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Abstract

Traditionally, children’s books are in a printed format and shared book reading is done with an
adult. In recent years, interactive E-books have become a common medium for children’s books
and shared book reading is diminishing. This study compared the contribution of book format to
the development of literacy in kindergarten children. We constructed an E-book, which included
a story and related activities that support literacy development. The E-book was then converted to
a printed format. Both formats had identical content, such as embedded graphics and literacy ac-
tivities, but there were some variations due to media characteristics.

Fifty kindergarten children (5 to 6.5 years) were pair assigned to E-book reading (experimental)
or printed book reading (control) condition. These pairs were matched on gender and verbal intel-
ligence (PPVT), and they all had some experience with computers. During the first two interven-
tion sessions children were exposed to the story, and in the next three sessions they practiced lit-
eracy activities. The E-book group listened to the story and did the activities in a digital format.
The printed book group heard the same story from the experimenter, and did the same literacy
activities but these were administered by the experimenter. The experimenter was instructed to be
passive and just respond to children requests. The participants were tested before the intervention,
after they were exposed to the story, and after the literacy practice on a battery of literacy tests:
plot understanding, knowledge about print, vocabulary knowledge, phonological awareness, and
orthographic awareness. Their level of involvement in the various activities was evaluated at the
end of each session.

Prior to the intervention, there was no statistically significant difference between the E-book and
printed groups on the literacy measures. Following the intervention, the performance of both
groups improved on all of the literacy
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volvement. This study found that when controlling the experimenters’ behavioral protocol, in the
two media, the print format fared better than the E-book on literacy measures that benefitted from
child-adult interaction.

Keywords: E-book, Printed book, Emergent literacy, Preschool

Introduction

Joint reading with young children is traditionally performed with printed books and, with an in-
creased trend today, with interactive E-books. In the electronic format the adult’s role is some-
times diminishing, substituted by programmed control and increase in multimedia features. Past
comparisons of the two media regarding their effects on literacy development yielded mixed re-
sults, with small to medium effect sizes, and depending on specific features of the E-books
(Zucker, Moody, & McKenna, 2009). In addition to mixed procedures, varied populations, and
literacy materials, there are also numerous differences between the compared media characteris-
tics that are often not sufficiently detailed but generally described. In the following study the re-
searchers attempt to list media differences that may affect media, child, and adult interactions.

The term E-book (variously, electronic book, e-book, eBook, e-Book, ebook, digital book, or
even e-edition) is reserved today to a book-length digital form publication that consists of text,
images, and other multimedia features. The E-book is published on a computer-based platform,
nowadays on tablet-like devices in various sizes and shapes that are specifically designed for
reading (e.g., electronic readers, such as Kindle, Nook, etc.) or, general purpose (e.g., iPad, Asus,
Galaxy, etc.). This paper is concerned with books for young children, usually containing one
story and related graphics. The books are sometimes followed by literacy activities, either in elec-
tronic or printed formats. The electronic children book is usually dubbed an “interactive E-book™.
For brevity, we will use the term E-book.

Joint Book Reading and Literacy Growth

Engagement during the preschool years in literacy related activities paves the way to the success-
ful development of basic reading skills and more advanced literacy development (Sénéchal &
LeFevre, 2001; Shatil, Share, & Levin, 2000). A major activity in the early years is joint book
reading, when books are available and care givers understand their developmental potential.

Studies that focus on quality of the interaction between parents and children while reading books
show that during reading parents focus primarily on images, narrative content, and unfamiliar
words, occasions that provide a more natural communication setting with the child. However,
they almost never engage in activities that discuss the relationship between letters and sounds or
provide information about language, thus limiting the ability of the child to learn the characteris-
tics of print (Adams, 1991; Evans & Saint-Aubin, 2005; Hale & Winkeckler, 1993; Justice,
Skibbe, Canning, & Lankford, 2005; Shapiro, Anderson, & Anderson, 1997; Shatil et al., 2000;
Sulzby & Teale, 1991). Studies that combined story reading with successive activities, aimed at
fostering literacy skills, supported literacy development more than just reading a story or just en-
gaging in isolated literacy activities (Aram, 2006; Yaden et al., 2000).

Also, children learn more when they are actively involved in shared story reading, rather than
being passive listeners to a story (Ewers & Brownson, 1999; Haden, Reese, & Fivush., 1996).
Children who were active during the reading session understood more and used more words from
the story, compared with passive listeners (Sénéchal, Thomas, & Monker, 1995).
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E-Books that Support Literacy Growth

Many commercial E-books do not necessarily promote language and literacy development among
young children (De Jong & Bus, 2003; Korat & Shamir, 2004; Shamir & Korat, 2007). Studies
have reported that the interactive nature of an E-book can sometimes distract from the story itself
(De Jong & Bus, 2002; Okolo & Hayes, 1996; Underwood & Underwood, 1996), because many
of the incorporated interactive options divert the child’s attention from the text (Korat & Shamir,
2004). In addition, “hot” areas that are not well-matched with the story flow may divert the
child’s thoughts in unplanned directions, not related to the story (Labbo & Kuhn, 2000). There-
fore, the appropriate characterization of the E-book platform is essential for the success of its
purpose — early literacy development.

