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This article examines a study in which young children were exposed to a computer story that
varied the amount of control that children had over the visual and verbal content. Children
who controlled the computer demonstrated more attention and involvement than those who
watched an adult control the experience. Boys who had an adult control the program were
more likely to try to gain control of the activity by making attempts to get the mouse or by ask-
ing to change activities. Control, however, had no effect on children’s memory of visual or
verbal content. The implication is that control is an engagement feature that has its greatest
impact when examining attention and interest, a lesson that may facilitate constructive early
adult-child interactions with educational computer software.

New interactive media are now integrated into the fabric of children’s daily
lives (Rideout, Vandewater, & Wartella, 2003). Online programs for very young
children are routinely accessible, and promises of enhanced learning from this
potential new form of education abound. For young children, this means early
computer experiences that focus on preacademic skills, such as prereading
activities, can be targeted.

Interactivity is highlighted as the mechanism that will enhance children’s
attentional interest and learning from the newer media. Interactivity can be
defined as an exchange of actions or ideas that builds on previous exchanges
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(Rafaeli, 1988). Interactivity, embedded in human experiences, involves con-
trol, responsiveness, and turn taking (Sims, 1997; Wartella & Jennings, 2000).

In the study conducted here, we examined interactivity in terms of varying
degrees of child control of the learning experience. We were interested in how
control affected young children’s attention to, and subsequent learning of,
visual and verbal content adapted from an online children’s storybook. Our
major hypotheses were that personal control would enhance children’s
attentional interest in the program but that adult control would enhance chil-
dren’s learning of the targeted verbal program content.

INTERACTIVITY: CONTROL AND CHILDREN’S LEARNING

Interactivity is not unique to newer media. It has its core in human interaction
processes that occur from the first moments of life when mothers and their new-
born infants develop mutually responsive turn-taking skills (Shonkoff &
Phillips, 2000). This responsive environment allows the infant to experience
contingent replies to his or her actions and to learn how to control early commu-
nicative and social exchanges.

How the child relates to a computer may have its roots in the early relational
structures built in human relationships. A medium is interactive when it allows a
responsive exchange, just as in human relationships. Well-structured computer
software depends on turn taking (the child’s turn, the computer’s turn), contin-
gent immediate responses to a child’s actions (providing specific replies to what
a child does), and control over the learning situation (making it possible for the
child to pursue his or her own interests at his or her own pace).

Personal control, the target of our inquiries here, may facilitate attention and
interest because children may be more engaged in activities that they choose to
do. However, adult control may facilitate learning because adults can direct chil-
dren to important program content.

PRODUCTION FEATURES AND CHILDREN’S LEARNING

The kind of content that children selectively remember early in life favors
visual as opposed to verbal learning (Hayes & Birnbaum, 1980). However,
American parents and the American educational system are much more invested
in verbal literacy than in visual or audiovisual literacy (Calvert, 1999). Efforts to
enhance preliteracy skills, such as vocabulary and word recognition, are empha-
sized by educational media in the early years of life (Anderson, Huston,
Schmitt, Linebarger, & Wright, 2001). On one hand, visual content can even
enhance young children’s learning and memory of verbal content, particularly
when the visual content supports and supplements the verbal material (Calvert,
1999). On the other hand, interesting visual techniques can also distract children
from learning the verbal material, a phenomenon known as the visual superior-
ity hypothesis (Hayes & Birnbaum, 1980). For media production values to
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augment verbal learning, visual content should supplement and reinforce the
verbal auditory track (Calvert, 1999).

Young children enjoy hearing stories (Snow, 1993), and embedding impor-
tant linguistic content within a televised story can facilitate language develop-
ment (Linebarger & Walker, 2005 [this issue]). Viewing the same stories repeat-
edly, presented in book or televised formats, also helps young children learn the
content (Crawley, Anderson, Wilder, Williams, & Santomero, 1999; Snow,
1993). However, if educational material is not seamlessly embedded into the
story, then narrative dominance may occur. That is, children will allocate their
attention to learning the story content at the expense of targeted verbal material
(Fisch, 2000; Lee & Huston, 2003). Not surprisingly, software created for chil-
dren often contains lessons embedded in a story, but those stories contain visual
content that can potentially enhance or distract youngsters from understanding
the targeted verbal educational content.

