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by shifting attention to stimulus dimensions that will reduce
error in the future (e.g., Kruschke, 1992, 2001). This error-
driven account might be extended to thematic category
learning, because, for example, negative feedback might
serve as a cue indicating to the learner to use prior
knowledge (or to use different knowledge), which in turn
might induce a shift in attention to features related to that
knowledge. Alternatively, shifts in attention may also arise
in the absence of error. That prior knowledge affects how
subjects spontaneously sort exemplars into categories
(and possibly which features are attended) in category
construction tasks in which corrective feedback is absent
(e.g., Kaplan & Murphy, 1999; Medin, Wattenmaker, &
Hampson, 1987; Spalding & Murphy, 1996) suggests that
attention may shift even on those trials during a supervised
learning task in which error is absent (Blair, Watson, &
Meier, 2009a).

To address these three questions, we conducted an
eyetracking study of supervised category learning in which
a subset of each category features could be related to a
common theme. In cognitive research, eyetracking has
been proven to be an effective tool to study on-line
attention (e.g., Ferreira & Clifton, 1986; Haider &
Frensch, 1999; Just & Carpenter, 1984; Lee & Anderson,
2001; Rayner, 1998). In recent years, it has been
successfully applied to studying selective attention in
category learning in the absence of knowledge (Blair et al.,
2009a; Blair, Watson, Walshe, & Maj, 2009b; Rehder &
Hoffman, 2005a, 2005b; Rehder, Colner, & Hoffman, 2009;
Watson & Blair, 2008). We now use eyetracking to study
how attention is affected by prior knowledge.

Overview of experiments

We constructed two categories of ants labeled “Dax” and
“Kez” from six binary dimensions. Figure 1 presents an
example of the prototypes of the Dax and Kez categories.
Unlike previous studies of thematic category learning
using verbal feature descriptions, we used spatially
separated pictorial features suitable for eyetracking.

Category exemplars were constructed using a one-away
structure that included prototypes of each category
(Table 1). In each category, four related features were
associated with a theme by describing them as useful in
either a cold or a hot climate. The other two neutral
features were unrelated to these themes. Table 2 presents
example feature descriptions for the prototypes in Fig. 1,
where antenna, mouth, forearm, and foot are theme-
related, and tail and wing are neutral. Participants learned
these feature descriptions prior to training to determine
how the themes of cold and hot climate would affect their
subsequent learning. They were provided with no initial
information regarding which feature went with which
category.

Because our materials were novel and required partic-
ipants to first associate each feature to its theme (also see
Krascum & Andrews, 1998), in Experiment 1 we first
conducted a non-eyetracking study to establish whether this
“prior knowledge” will induce standard knowledge effects.
First, to confirm whether such knowledge allows faster
learning, we compared learning performance in the related
condition in which themes were present (as described
above) to an unrelated condition in which themes were
absent (i.e., all six dimensions were neutral to the themes).
Second, in the related condition, we compared learning of
the related dimensions to the neutral ones, to confirm that
the former were learned better than the latter (as in, e.g.,
Heit & Bott, 2000). In Experiment 2, we conducted an
eyetracking study to address the main questions surround-
ing attention and prior knowledge.

Experiment 1

Method

Materials

Dax and Kez categories were constructed from six binary
dimensions: antenna, mouth, forearm, foot, tail, and wing.

