann-Matthies 2005; Martin-López

et al. 2007; Prokop, Prokop, and Tunnicliffe 2007a,

b; Schussler and Olzak 2008; Wandersee 1986), pho-

tographs of plants in textbooks are less numerous and

less diverse than photographs of animals (Link-Perez

et al. 2010) and attitudes toward plants are neutral

rather than positive (Fančovičová and Prokop 2010,

2011; Selvi 2012). Students also have serious miscon-

ceptions about the physiology of plants (Kose et al.

2009; Ozay and Oztas 2003), and their abilities to

name plants are limited (Bebbington 2005; Fančov-

ičová and Prokop 2011). There is evidence that

females have better knowledge about plants than

males (Fančovičová and Prokop 2011; Laiacona,

Barbarotto, and Capitani 2006) and that females

appreciate plants more than males (Gatt et al. 2007;

Hong, Shim, and Chang 1998; Prokop et al.

2007a, b; Schussler and Olzak 2008).

Many plants have colourful flowers that attract

pollinators (Glover 2007; Waser and Ollerton 2006)

and additionally, a number of species produce often

colourful fruits that are consumed by various animals

to promote plant dispersion (Ridley 1930; Schmidt

et al. 2004). Humans, as well as some non-human

primates, have trichromatic vision (Dominy,

Svenning, and Li 2003; Jacobs and Deegan 1999;

Regan et al. 2001), which allows them to distinguish

between blue, green, and red. The innate preference

for the colour red was found in humans (Franklin

et al. 2010), particularly in females (Hurlbert and

Ling 2007). Analyses of children’s spontaneous con-

versation in botanical gardens showed that colours of
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plants attract a child’s attention (Tunnicliffe 2001).

Because redness is a cue of ripening (due to carote-

noids), it is thought that the preference for the

colour red evolved to increase the probability of

finding ripe fruits (Heerwagen and Orians 1993;

Hurlbert and Ling 2007; Prokop and Fančovičová

2012). However, not all coloured fruits are edible;

instead strong and contrasting colours (red, yellow,

black or brown) often characterise aposematic

unpalatable or poisonous species (Edmunds 1974;

Gittleman and Harvey 1980; Lev-Yadun 2001).

Learning and conceptual processes depend strongly

on memory functioning and capacity (Norman 1982;

Terry 2005) which consequently influences academic

success (Shade 1982). According to modern evolu-

tionary perspective, people show better memory for

information processed with respect to ancestral sce-

narios, such as searching for edible plants or avoiding

predators, than for scenarios based purely on the

modern environment. That is, our adaptive memory

and learning systems may be tuned or biased to help

us remember information in a survival context

(Nairne, Thompson, and Pandeirada 2007). Although

the concept of adaptive memory is new (Nairne,

Thompson, and Pandeirada 2007), an increasing

amount of research has found support for this theory

(Nairne 2010). For example, participants who were

asked to rate the relevance of unrelated words to a

survival scenario, subsequently remembered those

words better than participants who processed those

same words in several deep-processing control condi-

tions (Nairne, Thompson, and Pandeirada 2007).

Barrett and Broesch (2012) found that children from

two different cultures remembered information about

the dangerousness of selected animals better than

other kinds of information. Prokop and Tunnicliffe

(2010) showed that school children have better

knowledge about predators, disease-relevant animals

or pests than about control animals, despite their atti-

tudes toward the former group of animals being less

favourable, suggesting that children selectively retain

more information about events associated with

survival.

In this study, we integrated the modern perspective

of adaptive memory with recent theories about col-

our preference in humans on the grounds of biology

education – in this case, to botany lessons. We pro-

pose that this interdisciplinary approach that respects

evolved psychological mechanisms in humans can be

used to examine how to make botany more attractive

to children. Specifically, we hypothesise that informa-

tion about fruits with colours that signal ripeness

(particularly red) would be retained better than

information about fruits that do not signal ripeness

(particularly green) (Hypothesis 1). Second, we

hypothesise that information regarding fruits relevant

to survival would be better retained than other kinds

of information (Hypothesis 2) and that information

about toxic plants would be retained better than

information about non-toxic plants (Hypothesis 3).

