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1 | INTRODUCTION
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Abstract

This study investigated preschool children’s categorization and risk perception of
products with ambiguous product characteristics (e.g., food-like packaging). These
characteristics make it difficult for preschool children to categorize household chem-
icals correctly. This, therefore, increases the risk of unintentional poisoning. We
hypothesized that ambiguity arises from different product characteristics, such as the
type of packaging, the products’ scent, or the packaging’s color and transparency. In
four behavioral tasks, N = 108 preschool children (M = 43 months, SD = 3) cate-
gorized different products and household chemicals with various types of packaging,
colors, and scents. Individually wrapped dishwasher tablets were more likely to be
categorized as edible than unwrapped ones. Furthermore, children who had interacted
with any type of dishwasher tablet in the last 6 months performed better in identifying
dishwasher tablets, regardless of packaging type. Household chemicals with a fruity
scent were more likely to be categorized as drinkable than those with a chlorine scent.
Finally, the children considered black bottles more dangerous and preferred them less
than bottles of a different color. In contrast, bottle transparency generally did not seem
to affect risk perception and preference. These findings confirm that ambiguous prod-
uct characteristics influence children’s categorization of unknown products and, thus,
their risk perception and decision-making. Manufacturers and caregivers are advised
to reduce the ambiguity of household chemicals by designing more neutral product
packaging and choosing products with more neutral elements, respectively.
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(Kamboj et al., 2020; Rosenman et al., 2021; Weiler &
Kupferschmidt, 2020). Epidemiological data show that most

Children accounted for 17,776 out of 32,928 poisoning
incidents in Switzerland in 2021, and approximately one
third of these incidents can be attributed to household
chemicals (Tox Info Suisse, 2022). Although most of these
poisoning cases did not result in severe consequences, they
are nevertheless a burden on the health-care system and
thus a public health issue in Switzerland and worldwide

poisoning incidents in children occur before age five and
include many forms of exposure (e.g., ingestion, skin, or eye
contact; McKenzie et al., 2010; Weiler & Kupferschmidt,
2020). During this time, children’s mobility and cognitive
abilities develop rapidly, allowing them to access previously
inaccessible areas and process more information when
categorizing objects (e.g., packaging, labels, and base-rate
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information; Gelman & Meyer, 2011; Gualtieri & Denison,
2018; Owen & Barnes, 2021). Furthermore, caregivers do
not always adjust their safety measures to their child’s level
of mobility, resulting in children’s unsupervised exposure
to household chemicals (Bearth et al., 2022; Gibbs et al.,
2005; Pollack-Nelson & Drago, 2002). Consequently, these
unsupervised encounters might lead to children falsely
categorizing ambiguous products as safe (e.g., household
chemicals with food-like packaging), which could reduce
their risk perception. Preliminary research has suggested that
product characteristics, such as product labels, materials,
colors, scents, or shapes, influence children’s categorization
processes, preferences, and interactions with household
chemicals (Schneider, 1977; Schwebel et al., 2015). The
packaging of household chemicals has changed considerably
in recent years (e.g., adopting a food-like smell). There-
fore, more research is needed on the potentially misleading
effect of product characteristics (i.e., type of packaging,
scent, color, and transparency) on children’s categorization
processes and perception of household chemicals.

2 | THEORETICAL BACKGROUND

2.1 | Development of children’s
categorization abilities

A possible way through which product characteristics influ-
ence children’s risk perceptions could be through their
categorization processes. Children’s ability to form cate-
gorical representations is central to their perception of the
environment (Gelman & Meyer, 2011; Sloutsky & Fisher,
2011). Categorization helps to group information, thus
increasing processing efficiency when learning, identifying,
and retrieving information. Consequently, categorization
reduces cognitive load and helps to effectively manage finite
cognitive resources (Gelman & Meyer, 2011; Martin et al.,
2002; Owen & Barnes, 2021). Children begin categoriz-
ing based on perceptual information long before speaking
(Gelman & Meyer, 2011; Mandler & McDonough, 1993;
Spencer et al., 1997). With the increase in age, improved lan-
guage skills, and help from adults and peers, the categories
children perceive become more sophisticated, as they can
incorporate more information into their categorization pro-
cesses (Colunga & Smith, 2005; Rakison & Lupyan, 2008).
At preschool age, children are already forming categories
based on characteristics such as shape, color, and texture
(Gelman & Meyer, 2011; Sloutsky & Fisher, 2011).