A. Dax: Prototype (111111) B. Kez: Prototype (000000)
Fig. 1 Example prototypes
of the Dax and Kez categories
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Table 1 presents a category structure in which the Dax and
Kez prototypes were 111111 (Fig. 1a) and 000000 (Fig. 1b),
respectively. Across subjects, there were four assignments
of features to the Dax/Kez prototypes: 111111/000000,
101010/010101, 010101/101010, and 000000/111111. This
balancing resulted in each feature being paired with each
other and the two themes an equal number of times. In the
related condition, Daxes were related to the cold, tundra-
like theme and Kezes to the hot, desert-like theme. To relate
categories to the themes, four of the six dimensions were
accompanied with theme-related descriptions and the
remaining two had neutral descriptions (see Table 2 for an
example). To cancel out any effect of dimension’s screen
location (e.g., top vs. bottom) or type (e.g., head vs. tail),
different physical dimensions instantiated the roles of the
related and neutral dimensions. Across subjects, the neutral
dimensions were either tail/foot, wing/mouth, or forearm/
antenna, with the remainder being theme-related. In the
unrelated condition, all dimensions were neutral. The
Appendix presents the three types of descriptions (tundra,
desert, or neutral) for each of the 12 features in Fig. 1. The
two experimental conditions (related vs. unrelated), four

Table 1 Abstract structure for the Dax and Kez categories

Dimensions

Exemplars Tail Foot Wing Mouth Forearm Antenna

Dax

D0 1 1 1 1 1 1

D1 1 1 1 1 1 0

D2 1 1 1 1 0 1

D3 1 1 1 0 1 1

D4 1 1 0 1 1 1

D5 1 0 1 1 1 1

D6 0 1 1 1 1 1

Kez

K0 0 0 0 0 0 0

K1 0 0 0 0 0 1

K2 0 0 0 0 1 0

K3 0 0 0 1 0 0

K4 0 0 1 0 0 0

K5 0 1 0 0 0 0

K6 1 0 0 0 0 0

Table 2 Example feature descriptions for the Dax and Kez prototypes in Fig. 1. Four related dimensions were associated with either a cold or a
hot climate. The other two neutral dimensions were unrelated to these themes

Dimension Dax [tundra/cold theme] Kez [desert/hot theme]

Related

Antenna Because the temperature is very low,
parts of ants' eyes (e.g., cornea, iris, pupil)
often freeze and the ants become blind.
When that happens, this thread type of flexible
antennae is used to detect close objects.

Because the air is hot and dry,
the ants are vulnerable to dehydration.
To maintain hydration, the ants use this
fan type of antennae to absorb water
vapor from the air.

Mouth Because the ground is frozen, the ants
need to cut and break tough soil in
search of their food. This type of
mouth with sharp incisors serves
this function.

Because sources of food are covered
with sand, they need to be cleared
before swallowing. The inner surface
of the ants' mouth has short but stiff
hairs that filter out these impurities.

Forearm Because of frequent blizzards,
the ants need to anchor themselves
during high winds. This type of forearm
allows the ant to hold its position.

Because the ants' preys (e.g., fleas) hide
in sand, the ants use this type of
forearm to sweep the sand and
detect the prey.

Foot Because the ground surface is slippery,
the ants need to have wide feet to
maintain their footing.

Because the ground surface is extremely
hot, the ants switch the toe that comes
into contact with the ground in each
step to avoid burning.

Neutral

Tail The ants feed proteins stored in the
humps to their larvae using the sharp
nozzle in the end of tail.

The ants lay a large number of eggs
at a time. This trumpet-shaped tail
allows the ants to deliver a large number
of eggs.

Wings While flying, the ants control
their rapid changes in direction
by adjusting the fore- and rear-flaps
in each wing.

The ants have red spots in the wing ends.
The color becomes brighter in the mating
season by the hormones produced in the gray area.
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assignments of features to categories and three assignments
of related/neutral dimensions resulted in 24 experimental
cells.

Participants

Participants were 30 New York University undergraduates
who volunteered for course credit. They were randomly
assigned to the 24 cells with the constraint of at least one
person in one cell. This resulted in 14 and 16 participants in
the related and unrelated conditions, respectively.

