ABSTRACT

Valerie Bidwell

Preschoolers’ Understanding of Arrows as Directiondicators
(Under the Direction of Dr. Janet Frick)

Arrows are very commonly used as directional indicsafor both adults and children.
Research has found that children are cued to lastef when cued by valid vs. invalid arrow.
Yet, for such a common directional symbol, it il &rgely unknown how children understand
this directional indicator. They may be using thimbolic meaning of the arrow, or perhaps
children are cued by more perceptual aspectshi&ersual weight of the arrow. This study
presented children with 10 various arrow stimudittiffered in direction and distribution of
weight. We asked children to use the arrow cuentbd hidden animal and recorded their eye
movements as they were exposed to the various Isti@ur results indicated that children 3
years and older were cued to look to the side atdat by the weight of the arrow but not to the
side indicated by the direction. Children youndmamt 3 years of age were not cued by the weight
or the direction of the arrow. These findings avasistent with past research on this topic and
may have implication for the understanding of alxgtsymbols in general, such as written
language.

INDEX WORDS:  Arrows, visual orienting, directionaldicators, visual weight, symbolic
understanding, cue attention, reaction times, logpkiehavior
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CHAPTER ONE
INTRODUCTION

Visual attention is a key aspect of cognitive depment for children. As they age,
children learn to orient their attention in respoits cues like another person’s eye gaze, hand
gestures, and other symbolic cues. One importaettittnal symbol, the arrow, is commonly
used by adults in their day to day lives; it's trest signs, painted on roads, even plastered on
the walls of our psychology building as a way teedi parents to the infant lab. Children may
also come in contact with this symbol anywhere flmoks to movies to toys. Yet, it is probably
rare that an adult specifically explains the megmhthis symbol to pre-school age children.

For a symbol that is so commonly used as a dineatimdicator, it is still largely unclear how
young children learn to understand this cue. Dy ¥kmow what it means? Can they interpret and
use this symbol? Are they attending to its symbieaning, or rather the perceptual information
it provides?

The present study seeks to investigate young emigiunderstanding of this common
and useful symbol. We will first look at the curteaesearch on visual orienting in response to
eye gaze, hand gestures, directional words, amadlyfiarrows. Research on symbolic
understanding of young children will also be disadleading us to question whether or not the
symbolic nature of arrows is fully understood byigg children. Finally, this paper will propose
a method for testing children’s understandingsrodvas and the findings will be reported and

discussed.



Literature Review

The study of visual orienting was greatly influedd® Posner’s visual orienting task,
which measures participant’s reaction times ine@asp to valid and invalid visual cues (Posner
& Cohen, 1984). Valid cues, which direct particifgmttention to the target location, result in
faster reaction times than invalid cues, whichdiparticipant’s attention away from the target
location. Research has shown that adults and ehildrient their attention in response to cues
like eye gaze (Langton & Burce, 1999), pointing (lward & Guajardo, 2002), directional
words (Hommel, Pratt, Colzato & Godijn, 2001), amcbws (Tipples, 2002). In other words,
participants respond faster to valid versus invalids across all of these domains. These studies
indicate that human attention can be directed tiindaoth social and symbolic cues. It has also
been found that attention can be cued by a stinthltss shown very briefly and does not
predict the location of the target (Friesen & Kitugee, 1998). These findings suggest that the
cue is triggering reflexive orienting, which is antomatic response in the direction of a cue,
rather than endogenous orienting, which is a mehberate interpretation of the cue followed
by a conscious response.

Eye gaze has been found to cue the attentionulfssd.angton & Bruce, 1999), children
(Ristic, Friesen & Kingstone, 2002; Chawarska, Kivolkmar, 2003) and infants (Brooks &
Meltzoff, 2002; Hood, Willen, & Driver, 1998). Ewithtly, people learn to use eye gaze as a
directional cue, even at a very young age. The nstaieding of another person’s eye gaze is
crucial for engaging in joint attention, which ocgwhen social partners mutually direct their
attention to a particular place or object (Scaif@&ner, 1975).The ability to engage in joint
attention is key for many other social and cogeitikills. Thus, eye gaze is an important

contributor to the child’s developmental proce€ther social cues, such as pointing have been



found to have similar effects on attention as eayzsegWoodward and Guajardo (2002) found
that 12-month-old infants were cued to look at Bject when an adult pointed toward it. This
study shows that social cues other than eye garalsa be used to cue attention, even at a
young age.