2.2 | Product characteristics as the final
preventive barrier

To prevent unintentional poisoning from household chem-
icals, it is essential to understand how children categorize
objects and to identify the factors that lead children to make
incorrect categorizations and, consequently, harmful deci-

sions. In their review, Schwebel et al. (2017) identified four
causal factors (i.e., person, location, community and society,
and product) that need to be addressed to prevent unin-
tentional poisoning incidents. However, personal and social
factors influencing children’s risk perception and behavior
(e.g., the child’s temperament and the social environment;
Berry & Schwebel, 2009; Morrongiello & Sedore, 2005) are
difficult to change without considerable effort. Furthermore,
research has shown that preventive measures that affect loca-
tion, such as safeguarding the home, are often not adapted to
children’s mobility (Bryant et al., 2022; Gibbs et al., 2005).
Therefore, the product and its effect on children’s risk percep-
tion can be considered the final barrier between a child and a
poisoning incident.

In adults, product characteristics, such as environment-
friendly labels, have been found to reduce consumers’ risk
perceptions (Bearth et al., 2017; Bearth & Siegrist, 2019;
Siegrist & Arvai, 2020). Furthermore, products with food-
like characteristics, such as labels featuring fruits or bottles
shaped like drinking bottles, result in a similar brain response
to real food (Basso et al., 2014, 2016). However, lim-
ited evidence exists regarding children’s risk perceptions of
household chemicals (e.g., Schneider, 1977; Schwebel et al.,
2015). A preliminary study by Schneider (1977) showed that
children were more attracted to square or white containers
and containers with small but also large written warnings.
However, they were slightly deterred by a skull warning
label. Given these results, Schneider (1977) concluded that
the attractiveness of a package is the sum of the different
attributes constituting packaging. A more recent study by
Schwebel et al. (2015) suggested a similar conclusion. Chil-
dren were more likely to identify square, metallic, and opaque
containers, as well as containers with an insect on the label,
as dangerous compared to containers with other shapes and
materials (Schwebel et al., 2015).

Children’s risk perception is also influenced by the sim-
ilarity of different product characteristics (e.g., labels on
hazardous products resembling those on food or toys). For
example, children had difficulty categorizing unknown con-
tainers with transparent packaging and juice-like liquids as
dangerous (Schwebel et al., 2015). Furthermore, children
were more likely to categorize household chemicals with
labels featuring cartoon characters or animals as child safe
compared to regular packaging (Bosshart et al., 2022).

2.3 | Study aims and objectives

In this study, we asked whether the ambiguity of the product
characteristics of household chemicals leads preschool-aged
children to make incorrect categorizations and therefore
hinders their risk perception. We addressed this research
question using four tasks, each with its own hypothesis.

In a Tablet Categorization Task, we focused on the ambigu-
ous product characteristics of dishwasher tablets. In a past
study focusing on the storage of various household chemi-
cals and their influence on children’s perceptions, children
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had particular difficulty recognizing individually wrapped
dishwasher tablets (e.g., each tablet wrapped in white non-
dissolvable plastic; Bosshart et al., 2022). We assumed that
this difficulty was based on the individual wrapping of dish-
washer tablets and the common characteristics of candies.
However, this assumption could not be confirmed in the prior
study due to methodological constraints in the experimental
design. Expanding on this assumption, we investigated the
following hypothesis:

H1. Children categorize individually wrapped dishwasher
tablets as edible more often than unwrapped tablets.

Transferring household chemicals into secondary contain-
ers is still fairly common in Europe and other regions (e.g.,
Abdelgalil, 2016; Basso et al., 2014; Smolinske & Kaufman,
2007). With secondary containers, children lack important
cues to categorize them. Therefore, children must rely on
other cues, such as smell, to categorize unknown liquids. In
a Scent Categorization Task, we, therefore, investigated the
effect of ambiguous scents on preschool children’s catego-
rization abilities. Children use scent to categorize objects as
edible or inedible (Valentin & Chanquoy, 2012) and prefer
sweet over sour flavors and scents (Hoffman et al., 2016).
Therefore, we expected household chemicals with a fruity
scent to lead to false categorizations more often than those
with a chlorine scent. However, we did not expect that scent
preferences (i.e., sweet over sour) would lead to differences
in children’s categorization within the category of household
chemicals with fruity scents. Consequently, we tested the
following hypothesis:

H2. Children are more likely to categorize liquids with either
a sweet or a sour, fruity scent as drinkable than liquids
with a chlorine scent.

Finally, in the Dangerous Bottle and Bottle-Preference Tasks,
we focused on the colors and transparency of household
chemical packaging and their effects on preschool children’s
perceptions. Children are somewhat inconsistent in their
color preferences and perceptions (e.g., Marshall et al., 2006;
Walsh et al., 1990), and aside from studies by Schneider
(1977) and Schwebel et al. (2015), no other research has
investigated the color and transparency of packaging in terms
of risk perception and preferences. Nevertheless, a Euro-
pean Commission regulation (No. 276/2010) states that lamp
oils and lighter fluids should be packaged only in black and
nontransparent packaging. Based on this regulation and the
findings discussed above, we expected children to perceive
black bottles (nontransparent black packaging or transpar-
ent bottles containing a black substance) as more dangerous
compared to bottles of other colors. In addition, we expected
children to generally perceive nontransparent bottles as more
dangerous than transparent bottles, regardless of the bottles’
or its contents’ color. Therefore, we formulated the following
hypotheses:

H3. Children are more likely to categorize black bottles as
dangerous than bottles of other colors.