Procedure

The experiment consisted of three phases: knowledge
acquisition, category learning, and a single-feature test.
During knowledge acquisition, participants studied 12
features. Each screen displayed an ant with one visible
feature and the other five features were hidden behind gray
rectangles (see Fig. 2, for an example). Below the ant were
descriptions about the visible feature. Participants studied
the 12 features at their own pace by navigating 12 screens
with left/right arrow keys. The bottom of each screen
displayed its number (1–12), and the presentation order of
the features was randomized for each participant. At this
point, no information was provided regarding which
category a feature would be associated with during
training.

To ensure learning, participants were required to take a
multiple-choice test followed by a recall test. Both tests
consisted of 12 questions, one for each feature. In the
multiple-choice test, a question presented an ant with one
visible feature, and participants chose one of the four
alternatives (Fig. 2). The order of the questions was
randomized for each subject. Immediate feedback was
provided for each question, and after the test, the total

number of errors. When any error occurred during the test,
participants were returned to the initial screens for
additional study and then retook the test that presented
only the questions they missed. This process repeated until
all questions were answered correctly.

The recall test ensured that participants could not only
recognize but also recall the feature descriptions
during category learning (otherwise, there would be no
effects of knowledge). This test was the same as the
multiple-choice test except that participants verbally
described each feature instead of making a choice. The
experimenter provided feedback for each question, and
after the test, the total number of errors. Any error during
the recall test obligated the participant to restart
the knowledge acquisition phase including initial learn-
ing, multiple-choice, and recall tests. This process
repeated until participants answered all recall test ques-
tions correctly. The knowledge acquisition took about 12
minutes.

The category learning phase began with two practice
trials. Training blocks then presented the 14 training
exemplars (Table 1) in random order. Each trial began
with a cross fixation (+) appearing for 1.8 s followed by
presentation of an exemplar. Participants classified the
exemplar by pressing “z” for Dax or “?/” for Kez.
Feedback was provided in words below the exemplar
(“Correct” or “Wrong”) and the exemplar remained visible
for 3.8 s after the response. For the practice trials, features
were replaced with geometric shapes, and one trial
displayed positive feedback and the other trial displayed
negative feedback. Training ended after two errorless
blocks in a row or after the 15th block. Participants were
informed of how close they were to this goal after each
block.

In the single-feature test, participants classified 12
features (as they did during training) randomly presented
in each trial (as in Fig. 2). No feedback was provided. After
each choice, participants rated confidence in the decision by
positioning a slider on a scale whose left and right ends
were labeled “Very Uncertain” and “Very Certain.” The
slider could be set to 21 distinct positions, and responses
were scaled to a range from 0 to 100. The whole
experiment took about 50 minutes.

Results

There were no effects of the counterbalancing factors in any
of the following analyses, and thus the results are collapsed
over these factors. Participants were very accurate in the
tests during knowledge acquisition. No participant made
more than a total of seven errors; 22 participants committed
no errors. Related (0.97) and unrelated (0.98) participantsFig. 2 An example of a multiple-choice question
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There was a main effect of dimension type, F(1, 19) =
17.61, MSE = .087, p < .001, confirming the greater chance
of fixating the related dimensions. There was no main
effect of block (p > .10) but a significant interaction
between dimension type and subblock, F(1, 19) = 26.53,
MSE = .051, p < .001, confirmed the increase (decrease) in
fixating the related (neutral) dimensions. Paired t-tests in
each subblock (Fig. 3b) revealed that learners were more
likely to fixate the related dimensions than the neutral
ones in all subblocks, p’s < .05, except subblocks 1, 2, 3,
and 6, indicating that they did not have a preference for
attending to the related dimensions until after almost a full
training block.

These results are further supported by the more
sensitive proportion measures in Fig. 3c. Because there
were four related and two neutral dimensions, a value of
0.67 (= 4/6) reflects a bias toward neither dimension type.
The figure shows that both proportion fixation number and
time start off around 0.67 and then shift in favor of the
related dimensions. T-tests comparing the first and last
subblock confirmed increase in both proportions, p’s <
0.001. In addition, both proportions were greater than 0.67
in all subblocks, p’s < .05, except subblocks 1, 2, 5, 6, 7,
and 8. These results are consistent with the fixation
probabilities in Fig. 3b indicating that learners’ preference
for the related dimensions emerged only after the
observation of category members (and the receipt of error
feedback).