We included black fruits in our research to see

whether contrasting colours (red and black) are

associated more with edibleness or with toxicity of

the tested plants. Finally, we hypothesise that

females, who appreciate plants more than males,

would retain more information about plants than

males (Hypothesis 4).

Methods
Participants

The sample of participants (18 males and 53 females)

consisted of 16–18-year-olds attending three classes

in one Slovak urban high school. The mean age of

the participants was 16.4 (SE = 0.06) years and all

participants were second year students. A brief open

question about the interest in plants (Are you inter-

ested in plants?) confirmed that interest in botany

was low (only seven participants [10%] reported to

have an interest in plants). This variable was not

included in statistical analyses due to a low sample of

participants interested in plants. In addition, the par-

ticipants were asked about their experience with each

fruit (Have you ever seen this fruit?) and about their

identification skills (Do you know the name of this

species?). None of the participants reported having

had experience with the fruits or any of the names

of the presented species. Thus, we conclude that the

children were not familiar with the presented fruits

and that these two variables were not involved in

further statistical tests.

All participants were volunteers, unaware about

our hypotheses. After the experiment finished, par-

ticipants were debriefed about our research goals.

Selection of plants

Stimuli consisted of a set of 12 colour photographs of

fruits in lecture halls. All pictures were downloaded

from Google. We adjusted the picture sizes to a stan-

dard body length. The pictures had a similar contrast

and brightness and were presented in a random order.

Each picture contained leaves and ripe fruits of

particular species. The set of plants was selected so that

there would be equal numbers of plants that were

toxic and non-toxic to children and equal numbers of

plants that have red, green and black fruits. Thus,

there was a 2 � 3 design of toxicity (toxic or non-

toxic) and colour (red, green black). The full list of

presented species is shown in (Table 1).

Procedure

Each picture was presented for up to 2 minutes.

During this time, the participants received oral

information about the Slovak name of the plant,
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occurrence, and toxicity (toxic or non-toxic). The

presentation was made by their biology teacher (25-

year-old female), who was trained by the authors of

this paper, but was not aware of our specific research

goals to avoid any bias during data collection. The

oral presentation lasted approximately 20 minutes and

was repeated three times (each class received the same

presentation). Each class, however, received only one

oral presentation. Immediately after the presentation

finished, a surprise retention test was given to partici-

pants. The surprise retention test (hereafter test) con-

sisted of three questions: (1) Naming (Do you

remember the name of this species?); (2) Toxicity

(Are fruits of this plant toxic or not?); and (3) Occur-

rence (Where does this species occur?). The teacher

presented the twelve plants in a PPT presentation

again, and students responded to the three questions

on each species that was shown for 90 seconds. One

week later, a retest was given to participants in the

same way as the test. The order of plants presented in

PPT presentation was randomised across trials.

Statistical analyses

A 2 (gender: between-subject) � 2 (test/retest:

within-subject) � 3 (type of question: within-sub-

ject) � 2 (toxicity: within-subject) � 3 (colour:

within-subject). General Linear Model was per-

formed using STATISTICA ver. 10. Partial g2 was

used in order to measure the effect size (0.01 was

considered small, 0.04 moderate, and 0.1 large;

Huberty 2002).

Results

Colour

Participants’ mean scores were significantly influ-

enced by fruit colour both in test and retest condi-

tions (F(2,138) = 29.2, p < 0.0001, g2 = 0.30,

Figure 1). Information about red and black fruits

were better retained than information about green

fruits (Tukey post hoc test, both p < 0.001), but

there was no difference in the mean scores for red

and black fruits (Tukey post hoc test, p = 0.2). This

provides support for Hypothesis 1.