H4. Children categorize nontransparent bottles as dangerous
more often than transparent bottles.

3 | METHODS

3.1 | Sample

During 3 months, from September to November 2022, we
recruited N = 120 Swiss families with preschool-aged chil-
dren from the German-speaking part of Switzerland. We
collected data from one child and one caregiver each. After
excluding 12 children who did not meet our inclusion criteria
(i.e., cooperation with the researcher and little support from
the caregiver), we ended up with a total sample of N = 108
children, 55 female (51%) and 53 male (49%)." The chil-
dren’s mean age was M = 43 months (SD = 3) and ranged
from 37 to 48 months. Ninety-seven caregivers accompany-
ing the child were female (90%), and 11 were male (10%).
The caregivers had a mean age of M = 38 years (SD = 4) and
ranged from 27 to 49 years. Of all caregivers, 65 stated that
they had completed higher education (i.e., university degree;
60%), 23 completed higher technical school (21%), 4 held a
high school diploma (3%), 15 had completed their vocational
training (14%), and 1 stated that they had completed com-
pulsory school (1%). All participants were recruited through
the database compiled by the Developmental Psychology:
Infancy and Childhood research unit at the University of
Zurich. The study protocol and procedure were approved by
the ETH Zurich Ethics Commission (Ref: 2022-N-123).

3.2 | Study design and procedure
During the laboratory study, the children completed four
behavioral tasks in the order listed below. The entire study
was video recorded, with the caregivers giving written con-
sent and the children giving verbal consent prior to recording.
For the Tablet Categorization Task, the child was asked
to categorize nine products, specifically five food items
and four household cleaning products and supplies avail-
able in Swiss retailers (Figure I, top), as edible or inedible.
This task was carried out in a between-subject design,
with only the packaging of the 3D-printed fake dishwasher
tablets varying between conditions (Figure 1, bottom). The
3D-printed fake dishwasher tablet was either individually
wrapped or unwrapped, depending on the condition to which
the child was randomly assigned. All products were randomly
arranged for each child and presented in three rows oppo-
site two boxes. One box featured a picture of different foods,
and the other featured a picture of different cleaning supplies.
First, the researcher introduced the child to the task by stating

! Sample size may vary between analyses due to children not completing all tasks.
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FIGURE 1

Products used in the Tablet Categorization Task,
including the two differently wrapped 3D-printed dishwasher tablets.

Note: Depending on the condition, children got either unwrapped (bottom left) or
individually wrapped (bottom right) 3D-printed dishwasher tablets. Edible and
drinkable food items are denoted by superscripted “a.”

that he had forgotten to clean up the room and that the child
should put these nine products into the corresponding boxes.
Then, the researcher recorded in which box the child placed
each product.

In the Scent Categorization Task, the researcher presented
the child with a closed box containing three flasks (modi-
fied saltshakers) with different liquids (chlorine all-purpose
cleaner, citrus toilet cleaner, and berry dishwashing liquid),
as shown in Figure 2, top left. This task was performed in
two steps: In the first step, children had to rate the liquids
presented within neutral flasks. The aim was to investigate
the effect of scents on children’s categorization when con-
fronted with household chemicals transferred into secondary
containers. In the second step, children had to rate the liquids
within their original packaging. The aim was to investigate
the effects of the original packaging on children’s scent-
based categorization. In the first step, the researcher randomly
took a flask from the box. Then, the researcher and the
child smelled the liquid and discussed whether the researcher
would be safe to drink the liquid inside. This procedure was
repeated until the child had seen and smelled all three flasks.
Next, the researcher showed the child the product bottles from
which the different liquids came and placed them right next to
the flasks. The researcher explained that the liquid within the
flasks was from the corresponding product bottles and asked
again if it would be safe to drink it. For this task, we recorded
verbal (e.g., “yes” and “no”) and nonverbal (e.g., nodding or

FIGURE 2

Products used in the Scent Categorization (top left),
Dangerous Bottle (top right), and Bottle-Preference (bottom) tasks.

shaking of the head) answers to each question before and after
showing the corresponding product bottles.