There are many symbolic indicators of directiargtsas directional words and arrows,
that also cue attention (Hommel et. al, 2001).o&s have been found to produce faster reaction
times for adults (Tipples 2002) and children asngas 4 years of age (Ristic et al., 2002;
Senju, Tojo, Dairoku & Hasegawa, 2004). Studies these show that a directional cue does not
have to be social in nature to trigger visual diren Because of their symbolic nature,
directional cues like words and arrows requirehgligmore interpretation than more social cues
like eye gaze.

It is clear that arrows can cue the attention afmgpchildren, but does this necessarily
mean that they understand the symbolic meaningatihaivs denote? According to Judy
DeLoach (1987), symbolic understanding typicallyeeges between 2 %2 and 3 years of age.
This symbolic realization is important to childreninderstanding and interpretation of written
language, pictures, and signs. As symbolic undedstg develops, children become more adept
at interpreting these symbols. This would suggést), that the full understanding of arrows
must also develop over time. Therefore, we must\abkn young children and infants are cued
by arrows, how well do they understand their synthohture? It may be that young children are
not attending to the symbolic meaning of the arrdws are instead being cued by the perceptual
information it provides. Children may be cued tokon the direction of the arrow because that

is the side where its visual weight is heaviest.



Rationale

In order to investigate what properties of an\arooie attention, Krisztina Varga
designed 10 different arrow stimuli (see Figuréhbt would indicate whether participants were
cued by the perceptual weight or directional infation of the arrow (Varga, Frick, Stansky,
Beck, Dengler & Bright, 2009). In Experiment 1, @énethors presented each of these different
types of arrow stimuli followed by a picture on mside of the screen to children 3 to 5 years of
age. This study measured the children’s reactioediby coding their eye movements. Their
results showed that the 3- to 5-year-olds were tyetie weight of the cues, but not their
direction. The authors were hesitant to say, howekat children 5 years of age do not
understand the directional information of an arr@ecause the arrows were presented for only
1000 ms, children may not have had time to prottesslirectional information presented in the
cues. Perhaps these children were reflexively tiyadeight because they did not have time to
interpret the symbolic meaning of the arrow.

Experiment 2 was then conducted using a more ictigeamethodology to investigate
how children would perform if they were given asamtime as necessary to process the arrow.
(Beck, Swindler, Stansky, Johnson, Varga & Frid)2). Preschoolers and infants were
presented with a weighted arrow (Figure la) pldestdieen two buckets. Children were
instructed to use the arrow and point at the buttiadtthey thought was hiding a small toy. They
found that children as young as 2 % years of age afale to use the arrow to find the hidden toy
which confirms that children are cued by the arrad@wever, because the weight and direction
of the arrow pointed toward the same side, thidifig does not answer the question of whether

children were cued by the weight of the arrow sditrection.



The current study is designed to answer some djukstion presented by these two
studies. The authors of Experiment 1 questionedhvenehildren were able to extract the
directional information from the arrow in the shamount of time that it was displayed. In order
to address this question, we displayed the arreMauthe entire duration of the trial to give the
child as much time as necessary to process anh@seie. Similar to Experiment 2 described
above, children are asked to use the picture imillelle (the cue) to decide where an animal is
hiding. These directions further encourage thedcéil to use the cue instead of relying solely on
reflexive orienting. Instead of asking childrerstmply watch the screen as in Experiment 1, we
instructed them to point to the side where theygfim the animal was. Because pointing is a
deliberate decision, it should give a more accurgpeesentation of how the children are using
the arrow. Overall, this method should allow usnmre easily examine children’s true
understanding of the arrow.