Type of question

Participants’ mean scores did significantly differ with

respect to the three questions, both in test and retest

conditions (F(2,138) = 284.9, p < 0.0001, g2 = 0.81,

Figure 2). Information about fruit’s toxicity was bet-

ter remembered than naming and occurrence of

plants (Tukey post hoc test, p < 0.001). Hypothesis

2 was supported.
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Figure 1. Differences in retention scores

across fruit colour and conditions
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Figure 2. Mean performance across

conditions

Table 1. Plant species used in PPT presentation

Toxicity Colour Latin name English name Slovak name

Toxic Red Nertera granadiensis L. Coral bead plant Nertera granadská

Ilex aquifolium L. Common holly Cezmı́na ostrolistá

Green Lantana camara L. Spanish flag Lantana menlivá

Solanum carolinense L. Carolina horsenettle ‘Divoká paradajka’

Black Hyoscyamus niger L. Henbane Blen čierny

Hedera helix L. Common ivy Brečtan popı́navý

Non-toxic Red Eugenia uniflora L. Pitanga Pitanga

Malpighia glabra L. Barbados cherry Barbadoská čerešňa

Green Macadamia integrifolia Maiden, Betche Macadamia nut Makadámia celolistá

Baccaurea motleyana Muell.Arg. Rambai Rambai

Black Aristotelia chilensis L. Chilean wineberry Maqui

Euterpe oleracea L. Acai palm Acai
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Type of test

Participants’ mean scores were significantly lower in

retest compared with test (F(1,69) = 36.5, p < 0.001,

g2 = 0.34, Figure 2). Decreasing retest scores supports

reliability of obtained data.

Gender

Females tended to score better than males, but this

difference was not statistically significant (F(1,69) =

1.99, p = 0.16, g2 = 0.02, Figure 3). Hypothesis 4

was not supported.

Poisonousness

Toxic fruits tended to received significantly higher

mean scores than non-toxic fruits (F(1,69) = 5.07,

p = 0.03, g2 = 0.06, Figure 4). This supports

Hypothesis 3.

Interaction terms

Fruit colour � toxic/non-toxic interaction (F(2,138)

= 85.4, p < 0.0001, g2 = 0.55) suggests that red, but

non-toxic fruits received higher mean scores than

red, but toxic fruits, while the reverse was true for

black fruits. Mean scores for green fruits were similar

with respect to toxicity.

Type of question � fruit colour � toxic/non-toxic

interaction (F(4,276) = 21.5, p < 0.0001, g2 = 0.24)

means that participants best answered the question

about non-toxic red fruits, but toxicity was associated

with green and black fruits. The naming and occur-

rence of plants was best answered for edible red fruits,

while poisonous plants were best remembered when

their fruits were of black colour. No similar differ-

ences were observed for plants with green fruits. This

provides support for Hypothesis 3.

Discussion
Plants are viewed as ‘lifeless’ organisms (Lindemann-

Matthies 2005) most probably because they lack

movement like most animals (Kinchin 1999). Here,

we attempted to utilise fruit colouration that

enhances aesthetic value of fruits (Prokop and

Fančovičová 2012), fruit’s toxicity (Fančovičová and

Prokop 2011) and information about these plants that

differ in survival value (Nairne, Thompson, and

Pandeirada 2007) to examine whether these variables

influence plant information retention.

Our first hypothesis dealt with the association

between fruit colouration and information retention.

As predicted, information about red and black fruits

was better retained than information about green

fruits. In an experimental study with 4–5-month-

olds, children preferred red over green colour

(Franklin et al. 2010). Here we supported the superi-

ority of the colour red over the colour green because

information about red fruits was retained significantly

better than information about green fruits. Prokop

and Fančovičová (2013) recently showed that when

animals were presented to students in contrasting,

aposematic colours, willingness to protect them was

higher than when animal colours were cryptic. We

suggest that contrasting colours increase aesthetic

value (Prokop and Fančovičová 2012) and attention

toward these stimuli and this enhances learning/

memory processes. Ultimately, stronger attention

toward red fruits would be influenced by their value

as food in our ancestral past, as well as today

(Heerwagen and Orians 1993; Hurlbert and Ling

2007). The mean scores for black fruits were similar

to those for red fruits, but our results suggest that the

information retention about plants with black fruits

would be enhanced by their association with toxic,

rather than non-toxic fruits (see below).