In the Dangerous Bottle Task, the researcher arranged three
pairs of liquid dishwashing detergents with transparent and
nontransparent packaging, each pair being of a different color
(i.e., black, white, and yellow), and placed them in front of the
child. Transparently packaged liquid dishwashing detergents
contained colored liquids that matched the color of their non-
transparent counterpart (Figure 2, top right). The researcher
explained to the child that he was looking for the most dan-
gerous of the six bottles and needed help identifying them.
He then asked the child to point to the bottle that looked
the most dangerous. After the child pointed to a bottle, the
researcher thanked the child, took the bottle, and put it in a
box. After that, the researcher mentioned that he wondered
which was now the most dangerous bottle among the rest and
asked the child to point again to the bottle that looked the
most dangerous. This procedure was repeated three times.

The Bottle-Preference Task consisted of six pairs of liquid
dishwashing detergents with transparent and nontransparent
packaging, adding the colors orange, blue, and green to the
bottles from the dangerous bottle task (Figure 2, bottom). All
products were randomly sorted into three rows and placed
in front of the child. The researcher instructed the child to
inspect all products carefully and place all products they liked
into one box to their right and all the products they dis-
liked into another box to their left. The researcher recorded
in which box each product was placed.

After completing all tasks, the child received a small gift
valued at approximately $5 and a certificate of participa-
tion as compensation. Additionally, the caregivers received
a children’s book (Pauli, 2018) on the dangers of household
chemicals, their warning symbols, and other toxic substances
(i.e., plants).
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3.3 | Questionnaire

While the child was completing the tasks, the caregiver
was asked to complete a short questionnaire assessing
demographic variables and caregivers’ practices regarding
household chemicals. In particular, we assessed the fre-
quency with which children interacted with dishwashing
detergents in different types of packaging. We presented
pictures of different types of dishwashing detergents to
caregivers, including dishwasher tablets with different pack-
aging (i.e., individually wrapped and unwrapped dishwasher
tablets). Caregivers indicated for each type of dishwashing
detergent whether they had kept the specific product or a simi-
lar one at home during the previous 6 months. Caregivers then
rated their children’s interaction frequency with each product
they had at home by answering the question, “In the past six
months, how often did your child interact (play or help with
the dishes) with the presented product?” on a six-point Lik-
ert scale from 1 = “Never, the product is kept away from the
child” to 6 = “Daily.” Pictures of all the products shown can
be found in the supplementary materials.

3.4 | Data analysis

Data analysis was conducted using R version 4.2.2 (R Core
Team, 2022). To analyze whether the packaging of dishwash-
ing tablets (independent variable [IV]) influenced children’s
identification of these products as edible or inedible (depen-
dent variable [DV]), we conducted a Pearson’s chi-squared
test. Additionally, we performed a logistic regression anal-
ysis of the children’s categorization of dishwasher tablets
as the DV to control for additional factors (i.e., age, gen-
der, and interaction frequency). For this purpose, interaction
frequency was transformed into a bicategorical variable indi-
cating whether the children had interacted with dishwashing
tablets in the last 6 months. Furthermore, we used generalized
estimated equations (GEE) to analyze children’s identifica-
tion of dangerous products (DV) based on their scents and
packaging (IV), again controlling for age and gender. We con-
ducted exact binomial tests and Pearson’s chi-squared tests
to analyze the effect of packaging color and transparency
(IV) on children’s product liking and risk perception (DV).
Finally, we used GEE to model children’s perceptions while
controlling for the known confounders age and gender.

4 | RESULTS

4.1 | Dishwasher tablet packaging and its
effects on categorization in children

The Tablet Categorization Task was used to investigate
the effects of dishwasher tablets’ packaging on children’s
categorization. Figure 3 depicts the percentage of children
categorizing dishwasher tablets as edible or inedible for each
packaging type. The individually wrapped dishwasher tablets

100

Inedibl
82% | Py
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56%

50 44%

Percentage of Children

25 18%

Unwrapped Wrapped
n =56 n=>52

Packaging of Dishwasher Tab

FIGURE 3 Percentage of children who categorized dishwasher
tablets as edible or inedible, grouped by type of packaging.

Note: Every child was only assigned one of the two packaging types for dishwasher
tablets.

were categorized as edible by 23 children (44%). In com-
parison, the unwrapped dishwasher tablets were categorized
as edible by less than half of the children (n = 10, 18%).
Furthermore, a Pearson’s chi-squared test confirmed a sig-
nificant difference in the categorization frequency between
unwrapped and individually wrapped dishwasher tablets
with a small to medium effect size, ){2 (1, N =108) = 8.84,
p = 0.003, ¢ = 0.286. Regarding children’s interactions, 60
caregivers (56%) reported that their children had interacted
with dishwasher tablets at least once in the last 6 months.
Table 1 summarizes the logistic regression modeling of the
children’s categorization of dishwasher tablets as edible,
including the odds ratio (OR). The OR suggests that indi-
vidually wrapped dishwasher tablets were 4.6 times more
likely to be categorized as edible than unwrapped dishwasher
tablets. Furthermore, children who did not interact with
dishwasher tablets in the last 6 months at least once were
3.5 times more likely to categorize dishwasher tablets as
edible than children who did interact with these products
during the same period. Finally, the packaging type of the
dishwasher tablets that the caregivers had at home did not
significantly affect the children’s ability to identify them.