GENDER PATTERNS

Although the evidence is sometimes mixed, patterns of learning suggest that
girls enjoy an advantage over boys in language development (Maccoby, 1998).
In particular, at early ages, girls seem to acquire vocabulary sooner and use lan-
guage more so than boys (Maccoby, 1998; Ruble & Martin, 1998).

Boys tend to remember visually presented content better than girls, and girls
tend to remember verbally presented content better than boys (Calvert, 1999;
Greenfield, 1993). Girls’ learning of important content also benefits more so
than boys’ learning when an adult verbally labels televised content; by contrast,
boys tend to act on and master important content after engaging in program-
related activities such as role-playing (Friedrich & Stein, 1975). Taken together,
these findings suggest that boys may focus on and learn more from visually pre-
sented, action-based material, whereas girls may benefit more from adult verbal
labeling of content.

Boys also act in agentic ways that are in keeping with the masculine role more
so than girls do. For instance, young boys tend to be more aggressive and, hence,
more assertive than young girls (Maccoby, 1998; Ruble & Martin, 1998). There-
fore, we expected young boys to exert more control-directed efforts than young
girls, particularly when an adult was solely controlling the computer experience.

THE PRESENT STUDY

The purpose of this study is to examine the effect of user control on children’s
attention to, and learning of, content presented in a computer story.

HYPOTHESES

Based on the literature on control and attention, we hypothesized that
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Hypothesis 1: Children will be more attentive when they have more rather than less
control in a computer learning experience.

Hypothesis 2: Children, particularly boys, will make more efforts to take control of
the activity when they have less rather than more control of the computer learning
experience.

Based on the literature on production features, gender, and information-
processing skills, we hypothesized that

Hypothesis 3: Children, particularly boys, will learn more visual information when
they have control of the learning situation because they will be more invested in
the visual content.

Hypothesis 4: Girls will learn more verbally presented content than boys, particularly
when an adult mediates and directs their attention to the verbal content.

Hypothesis 5: Children will learn more verbal information when they share control
with an adult or when the adult controls the computer learning experience because
left to their own devices, children will focus on the visual more than the verbal
content.

Early reading skills are expected to serve as a moderator of our predictions
and, thus, we hypothesized that

Hypothesis 6: Better readers will show more interest in, and learning of, verbal writ-
ten content.

METHOD

PARTICIPANTS

Participants were 53 preschool-aged children (M = 4 years, 8 months, SD = 6
months) who attended one of three facilities (one public primary school, one pri-
vate primary school, one private day care facility) in Washington, D.C. There
were 24 boys and 29 girls, representing Caucasian (62%), Latino (9%), Asian
(9%), African American (8%), Indian/Middle Eastern (6%), and other mixed/
unknown ethnic groups (6%).

STIMULUS AND TREATMENT CONDITIONS

An online Nickelodeon Blue’s Clues storybook, titled Blue Is My Name, was
the stimulus for this study. The story has 13 pages. The words of the story are
written in the upper-left-hand corner of the screen. When the cursor is rolled
over the targeted vocabulary items, a pictorial representation of the written con-
tent appears. For instance, when the word blue is rolled over with the mouse, a
visual image of the character, Blue, appears on the screen, with the word
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appearing below the image in a smaller font. The child does not hear the words
unless the adult experimenter reads them aloud.

On the remainder of the screen, a picture of story events appears. When many
of the visual icons are rolled over, interesting visual and auditory effects occur.
For instance, when the icon of a mother bird is rolled over with the mouse, she
releases worms into the mouths of her baby birds who are making “peeping”
noises to be fed. A musical soundtrack plays throughout the story.