Secondly, we hypothesised that information

regarding fruits relevant to survival would be better

retained than other kinds of information. This

hypothesis received statistical support, because sur-

vival-relevant information (ie whether the fruit is

toxic or non-toxic) was retained significantly better

than survival-irrelevant information. This finding

corroborates current research by Nairne, Thompson,

and Pandeirada (2007) and Barrett and Broesch
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Figure 3. Gender differences in retention

tests
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Figure 4. Differences in retention tests

with respect to plant toxicity
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(2012) who similarly showed that survival-relevant

information (eg dangerousness of an animal) is

retained better than survival-irrelevant information

(eg naming of an animal). It would be argued that

the information about fruit’s toxicity is simply easier

to retain than information about naming or occur-

rence. While this alternative is viable and cannot be

ruled out without additional research, the partici-

pant’s mean scores significantly differed from chance

(Figure 2), suggesting that the participant’s scores

were not a product of random choice.

Our third hypothesis tested the idea that survival-

relevant information about the toxicity of the presented

plants would be retained better than information about

non-toxic plants. This hypothesis, again, received statis-

tical support. In addition, black fruits were associated

with toxicity, and red fruits with ripening of presented

fruits. Previous research showed that children are

unable to discriminate between toxic and non-toxic

fruits according to colour (Prokop and Fančovičová

2012) and their knowledge about toxic fruits is limited

(Fančovičová and Prokop 2011), probably because

contrasting colours can advertise both ripening and tox-

icity (Edmunds 1974; Gittleman and Harvey 1980;

Lev-Yadun 2001). However, additional senses such as

olfaction (Hoover 2010) and taste in all probability

influenced the definitive decision as to whether a

chosen fruit or seed would be consumed or not (for a

review, see Birch 1999).

Our final hypothesis dealt with gender differences

in information retention about plants. Previous

research showed that females have better knowledge

about plants than males (Fančovičová and Prokop

2011; Laiacona et al. 2006), which could be

explained by their higher interest in plants (eg Hong,

Shim, and Chang 1998; Schussler and Olzak 2008).

We did not find significant differences in retained

information about plants between the sexes. It is pos-

sible that the sample size of males was not large

enough to detect these differences (note that mean

scores favoured females, but this difference did not

reach significance) or that these differences are more

pronounced in adults, who were responsible for col-

lecting fruits more than children in our evolutionary

past. Further research with more diverse samples is

required before a definite conclusion can be made.

Implications for teaching botany

This study provides several implications that should

be taken into consideration in botany lessons. First,

visual, colourful presentations of plants should

include exposure of their fruits or seeds that promote

information retention. In particular, contrasting col-

ours of fruits may increase children’s attention, inter-

est and consequently information retention about

these plants. We speculate that the same implications

would be applied to colourful flowers, but we have

no data to support this claim. Second, talking about

plants should contain survival-relevant information.

This information includes plant edibility, the pres-

ence of toxic substances, medical importance of

plants and incidences that can cause human death.

For example, the hemlock (Conium maculatum) lacks

any attractive seeds or other features potentially

attractive to children, but the story of Socrates who

was given a potent infusion of the hemlock and died

(Brickhouse and Smith 2002) can positively influence

retention of information about this species. Finally,

there was some evidence that the children involved

in the research associated red colour with a fruit

being edible and black or green colours with toxic

fruits, although this was not conclusive. Teachers

should teach children that plants, similar to animals,

possess aposematic, warning colours, and unknown

fruits (with contrasting colour) should not be con-

sumed.
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