4.2 | The effect of scent on children’s
categorization of household chemicals

Following the Scent Categorization Task, we visualized that
the percentage of children who thought the fluid presented
was safe to drink before and after showing the corresponding
product bottles in Figure 4. Only 105 children completed this
task because three did not want to smell the liquids. Before
the children saw the product bottles, 25 children (24%) cat-
egorized the chlorine all-purpose cleaner liquid as safe to
drink, compared to 30 children (29%) and 34 children (32%),
who categorized the citrus toilet cleaner liquid and the berry
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TABLE 1 Logistic regression of preschoolers’ categorization of dishwasher tablets as edible, controlling for gender, age, condition, interaction
frequency, and product at home.

95% CI OR
Predictors B SE B Wald P OR LL UL
Intercept —0.84 3.69 —0.23 0.819 0.43 0.00 592.96
Gender: Female (Ref.)

Gender: Male —-0.51 0.49 —1.04 0.299 0.60 0.23 1.58
Age (child) —0.03 0.09 —0.38 0.701 0.97 0.81 1.15
Condition: Unwrapped (Ref.)

Condition: Wrapped 1.52 0.49 3.08 0.002%* 4.57 1.74 11.99
Interacted with Tabs: Yes (Ref.)

Interacted with Tabs: No 1.25 0.59 2.10 0.036* 3.47 1.08 11.13
Tablets at home: None (Ref.)

Tablets at home: Wrapped —1.28 1.23 —1.04 0.298 0.28 0.03 3.09

Tablets at home: Unwrapped 1.03 0.72 1.43 0.154 2.79 0.68 11.41

Tablets at home: Both —0.30 0.73 —0.41 0.681 0.74 0.18 3.11

Notes: Interaction frequency was transformed into a bicategorical variable indicating whether children interacted with dishwashing tablets in the last 6 months. N = 108, model fit: *

(7) =24.5, p < 0.001, McFadden pseudo—R2 =0.18.

Abbreviations: CI, confidence interval; LL, lower limit; OR, odds ratio; UL, upper limit.

#p < 0.05.
##p < 0.01.
#Ep < 0.001.

;\;; 50
Qo
o *k
8 40
£
o 32%
-
& 30 i
T | T TTm e 25%
g 24% -
-
o 20
£
© 15%
o 10 - Chlorine
qc, Citrus
S = Berry
=
O o
Before After
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FIGURE 4 Percentage of children who categorized the presented

liquid as drinkable based on scent before and after being shown the product
bottle.

Note: Products used were a chlorine all-purpose cleaner, a citrus toilet cleaner, and a
berry liquid dishwashing detergent. The sample was reduced to N = 105 because three
children did not complete the task. **p < 0.01.

dishwashing liquid as safe to drink, respectively. Table 2 sum-
marizes the results of the GEE modeling of the probability of
rating a given liquid as safe to drink while controlling for the
packaging of the three household chemicals. Children were
1.5 times more likely to categorize the citrus toilet cleaner
and 1.8 times more likely to categorize the berry dishwashing
liquid as safe to drink than the chlorine all-purpose cleaner.
Additionally, Figure 4 shows that more children categorized
the liquid as safe to drink before they saw the product bot-

tle, with the citrus cleaner recording the smallest reduction
in wrong answers (4%) compared to the berry dishwashing
liquid (7%) and the chlorine cleaner (9%). Overall, children
were 1.5 times more likely to categorize any liquid as safe to
drink before they saw the product bottle than after they saw
the bottle (Table 2).