Hypothesis

We expected to find that between 2 and 5 yeaagjef children will develop an
understanding of the directional meaning that asrowdicate. Therefore, we expected to see
younger children being cued by the perceptual weafithe arrow and older children being cued
by its directional information. If this is the casee would observe that older children more
consistently look to the side indicated by the cimnal aspects of the arrow. On the other hand,
we would observe that younger children will moresistently look in the direction indicated by

the visual weight of the arrow.



CHAPTER TWO
METHODS

Participants

We tested 34 preschoolers, age 2-5 years oldawitiean age of 3.5 years. The mean age
for kids younger than 3 was 2.8 (N=14) and the nagnfor kids older than 3 was 4.1 (N=20).
We recruited interested participants using ourtexgdatabase and contacted them by phone.
Both the child and his or her guardian were toldutlthe study and asked to provide their
written consent or assent. In addition, the guardias asked to fill out a health and
demographics form. The participants were each msdig number, which was used to identify
them from that point forward.
Apparatus

A computer and a Sharp rear projector (model XG>XQ5vere used to display images on
a screen in front of the children. As the partiaisavatched, they were videotaped using two
Panasonic VHS cameras (model LT75). One camerdogased on the child’s face while the
second camera videoed the images on the screemwdhadeo images were combined using a
Videonics Digital Video Mixer (model MX-1) to dispy them both in a split screen view. Trials
were later coded using Noldus Observer 5.0.
Simuli

In order to investigate whether children are redyam the directional information from
arrows or simply the visual weight, we used tefiedént arrow stimuli to tease apart these two
factors (see Figure 1). These stimuli each fit onte of two categories: weighted or balanced

cues. The weighted cues hold all of the visual Weag one side of the stimulus, similar to a



typical arrow. The balanced cues have an equal atradweight on each side. In order for a
participant to be cued by the balanced arrowsrish® would have to attend to the directional
information because the weight of the stimulusvesndy distributed.

Of the weighted stimuli, there are several différares to further tease apart weight and
direction. We included weighted arrows (Figure tha} participants may be familiar with. These
arrows will cue children similarly whether they aedying on weight or direction. We also
included ambiguous weighted stimuli (Figure 1b)jckhpoint in a different direction than the
visual weight would suggest. These arrows wouldatukelren differently depending on whether
they are relying on directional information or wtig Finally weighted squares (Figure 1e) do
not indicate any directional information, and coatdy be understood using weight.

Balanced arrows (Figure 1c) indicate direction, tattweight since there is equal weight
on each side. These stimuli would only cue chilomo attend to the directional information of
the arrows, not weight. The arrowheads on ambigbalenced arrows (Figure 1d) point in both
directions and are equally weighted. These ambigbalanced arrows would not provide
information to children relying on weight or diremt. Finally, balanced squares (Figure 1f) also
do not indicate any directional or weighted infotima so participants would not be able to use
either understanding.

Procedure

The children sat in a chair or in their parenag In front of a screen approximately 60cm
away. Before beginning each session, children weddeto use the picture in the middle of the
screen (the cue) to decide where they thoughtrihead was hiding. They were then shown one
of ten different kinds of arrow stimuli in the cenbf the screen for 1000 ms. This arrow

stimulus remained on the screen and was joineavbydentical pictures of a bucket, one on



either side of the stimulus. Children were thekedgo point to the bucket they thought hid the
animal. We did not use pointing response in outy@es; these instructions were only intended
to keep participants engaged in the study. Ratherdependant variable was the direction of the
participant’s first look on each trail. Once thegde a recognizable point to one side, they were
then shown a picture of the animal and asked tcenirAgain, this response was not recorded
and was only used to make the study more “gamé-dikd keep the children interested.
Participants were presented with up to 25 trials.
Coding

Each trial was classified as either usable or ables In order for a trial to be considered
usable, the participant had to be on task for theeetrial. This means that the child watched the
screen for the entire time the stimulus was disglaand then made a recognizable look to one
side. Trials that did not meet these standards nereoded. The usable trials were then coded
for the direction of the participant’s first loold different coder later recoded 20% of the videos

for reliability.