The story was reprogrammed so that only central story material moved or
made interesting sounds to ensure that the incidental content (e.g., bubbles pop-
ping) was not distracting to children. Central story content was defined as plot-
relevant content that was necessary to understand the narrative (Collins, 1970).
Incidental story content was the content that was irrelevant to the plot (Collins,
1970). Another type of central content studied here involved the targeted written
vocabulary items that changed from icons into words when scrolled over with
the cursor.

This edited story was presented four times in one of four conditions: (a) an
adult control condition in which the adult controlled the mouse and read the
story as the child observed what was occurring, (b) a joint control condition
where the adult and child took turns interacting with the content (i.e., the adult
read the story and the child then explored the content and advanced the pages),
(c) a child control condition in which the child was told that he or she could con-
trol the mouse as the child interacted with the program, and (d) a no-exposure
condition where children answered the subsequent comprehension measure but
never saw or interacted with the actual computer program.

PROCEDURE

Children participated individually in their respective randomly assigned
computer treatment condition for two sessions with an adult. There were two
repetitions of the story for each session on 2 different days of the same week.
The first session was approximately 10 minutes in length, and the second was
approximately 20 minutes in length because we asked comprehension measures
at the end of Session 2. Children in the no-exposure condition participated in
only one 10-minute session where they answered the comprehension measure.

Visual attention. Visual attention during the two sessions was videotaped
using a digital camcorder. A trained observer scored eyes “on” and “off” the
computer screen. Interobserver reliability, calculated as the duration of time for
exact overlap of onsets and offsets of looks, was 99% for eyes on screen and
90% for eyes away from screen.

Control efforts. To examine children’s efforts to take control of the experi-
ence, we later used the videotapes and written transcripts of the session to score
three behaviors: (a) child requests to use the mouse, (b) child reaches for mouse,
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and (c) child requests to do a different activity. Interobserver reliability, com-
puted as 2 times the number of agreements divided by the total number of scores,
was 86%.

Teacher evaluations of prereading skills. Children’s teachers were asked to
rate each child on his or her early reading skills on a 3-point scale where 1 = does
not recognize any words, 2 = recognizes a few words, and 3 = recognizes many
words.

Comprehension measure. At the end of the second session, all children,
including those in the control condition, were asked two kinds of questions: (a)
those in which we examined recognition of the vocabulary words that were part
of the written story (n = 14) and (b) those in which memory of the central visual
story elements was examined (n = 7).

All written words that had been targeted in the computer story composed the
verbal vocabulary recognition measure. A sample item examining verbal recog-
nition of specific targeted words is “Point at the word for [picture of rain hat is
shown, and the experimenter says the word rain hat].” The child then pointed at
one of the following words: (a) Rain hat, (b) Shoes, or (c) Crayon.

The central story visual comprehension measure was created following pro-
cedures developed previously by Calvert (e.g., Calvert, 1992). Initially, a team
of researchers targeted central and incidental content from the program and put
them in an open-ended questionnaire. Then 20 undergraduate and graduate stu-
dents rated each question as central or incidental to the program plot and wrote
the answers to each question. Story items with a minimum centrality rating of
70% were retained. A sample item requiring recognition of central visual story
content is “What color is Blue’s favorite towel?” The experimenter then pointed
at pictures of a purple, a red, and a blue towel, respectively.

The experimenter read each question aloud to each child who could select his
or her response either by saying A, B, or C or by pointing at a response choice.
The experimenter circled the child’s response selection on an answer sheet.

RESULTS

ATTENTION TO THE COMPUTER PROGRAM

A 2 (gender) × 3 (condition) × 4 (attention) repeated measures ANOVA was
conducted with attention to the four program exposures as the repeated mea-
sures variable and reading level as a covariate. The analysis yielded a significant
main effect of attention, Wilks’s Lambda = 8.10, p < .001, ηρ

′ 2 = .448, and an
Attention × Condition interaction, Wilks’s Lambda = 2.59, p < .03, ηρ

′ 2 = .206.
Follow-up analyses revealed significant differences in children’s attention to the
four program exposures within the adult control condition, Wilks’s Lambda =
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4.89, p < .03, ηρ
′ 2 = .62; as well as a trend within the joint control condition,

Wilks’s Lambda = 3.12, p < .09, ηρ
′ 2 = .5; but not within the child control condi-

tion, Wilks’s Lambda = 1.35, n.s. These are strong effect sizes, particularly
given the relatively small sample size of this study.