4.3 | The influence of color and transparency
on children’s risk perceptions

First, we evaluated only the first decision each child made
in the dangerous bottle task to analyze the product char-
acteristics of the “most dangerous” archetype. A total of
49 children (46%) categorized the black bottles as danger-
ous first, whereas 28 and 31 children categorized the white
(26%) and yellow (29%) bottles as dangerous, respectively
(see Figure 5). An exact binomial test confirmed that the
observed probability (P, = 0.46) of rating a black product as
dangerous was significantly higher than the expected proba-
bility (Pr = 0.33, N = 108, p = 0.01, 95% CI [0.36, 0.55]).
However, the categorizations of both the white (P, = 0.26,
N = 108, p = 0.125, 95% CI [0.18, 0.35]) and yellow
(Pp = 029, N = 108, p = 0.358, 95% CI [0.20, 0.38])
products did not significantly differ from the expected prob-
ability (Pg = 0.33). Regarding transparency, about half of
the children categorized nontransparent bottles as danger-
ous, whereas the other half categorized transparent bottles as
dangerous (Figure 5). However, a Pearson’s chi-squared test
confirmed a relationship between color and transparency in
children’s first decisions,)(2 (2, N=108) =897, p =0.011,
¢ = 0.288. Children perceived black nontransparent bottles
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TABLE 2  Generalized estimated equation (GEE) for preschoolers’ rating of liquids as safe to drink, controlling for age, gender, decision time (before
and after being shown bottle) and product type (chlorine, citrus, and berry).

95% CI OR
Predictors B SEB Wald p OR LL UL
Intercept —0.94 2.83 0.11 0.740 0.39 0.00 99.44
Gender: Female (Ref.)

Gender: Male —0.68 0.36 3.63 0.057 0.51 0.25 1.02
Age (child) —0.01 0.06 0.01 0.904 0.99 0.87 1.13
Time: After (Ref.)

Time: Before 0.37 0.13 7.65 0.006%* 1.45 1.11 1.89
Product: Chlorine (Ref.)
Product: Citrus 0.40 0.16 6.13 0.013* 1.49 1.09 2.04
Product Berry 0.58 0.16 13.78 <0.001%#** 1.79 1.32 2.43

Notes: N = 105, model fit: y* (5) = 33.4, p < 0.001.
Abbreviations: CI, confidence interval; LL, lower limit; OR, odds ratio; UL, upper limit.

#p < 0.05.
#Ep < 0.01.
w5 < 0.001.
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FIGURE 5 Percentage of children who rated bottles as dangerous
grouped by color and transparency of the packaging.

Note: Only the first bottle categorized by each child is displayed (N = 108).

more often as dangerous than bottles with other combinations
of these two attributes.

Second, we analyzed all decisions made by the chil-
dren to get a more general view of their risk perception
regarding color and transparency. Table 3 summarizes the
results of the GEE modeling of the children’s perceptions
of danger regarding color and transparency. Across all bot-
tles categorized, children were roughly 0.5 times less likely
to categorize a white or yellow bottle as dangerous com-
pared to a black bottle. In other words, black bottles were
approximately two times more likely to be categorized as
dangerous than white or yellow bottles.” Furthermore, these
results show that transparency did not significantly influence

2 These reciprocal values were calculated using the ratio between the reference and the
1
OR (—).
()

children’s ratings when all decisions were considered. Addi-
tional analyses revealed no overall interaction between color
and transparency. The model that included the interactions
between color and transparency did not result in an improved
model fit; therefore, these interactions were excluded from
the final model.

4.4 | The influence of color and transparency
on children’s preferences

Finally, Table 4 summarizes the results of the bottle-
preference task using GEE modeling to determine whether
black bottles were significantly less likely to be liked and
whether transparency plays a role in children’s preferences.
In this task, the children liked all the other colors significantly
more than the black ones. The odds of a child liking differ-
ently colored bottles more than black bottles ranged from
1.53 times for white bottles to 3.61 times for orange bot-
tles. Lastly, the GEE model showed that for overall decisions,
transparency generally did not affect children’s preferences
for bottles.

S | DISCUSSION

As children get older and explore their environments more
independently, they become increasingly likely to encounter
unfamiliar items, and they need to decide whether these
items are safe. Therefore, household chemicals should not
have ambiguous characteristics (e.g., food labels) that make
it difficult for younger children to categorize them. This
study showed that ambiguity can arise from multiple prod-
uct characteristics. Children had more difficulty categorizing
dishwasher tablets that were individually wrapped in plastic
as inedible than unwrapped ones. The perceived similarity
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TABLE 3  Generalized estimated equation (GEE) for preschoolers’ rating of bottles as dangerous, controlling for gender, age, color, and transparency.

95% CI OR
Predictors B SE B Wald 2 )/ OR LL UL
Intercept 0.71 0.26 7.20 0.007+* 2.03 1.21 3.40
Gender: Female (Ref.)

Gender: Male —-0.01 0.02 0.53 0.468 0.99 0.95 1.02
Age (child) —0.01 0.00 2.04 0.153 0.99 0.99 1.00
Black (Ref.)

White —0.79 0.24 10.87 <0.0017##%* 0.45 0.28 0.73

Yellow —0.64 0.25 6.28 0.012* 0.53 0.32 0.87
Nontransparent (Ref.)

Transparent —0.05 0.17 0.09 0.763 0.95 0.69 1.32

Notes: N = 108, model fit: y* (5) = 14.2, p = 0.014.
Abbreviations: CI, confidence interval; LL, lower limit; OR, odds ratio; UL, upper limit.