CHAPTER THREE
RESULTS

One-sample t-tests were used to examine whethehiltzen’s percentage of correct
responses were different from chance responsecoMpared the percentage of correct
responses on each type of trial to 50%. If theemiresponses are significantly different than
50% then we can conclude that children are notoradipg at chance levels. The results of the t-
tests show that children younger than 3 years efpggform at chance levels with both weight,
t(13) = 1.461p=.168, and directional cuet$12) = 1.508p=.157. These results indicate that
neither weight nor direction cued children younthamn 3 years of age. However, children older
than 3 years of age perform at a level that is almiance when using weigh(tl9) = 5.269,
p<.002, but perform at chance level when using tiwact(18) = 0.119p=.907. These results
show that weight cues children older than 3 ye&ege, but direction does not.

The mean percentage of correct responses for ehilglvunger than 3 years of age when
using weight was 58%8D = 22) and 43%3D = 16) when using direction. For children older
than 3 years of age, the mean percentage of coagmbnses was 66% = 13) for weight and

50% D = 13) for direction (see Figure 2).



CHAPTER FOUR
DISCUSSION

The present study was designed to investigate whettildren are cued by the weight of
the arrow or the direction it indicates. Our resutidicate several interesting findings. First®-
5- year-olds are cued by the visual weight of agomot the directional information as we had
hypothesized. There is no evidence to indicatechiédren respond to the direction of the arrow
more than they would by chance. These resultsarsistent with the findings of Experiment
1(Varga et. al, 2009), which also found that cl@tdB to 5 years old were cued by the visual
weight of the arrow, but not the directional infaton.

There are several possible reasons this patterbdesobserved in both studies. Because
we presented the children with so many differeintgi, some of which did not have a correct
response, children may have been distracted f #ike different aspects of the cues. In future
studies it could be helpful to present childrenwanhly two stimuli: a balanced and a weighted
arrow. This would still provide information aboutva children are using the two different
aspects of the arrow and would not risk confusiregahildren with too many conflicting stimuli.
Individual differences between participants cousbalay a role in explaining why children
don’t appear to use the directional aspects oathaw like we would expect them to. It is very
possible that some children use the directionarmétion of the arrow while others do not.
These individual differences in children could maskeffect that in fact does exist. Therefore, in

the future each child’s performance should be erathindividually.
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Our results also indicate that children who arenger than 3 years of age are not
consistently cued by either aspect of the arroves€lresults are not consistent with the findings
of Experiment 2 (Beck et al., 2009) which showedt tthildren as young as 2 % years of age
were cued by a typical arrow to point in the dil@etindicated. If 2% -year-olds can be cued by
typical arrows, then we must question why our risswbuld show that they are not cued by
either weight or direction of the arrow?

Again, individual differences could account for soof the disagreement between the
two studies. Also, our array of various stimuli niegve again complicated the results more so
than the typical right and left facing arrows uge&xperiment 2. Finally, the differences may
have been due to our differing methods of datacbttn in the two studies. The dependent
measure for Experiment 2 was the child’s reachingointing behavior toward a target, while in
the present study we were interested in childrer@king behavior. Perhaps the physical
movement involved in pointing encourages childeeprovide a more deliberate response than
looking behavior would. We have recorded pointiegpponses and will analyze this data in the
future, but for the present study we were onlyriggéed in looking behavior.

Though many new research questions have been taysbds study, it has confirmed
that pre-school age children who are cued by awaare not always using the symbolic
meaning it denotes. This study indicates that pv@sicage children may initially be using the
visual aspects of arrows when learning to undedstia@m. It may also have implications for the
development of symbolic understanding in generatiriy the time period that children are
learning to use arrows they are also learning abwuty other symbols like letters and numbers.

Perhaps there is a connection between these ditfeyenbolic aspects.

11
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