Backward learning curves

The previous analyses indicate learners’ gradual shift in
attention to related dimensions during the course of
training. We also asked how that shift relates to error, that
is, whether negative feedback is required for shifts in
attention. To answer this question, we created backward
learning curves (Fig. 4) by translating each subject’s trial
numbers so that their last error occurred on trial 0 (and thus
subblock 0 always included the last error trial). Figure 4
includes ~10 blocks before the last error and ~3 blocks
after. (Trials after the last error include those from the last
two error-free blocks plus those correct trials from the end
of the previous block.) We padded out learner’s eye
movements in their first and last subblocks to the left and
right of Fig. 4, respectively, so that every subject contrib-
utes to each data point.
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Fig. 3 Eye-fixations results from Experiment 2. (a) Number of
related/neutral dimensions fixated. (b) Probability of fixation to the
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0.67 (= 4/6) line reflects fixation proportion in favor of neither
dimension types
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These results are further supported by the more
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0.001. In addition, both proportions were greater than 0.67
in all subblocks, p’s < .05, except subblocks 1, 2, 5, 6, 7,
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Figure 4a presents the number of dimensions observed
in each subblock. Of greater interest are Figs. 4b and c
which present fixation probabilities and proportion fixa-
tion number and time, respectively. First, consider the eye
fixations that occurred before the last error (i.e., on
negative blocks). Figure 4b indicates that the two
probabilities were initially indistinguishable but gradually
increased for the related dimensions and decreased for the
neutral ones. Likewise, Fig. 4c shows that both propor-
tions were initially around 0.67 but gradually increased in
favor of the related dimensions. Paired t-tests in each
subblock that compared fixation probabilities between
related versus neutral dimensions (Fig. 4b) revealed that
learners were more likely to fixate the related dimensions
from the subblock indicated by an arrow, p’s < .05. Both
the proportion fixation number and time measures
(Fig. 4c) were also significantly greater than 0.67 from
the same subblock indicated by an arrow, p’s < .05.
These results indicate that learners began to direct their
attention to the related dimensions a few blocks before the
last error.

Next, consider the eye fixations after the last error. Both
Figs. 4b and c indicate that the shift in attention continued
after the last error, that is, despite the absence of negative
feedback. After the last error, fixation probabilities for the
related dimensions rose from 0.78 to 0.90, and those for the
neutral dimensions dropped from 0.57 to 0.36. A 2×11
within-subjects ANOVA was conducted on the fixation
probabilities (Fig. 4b) with dimension type (related vs.
neutral) and subblock (1 to 11) as factors. There was a
main effect of dimension type, F(1, 19) = 22.92, MSE =
.717, p < .001, confirming the greater chance of fixating
related dimensions. There was no effect of subblock (F < 1),
but a significant interaction between dimension type and
subblock, F(10, 190) = 5.58, MSE = .027, p < .001,
indicated the increase (decrease) in fixating the related
(neutral) dimensions. Considering the two types of dimen-
sions separately, fixation probabilities increased from sub-
block 1 to subblock 11 for the related dimensions and
decreased for the neutral dimensions, p’s < .05. In Fig. 4c,
the two proportions also showed a reliable increase from the
subblock 1 to 11, p’s < .01.