As seen in Figure 1, attention to the computer program during the child-con-
trol condition was relatively consistent across the two sessions and four repeti-
tions of the activity. By contrast, in both conditions where the adult controlled
parts or all of the interaction, children’s attention declined from the first to the
second repetitions for both sessions. These drops in attention were especially
steep in the second session when the adult controlled the entire activity, suggest-
ing increased habituation and loss of interest with time when adults use a con-
trolling interaction style.

EFFORTS TO CONTROL TASK: ASKS FOR OR REACHES
FOR MOUSE OR REQUESTS CHANGE OF ACTIVITY

We expected children, particularly the boys, in the adult control condition to
put forth more efforts to control the story they were observing than children in
the child control or joint control conditions. Efforts to take control of the activity
were gauged by requests for the mouse, whether physical or verbal, plus
requests to do a different activity. Control efforts were summed across all ses-
sions. A 3 (condition) × 2 (gender) ANCOVA was conducted on control efforts
with reading level as a covariate.

The two-factor ANCOVA computed on control efforts yielded a main effect
for gender, F(1, 37) = 4.49, p = .04, which was qualified by a Condition ×
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Gender interaction, F(1, 37) = 3.29, p = .05. The reading competency covariate
was also significant, F(1, 37) = 4.73, p < .04, with better readers making more
efforts to control the activity. As predicted, boys made more efforts to control the
activity than girls did, particularly in the adult control condition (see Table 1).

LEARNING STORY CONTENT AND
VOCABULARY RECOGNITION

Visual learning. A 2 (gender) × 4 (condition) ANCOVA was conducted with
reading level as the covariate and learning the visual story content as the depend-
ent variable. The two-factor ANCOVA computed on visual learning scores
yielded a main effect of condition, F(1, 44) = 7.05, p = .001. Not surprisingly,
children in any Blue’s Clues treatment condition recognized more visual con-
tent than the no-exposure control group did. Means were 5.64 (SD = .74) for the
adult control condition, followed by 5.54 (SD = 1.05) for the child control condi-
tion, 5.38 (SD = .96) for the joint control condition, and 4.00 for the no-exposure
condition (SD = 1.29).

As expected, boys tended to recognize more visual story material than girls
did, but this predicted advantage emerged only as a trend, F(1, 44) = 3.27, p < .08
(boys, M = 5.41, SD = 1.18 vs. girls, M = 4.93, SD = 1.19). Children’s reading
skills had no impact on their recognition of visually presented content, nor did
those in the child control condition show any benefits for memory of the visual
content. Put another way, most children remembered the visually presented con-
tent relatively well.

Verbal learning. A 2 (gender) × 4 (condition) ANCOVA was conducted with
reading level as the covariate and learning the targeted words as the dependent
variable. The two-factor ANCOVA computed on verbal learning scores yielded
a main effect for the covariate of reading level, F(1, 44) = 4.61, p < .04. Better
readers recognized more words than poorer readers. Contrary to prediction,
there were no effects of condition or of gender in the overall ANCOVA.
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TABLE 1: Efforts to Control Task as a Function of Condition and Gender

Mean Standard Deviation Sample Size

Boys Girls Boys Girls Boys Girls

Child control 0.67 0.00 1.03 0.00 6 7
Joint control 2.00 2.50 2.53 2.88 6 6
Adult control 7.33 1.84 10.17 1.86 6 7



DISCUSSION

The purpose of this study was to examine the effects of adult control on
young children’s attention to, and memory of, content presented in a computer
story. As expected, children were less interested in the story and became less
attentive across repetitions when an adult controlled the situation and children
had little personal control of the learning situation. These drops in attention
were steepest when the adult had total control of the mouse, particularly in the
last session. By contrast, when children controlled the session, there was never a
significant drop in attention across sessions, a finding that was unique to their
group. The results suggest that user control plays an important role as an
engagement feature that can facilitate children’s attention to and interest in
computer activities.