#p < 0.05.

#kp < 0.01.

**¥p < 0.001.

TABLE 4  Generalized estimated equation (GEE) for children’s liking of bottles with different colors and transparency, controlling for gender and age.
95% CI OR

Predictors B SE B Wald 2 p OR LL UL

Intercept 0.52 1.55 0.11 0.739 1.68 0.08 34.97

Gender: Female (Ref.)

Gender: Male 0.43 0.23 3.53 0.060 1.54 0.98 2.41
Age (child) —0.01 0.04 0.09 0.770 0.99 0.92 1.06
Black (Ref.)

White 0.43 0.21 4.16 0.041% 1.53 1.02 2.30

Blue 0.95 0.24 15.67 <0.001%** 2.60 1.62 4.17

Orange 1.28 0.26 23.70 <0.001%#** 3.61 2.15 6.06

Yellow 1.10 0.26 17.56 <0.001%** 3.02 1.80 5.06

Green 0.962 0.2381 16.33 <0.001%** 2.62 1.64 4.17
Nontransparent (Ref.)

Transparent —0.0558 0.1087 0.26 0.608 0.95 0.76 1.17

Notes: N = 108, model fit: x* (8) = 35.6, p < 0.001.

Abbreviations: CI, confidence interval; LL, lower limit; OR, odds ratio; UL, upper limit.
#p < 0.05.

#¥p < 0.01.

##%p < 0.001.

of these individually wrapped dishwasher tablets to food
(i.e., candy) might explain why children make these false
categorizations. This conclusion is consistent with previous
findings showing that food-like product characteristics were
frequently mentioned when people described their or their
children’s poisoning (Basso et al., 2014; McKenzie et al.,
2010). Another finding from our study is that children who
interacted at least once with dishwashing tablets during the
last 6 months could better identify them as inedible com-
pared to children who did not interact with these dishwashing
tablets. Previous encounters with dishwasher tablets might
have helped these children refine their categorizations of safe

and unsafe objects that look like candy. As these interac-
tions were reported by their caregivers, we can assume that
caregivers were present and could have provided their chil-
dren with additional information (e.g., “Not everything that
looks like candy is candy!”). According to the literature on
the development of categorization (e.g., Gelman & Meyer,
2011; Sloutsky & Fisher, 2011), this additional information
could have further improved children’s categorization, lead-
ing to their better performance in the study. An alternative
explanation could be that the children’s prior experiences
with dishwasher tablets helped enhance their understanding
of safety issues (e.g., “I understand that not everything that
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looks like candy is candy.”), which is assumed to be an
important factor in reducing preschool children’s risk during
interactions with hazardous materials (Morrongiello et al.,
2014).

Regarding scent, the results of our study suggest that
children can be misled by fruity scents and therefore misclas-
sify these types of household chemicals as drinkable. These
results align with the reported characteristics of products
involved in poisoning incidents with household chemicals.
For example, they are often reported as smelling “fruity”
(e.g., Basso et al., 2014; Miller et al., 2006). Therefore,
we assumed that the fruity smell of the citrus and berry
cleaners led to increased ambiguity and children’s false
categorizations. However, our results also suggest that the
packaging of household chemicals can reduce this ambigu-
ity, as children gave fewer wrong answers after they saw
the corresponding packaging. Furthermore, we found some
differences in the packaging of these household chemicals
in reducing the number of incorrect answers the children
gave. Compared to the other two products, the packaging
of the citrus cleaner resulted in a lower reduction in incor-
rect responses. A closer look at this citrus cleaner revealed
that it has several characteristics that have been identified as
misleading by previous studies (e.g., images of animals and
food or pointy spout; Bosshart et al., 2022; Schneider, 1977;
Schwebel et al., 2015). Finally, our findings regarding color
and transparency suggest that preschool children perceive
black products as more dangerous and liked them less often.
Although transparency influenced children’s perceptions of
danger in their very first decisions, it generally did not appear
to play a role in their perception across all decisions. There-
fore, this result provides a more nuanced view of the effects
of color and transparency than prior research (Schneider,
1977; Schwebel et al., 2015). Consequently, preschool chil-
dren who are exposed to different unfamiliar products
unsupervised are most likely not to interact first with a
black and nontransparent product but rather with something
else.