Individual variation

We asked whether the patterns of eye fixations in Figs. 3
and 4 were manifested consistently by all learners. We
identified six learners whose eye movements were similar

Fig. 4 Backward learning curves from Experiment 2. (a) Number of
related/neutral dimensions fixated. (b) Probability of fixation to the
related/neutral dimensions. (c) Proportion fixation number/time
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Individual variation

We asked whether the patterns of eye fixations in Figs. 3
and 4 were manifested consistently by all learners. We
identified six learners whose eye movements were similar

Fig. 4 Backward learning curves from Experiment 2. (a) Number of
related/neutral dimensions fixated. (b) Probability of fixation to the
related/neutral dimensions. (c) Proportion fixation number/time

0

1

2

3

4

Related
Neutral

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

Related
Neutral

A. Number of dimensions fixated

B. Probability of fixation

C. Proportion fixation number/time

N
um

be
r 

of
 d

im
en

si
on

s
P

ro
ba

bi
lit

y 
of

 fi
xa

tio
n 

.
P

ro
po

rt
io

n

0.5

0.6

0.7

0.8

0.9

1.0

-10 -9 -8 -7 -6 -5 -4 -3 -2 -1 0 1 2 3

-10 -9 -8 -7 -6 -5 -4 -3 -2 -1 0 1 2 3

-10 -9 -8 -7 -6 -5 -4 -3 -2 -1 0 1 2 3

Proportion fixation number
Proportion fixation time

.67

Block

b

Mem Cogn (2011) 39:649–665 657



 3 

were both equally accurate (t < 1), suggesting that the
materials were easy to learn.

In category learning, 12 (of 14) related and 14 (of 16)
unrelated participants reached the learning criterion of two
consecutive errorless blocks. The related learners reached
the criterion in fewer blocks (5.50) than the unrelated
learners (8.57), t(24) = 2.85, p < .01, while committing
fewer total errors (8.67 vs. 19.07), t(24) = 3.29, p < .01.
These results replicated past findings (e.g., Murphy &
Allopenna, 1994) and confirm effectiveness of our material
in inducing the knowledge effect. Classification RTs
decreased during training with no differences between the
related versus unrelated conditions.

In the single-feature test, we asked whether related
learners showed better learning of the related dimensions
than the neutral ones (e.g., Heit & Bott, 2000). Table 3
indicates that the related learners were more accurate on
the related dimensions (0.89) than the neutral ones (0.71),
t(11) = 1.79, p = .10. They also classified the related
dimensions faster (2.9 s) than the neutral ones (4.1 s), t(11) =
1.48, p = .17. Although these effects did not reach full
significance, to obtain a more sensitive measure, we
computed signed confidence ratings in which the ratings
for correct trials were set to [0–100] and those for
incorrect trials were negated to [–100–0]. More positive
signed confidence ratings reflect more accurate and
confident responding; zero reflects chance responding.
Consistent with the accuracy and RT measures, the ratings
in the related condition were significantly higher for the
related (67.1) than for the neutral dimensions (37.0),
t(11) = 1.82, p < .05.

We also compared learning of the neutral dimensions
across conditions. We found that the neutral dimensions
were learned no worse in the related condition as compared
to the neutral condition (ps > .20 on all measures), a result
consistent with previous studies showing that prior knowl-
edge helps learning without hurting learning of knowledge-
unrelated information (e.g., Kaplan & Murphy, 2000). In

the General Discussion we will consider reasons for this
lack of difference in the learning of neutral features.

Discussion

Experiment 1 replicated standard results in thematic
category learning. First, learning occurred in fewer blocks
with fewer total errors in the related than in the unrelated
condition. Second, single-feature tests showed better learn-
ing of the related dimensions than the neutral ones
(marginal differences on accuracy and RT, significant
differences on signed confidence ratings). Together, these
results confirm that the knowledge effect is obtained even
when the “prior knowledge” is acquired during an
experimental session.

Experiment 2

The goal of Experiment 2 was to answer our three main
questions about how knowledge affects attention to theme
related versus neutral dimensions during learning by
replicating Experiments 1’s related condition with an
eyetracker. Because the purpose of the unrelated condition
was only to confirm that our new materials induced
standard knowledge effects, that condition was omitted in
Experiment 2.

Method

Materials

The materials were the same as in Experiment 1.