Even though there were variations in attention across treatment conditions,
overall attention was relatively high, with averages across sessions generally at
more than 90% except for the last exposure for children in the adult control con-
dition. This high level of attention may have occurred because there was little
else for children to do during the sessions, although some did wander off task,
looking around the room. Children also became less attentive and made more
requests to change activities during sessions when they could only watch what
the adult was doing. Efforts to take control were particularly pronounced for
boys, who are generally more aggressive and, hence, more assertive than girls in
their interaction styles (Maccoby, 1998; Ruble & Martin, 1998).

In contrast to the attention findings, there were no differences across condi-
tions in examining children’s memory of the content. We tapped into both visual
and verbal measures of memory. For recognition of visual story-related
responses, the only treatment difference was between all treatment conditions
and the control group who received no exposure to the content. Consistent with
previous literature (see Calvert, 1999), boys tended to remember more visually
presented content.

For comprehension of the targeted written words, only reading skills pre-
dicted children’s recognition of specific written words that had been presented
in the story. Our findings did not support those found in the television literature
where adult mediation improves children’s learning of content, particularly
girls’ learning of verbally presented content (e.g., Friedrich & Stein, 1975).
Instead, we found no impact of adult mediation on children’s learning of verbal
content, and attention was actually higher with time when the adult followed the
child’s lead for interactive media.

The failure of children to remember verbally presented material from the pre-
sentation, even after mastering the visually presented content, can be interpreted
in at least two ways. First, our findings are consistent with previous research
documenting a visual superiority hypothesis in which children direct their
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attention and remember the visually presented content at the expense of the ver-
bally presented content (Hayes & Birnbaum, 1980). Second, the findings also
point to the problem of narrative dominance: That is, children allocate their
attention to understanding the story at the expense of the targeted verbal educa-
tional material when the vocabulary items are not tightly woven into the plot line
(Fisch, 2000; Lee & Huston, 2003). Contrary to Fisch’s (2000) recommenda-
tion, a simple story does not necessarily lead children to invest more resources
into understanding academic content, at least when the narrative is not closely
linked to the learning activity. That children’s visual attention increasingly
drops off with time in conditions when the adult controls the mouse and reads
the story is suggestive: Children, particularly boys, seem to get bored across
repetitions when they are not in charge of the activity.

Although control did not have major effects on young children’s learning,
there are some caveats. Because repetition enhances learning of televised media
content at young ages (Crawley et al., 1999), the repetition of the computer pro-
gram may have led to a ceiling effect for learning the visually presented content.
A repetition effect may have been exacerbated because we highlighted only cen-
tral story content, thereby reducing potential content distractions. However,
children are exposed to the same books repeatedly, so repetition is the normative
experience (Snow, 1993).

Another caveat of the findings is that young children are used to adults read-
ing to them, giving them directions, and controlling the activity in ways that an
older age group may not readily accept. Further examination of how various
control strategies influence children’s engagement, attention, and learning are
warranted, particularly at older ages.

A third issue is that the children in the adult control condition observed the
content even if they did not interact with it. There is a long tradition of children
learning by observing television content (see Bandura, 1986). In fact, in the cur-
rent study, observing seems just as effective for learning as is interacting with
the content. Thus, we may be underestimating observation as a tool for learning
in our new interactive media world.

Finally, the verbal and the visual content were not well integrated in our com-
puter story, with each appearing in separate locations of the screen. If the written
words were seen and heard when children rolled over the visual icon embedded
in the story, then perhaps comprehension of written words might improve.
Learning the words could also potentially be augmented if a character asked the
child to say the word with them to increase rehearsal activities.

In conclusion, with increased exposure, visual attention declined when chil-
dren had little control of their exposure to the same computer content. However,
control had little impact on their memories of the content. The results suggest
that control has its greatest effect as an engagement feature that can facilitate
young children’s interest in and attention to computer-presented content.
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