To summarize, our study indicated that caregivers could
prevent unintentional poisoning in their children by reducing
the ambiguity of household chemicals, by avoiding food-like
packaging, light colors, and fruity scents. This additional
layer of protection can help keep their young children safe.
Caregivers can achieve this reduction by buying products
with neutral labeling or other packaging characteristics
distinct from food-like packaging, as suggested by previous
research (Basso et al., 2016; Buchmiiller et al., 2022; Gibbs
et al., 2005). In addition to reducing ambiguity, caregivers
can add another layer of protection by purchasing products
that facilitate risk perception for their children and gen-
erally reduce their attraction toward these products (e.g.,
household chemicals in black packaging). Furthermore, our
results support the recommendation to never put household
chemicals into other containers and to keep them always in
their original packaging, as the original packaging provides
important information for adults and children who encounter
these products. In addition, our results suggest that it may

be beneficial for caregivers to facilitate safe experiences
with hazardous products for their children, such as by hav-
ing them place dishwasher tablets in the dishwasher under
supervision. This might help preschool children further
improve their understanding of safety issues and reduce their
risk of interacting with hazardous products (Morrongiello
et al., 2014). However, these strategies should not be used
in place of other recommended safety measures, such as
safeguarding the household (e.g., dedicated and lockable
cleaning closet) or supervising children’s play. Instead,
these recommendations are meant to complement these
measures.

Furthermore, our findings have practical implications for
manufacturers. With product design playing an important role
in a saturated market, we understand that manufacturers rely
on eye-catching product packaging. However, manufacturers
could take a proactive position and come up with other ways
to do their part to reduce the risk of unintentional poison-
ing with household chemicals. Finally, our findings support
the current regulation by the European Commission (No.
276/2010) regarding the packaging characteristics of lamp
oil and lighter fluids. However, policymakers are advised
not to overregulate risks, as this can shift risks to other
domains, as described by the lulling effect (Viscusi, 1984).
For example, child-resistant packaging has been suggested to
reduce caregivers’ risk perceptions and their efforts to safely
store household chemicals (Bearth et al., 2022; Gibbs et al.,
2005). Measures should therefore focus more on informa-
tion campaigns to raise awareness of the risks and hazards of
household chemicals, especially among new caregivers with
their first child, to ensure safe practices at home from the
beginning.

5.1 | Implications for future research and
limitations

The present study investigated the effect of ambiguity on
preschool children’s categorization ability and risk percep-
tion. Although our study provides insights into children’s
categorization of household chemicals, there are still open
questions. In our study, children were more likely to cate-
gorize individually wrapped dishwashing tablets as edible.
However, it was unclear whether the children would remain
with this conclusion after they had unwrapped the dish-
washing tablet. Future research could investigate whether
preschool children’s initial categorization of food-like house-
hold chemicals holds even after removing food-like product
characteristics.

Furthermore, due to the design of this study, we could
not determine how these individual risk factors (i.e., pack-
aging, color, and scent) are weighted in young children’s risk
perception. Therefore, we could not draw conclusions about
how a combination of these attributes influences children’s
risk perception (e.g., are fruity-scented products in black
containers still perceived as dangerous?). Future research
could design studies specifically aimed at examining the
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relationship among different factors that are known to
influence children’s risk perception individually.

In addition, future research could explore how children
categorize dangerous objects, as understanding how chil-
dren categorize unfamiliar objects could provide important
insights into child-safe product design and risk communi-
cation. Therefore, an approach focusing on strategies (e.g.,
heuristics) that children use to categorize unfamiliar objects
Might be fruitful. Research on the use of heuristics in early
childhood has already been done (e.g., Geurten et al., 2015;
Gualtieri & Denison, 2018), and it would be interesting
to see how they could be applied in the field of house-
hold chemicals. For example, simple and easy-to-understand
heuristics or rules of thumb could be developed, commu-
nicated to children, and tested to determine whether they
increase preschool children’s safety understanding regarding
household chemicals.

In general, this study enhanced our understanding of the
effects of ambiguous product characteristics on children’s
categorization. However, these product characteristics were
assessed in a laboratory setting. Although this helps to control
for confounding effects and determine the effect of specific
product characteristics, most unintentional injuries happen
within a far more uncontrolled setting (e.g., the household;
Bryant et al., 2022; Roddy et al., 2004; Simpson et al., 2009).
Future research is needed to study children’s categorization
of household chemicals within more realistic settings or even
in caregivers’ homes to further improve our knowledge of the
factors leading to unintentional poisonings.

6 | CONCLUSION

This study adds to the existing literature, as it systematically
assessed the effects of ambiguous product characteristics on
preschool children’s categorization. Preschool-aged children
exposed to household chemicals with food-like product char-
acteristics can be deceived and therefore falsely categorize
these dangerous products as edible. These findings highlight
the responsibility of decision-makers, manufacturers, and,
most importantly, caregivers because they are the ones who
can directly influence the safety of children’s environments
through safeguarding and supervision. However, it is also
the responsibility of decision-makers and manufacturers to
either raise public awareness of this issue or continuously
improve packaging design not only to maximize sales but also
to improve their safety in everyday use.
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