Participants

Participants were 24 New York University undergraduates
who volunteered for $10. They were randomly assigned in

Related condition Unrelated condition

Related dimensions Neutral dimensions Neutral dimensions

Experiment 1

Accuracy 0.89 0.71 0.76

Signed confidence rating 67.1 37.0 43.8

RT (seconds) 2.9 4.1 3.5

Experiment 2

Accuracy 0.91 0.70

Signed confidence rating 73.6 29.1

RT (seconds) 2.6 4.0

Table 3 Single-feature
test results from Experiments 1
and 2 (learners only)
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0t: The ants need to photosynthesize amino acids to sustain their life. Because 
the daytime is short, they use this fan type of antennae to maximize the 
surface area exposed to the sunlight. 

0d: Because the air is hot and dry, the ants are vulnerable to dehydration. To 
maintain hydration, the ants use this fan type of antennae to absorb water 
vapor from the air. 

0n: The ants use sunlight and moonlight to orient themselves. This fan-like 
antennae allows to absorb enough light for purpose of orientation.
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antennae allows to absorb enough light for purpose of orientation.

Antenna (1)Antenna (1) 1t: Because the temperature is very low, parts of ants' eyes (e.g., cornea, iris, 
pupil) often freeze and the ants become blind. When that happens, this thread 
type of flexible antennae is used to detect close objects. 

1d: Because the temperature is very high, the ants need to dissipate excess body 
heat. This thread type of antennae promotes heat dissipation. 

1n: The ants become blind at night and use this thread type of antennae to detect 
close objects. 

1t: Because the temperature is very low, parts of ants' eyes (e.g., cornea, iris, 
pupil) often freeze and the ants become blind. When that happens, this thread 
type of flexible antennae is used to detect close objects. 

1d: Because the temperature is very high, the ants need to dissipate excess body 
heat. This thread type of antennae promotes heat dissipation. 

1n: The ants become blind at night and use this thread type of antennae to detect 
close objects. 

Foot (0)Foot (0) 0t: Because the ground surface is extremely cold, the ants conserve body heat 
by switching the toe that comes into contact with the ground in each step. 

0d: Because the ground surface is extremely hot, the ants switch the toe that 
comes into contact with the ground in each step to avoid burning. 

0n: The ants communicate through chemicals called pheromones. Each of these 
three toes releases a unique chemical to convey different messages. 

0t: Because the ground surface is extremely cold, the ants conserve body heat 
by switching the toe that comes into contact with the ground in each step. 

0d: Because the ground surface is extremely hot, the ants switch the toe that 
comes into contact with the ground in each step to avoid burning. 

0n: The ants communicate through chemicals called pheromones. Each of these 
three toes releases a unique chemical to convey different messages. 

Foot (1)Foot (1) 1t: Because the ground surface is slippery, the ants need to have wide feet to 
maintain their footing. 

1d: Because of the sandy soil, the ants have wide feet that prevent them from 
sinking below the surface.

1n: The ants protect themselves from enemies approaching from behind by 
kicking with these sharp protrusions. 

1t: Because the ground surface is slippery, the ants need to have wide feet to 
maintain their footing. 

1d: Because of the sandy soil, the ants have wide feet that prevent them from 
sinking below the surface.

1n: The ants protect themselves from enemies approaching from behind by 
kicking with these sharp protrusions. 

Materials for Experiments 1 and 2 

The features and their associated knowledge are presented. There were 12 features, two features

for each of the six dimensions. For each feature, three types of knowledge (i.e., Tundra, Desert, & 

Neutral) were invented resulting in 36 descriptions in total.  
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Forearm (0)Forearm (0) 0t: Because the ground is slippery in the ants' environment, the forearm with 
thorn-like protrusions helps the ants to move without slipping. 

0d: Because the ants' prey (e.g., fleas) hide in sand, the ants use this type of 
forearm to sweep the sand and detect the prey. 

0n: When the ants engage in a fight, they use this saw-like forearm to tear the 
enemy apart. 

0t: Because the ground is slippery in the ants' environment, the forearm with 
thorn-like protrusions helps the ants to move without slipping. 

0d: Because the ants' prey (e.g., fleas) hide in sand, the ants use this type of 
forearm to sweep the sand and detect the prey. 

0n: When the ants engage in a fight, they use this saw-like forearm to tear the 
enemy apart. 

Forearm (1)Forearm (1)
1t: Because of frequent blizzards, the ants need to anchor themselves during 

high winds. This type of forearm allows the ant to hold its position. 
1d: Because of strong direct sunlight, the ants dig deep into the ground in order

to be cool when they rest. This type of forearm helps the ants to do the job 
easier and faster. 

1n: The ants sometimes plunder other ants' colony of eggs. This hook-type of 
forearm is useful in digging in search of the eggs.

1t: Because of frequent blizzards, the ants need to anchor themselves during 
high winds. This type of forearm allows the ant to hold its position. 

1d: Because of strong direct sunlight, the ants dig deep into the ground in order
to be cool when they rest. This type of forearm helps the ants to do the job 
easier and faster. 

1n: The ants sometimes plunder other ants' colony of eggs. This hook-type of 
forearm is useful in digging in search of the eggs.

Mouth (0)Mouth (0)
0t: Because sources of food are frozen and tough, the ants mash and grind them

using the upper and lower parts of the mouth before swallowing. 
0d: Because sources of food are covered with sand, they need to be cleared 

before swallowing. The inner surface of the ants' mouth has short but stiff 
hairs that filter out these impurities.  

0n: The ants are herbivorous. This long mouth is used to grind tough fibroid 
materials in plants before they are swallowed.

0t: Because sources of food are frozen and tough, the ants mash and grind them
using the upper and lower parts of the mouth before swallowing. 

0d: Because sources of food are covered with sand, they need to be cleared 
before swallowing. The inner surface of the ants' mouth has short but stiff 
hairs that filter out these impurities.  

0n: The ants are herbivorous. This long mouth is used to grind tough fibroid 
materials in plants before they are swallowed.

Tail (0)Tail (0) 0t: Because water tends to exist in a frozen state, the ants acquire water by 
collecting dew drops with this trumpet-shaped tail early in every morning. 

0d: Because the air is dry and water is scarce, the ants need to collect water 
whenever possible. This trumpet-shaped tail is used to collect rain during the
rare rainstorm. 

0n: The ants lay a large number of eggs at a time. This trumpet-shaped tail 
allows the ants to deliver a large number of eggs.
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collecting dew drops with this trumpet-shaped tail early in every morning. 

0d: Because the air is dry and water is scarce, the ants need to collect water 
whenever possible. This trumpet-shaped tail is used to collect rain during t
rare rainstorm. 

0n: The ants lay a large number of eggs at a time. This trumpet-shaped tail 
allows the ants to deliver a large number of eggs.

 

 

 

 

 

 

 

 

 

 

Mouth (1)Mouth (1)

1t: Because the ground is frozen, the ants need to cut and break tough soil in 
search of their food. This type of mouth with sharp incisors serves this 
function. 

1d: Because the air is dry and the sunlight is strong, food dries out quickly. T
ants hold their food in the cavity of their mouth on the way to their nest so 
that the food does not become dry. 

1n: The ants need to transport food to their colony. This mouth allows them to 
hold the food in the cavity of their mouth until they arrive at their colony. 

1t: Because the ground is frozen, the ants need to cut and break tough soil in 
search of their food. This type of mouth with sharp incisors serves this 
function. 

1d: Because the air is dry and the sunlight is strong, food dries out quickly. The
ants hold their food in the cavity of their mouth on the way to their nest so 
that the food does not become dry. 

1n: The ants need to transport food to their colony. This mouth allows them to 
hold the food in the cavity of their mouth until they arrive at their colony. 
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