Comparing the Contribution of the E-Book and the Printed Book
to Literacy Growth

Numerous studies examined the relative contribution of the E-book and the printed book to liter-
acy growth using a variety of methods, pitting the E-book against the printed book, against the
kindergarten program, or against both. A few other studies compare different characteristics of E-
books, as follows:

A direct comparison of reading E-books relative to reading printed
books

Studies revealed similar results, following engagement in the two media, in growth of kindergar-
ten children’s phonological awareness (Wood, 2005), and word recognition (De Jong & Bus,
2002). A lack of difference was detected in both groups in the development of writing skills, and
mixed results for understanding of a story plot (De Jong & Bus, 2004; Segers, Take, & Verho-
even, 2004), or an advantage to the printed book over the E-book (De Jong & Bus, 2002).

A comparison between exposure to E-books and the regular
kindergarten program

Several studies found an advantage for E-books over a the regular kindergarten program on the
development of knowledge about print (Shamir, Korat, & Barbi, 2008), phonological awareness
(Chera & Wood, 2003; Korat, 2009; Shamir, 2009; Shamir et al., 2008), vocabulary (Korat, 2009;
Korat & Shamir, 2008; Shamir, 2009), understanding of the plot (Korat, 2009; Shamir, 2009;
Shamir et al., 2008) and printed word recognition (Gong & Levy, 2009; Korat, 2009; Shamir et
al., 2008).

Studies comparing E-book, printed book reading, and the regular
kindergarten program

The studies revealed an advantage to the E-book over the printed book on phonological aware-
ness (Korat & Shamir , 2004; Segal-Drori, Korat, Shamir, & Klein, 2009), vocabulary (Korat &
Shamir, 2004; Segal-Drori et al., 2009), and knowledge about print (Korat & Shamir, 2004;
Segal-Drori et al., 2009 ). In these studies there is slight advantage for reading an E-book with an
adult over reading a printed book with mediation (Korat & Shamir, 2004, 2007; Segal-Drori et
al., 2009). Also Korat and Shamir (2007) reported a similar contribution of the media and in un-
derstanding a story plot and no significant improvement in phonological awareness and word rec-
ognition following exposure to both media.
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Comparisons of a static E-book to a dynamic one (with multimedia
sound and animation effects)

Verhallen, Bus, and De Jong, (2006), with kindergarteners, and Trushell and Maitland (2005),
with primary students, reveal benefits to the dynamic E-book that over the static one in under-
standing the plot and vocabulary.

The Proposed Study and Research Questions

The different types of comparison studies listed above provided a mixed pattern of findings.
Some studies point to a similar contribution of the print and the E-book media to the children lit-
eracy development. Others conclude that the traditional media still has an advantage over the
electronic media, and still some point to the advantage of the electronic over traditional media. In
many of these studies the media factor was not carefully detailed, nor its features carefully con-
trolled, so results could not be attributed to specific media design considerations.

We propose to control more carefully the differences between the print and the electronic inter-
faces, as well as the adult’s role in the engagement of the child with the media. This may shed
more light on the differential role of the media on literacy development. So our research strategy
is to develop an electronic interface, based in part on the above reviewed studies, that includes
story reading and literacy activities. This interface was then converted to the traditional interface
(reversed design), while maintaining uniformity in both media at the various stages of reading
and literacy activities, except for differences that are inherent in the medium: a traditional print
medium calls for a human operator to perform the readings and guide the ensuing literacy activi-
ties. In the electronic medium, the computer software drives the reading and related activities,
while the human operator role is limited to mostly technical assistance. In addition, the human
experimenter was asked to be passive as much as possible in the traditional medium. That is, re-
sponding to the child requests but not initiating a discussion or spontaneously pointing to objects,
unless the experimental protocol indicate so.

Four questions are examined: (1) Overall, which media (print or electronic) will result in more
literacy growth? (2) Which literacy skill, if any, (understanding a story plot, knowledge about
print, vocabulary, phonological and orthographic awareness) will show more growth in one of the
two media? (3) Are differences between media related to the child’s involvement in the activities?
(4) Are there differences between media in the duration of the intervention sessions?

Method

Participants

50 children, age range 5 to 6.6 years (M = 5.49, SD = (0.38), were selected from 92 children in
three kindergartens (16 from 23, 20 from 36, and 14 from 33 children, respectively) in one urban
neighborhood in southern Israel, 24 males and 26 females. The selected children had normal ver-
bal intelligence (a score of up to one standard deviation above or below average child age appro-
priate test (PPVT-III)). They had prior computer experience, based on a computer experience
background test. Also, the selected children were not diagnosed, according to the teachers, for
language impairment (e.g., Learning Disability or Attention Deficit Hyperactivity Disorder). The
experimenters were six advanced undergraduate psychology female students.
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Research Tools

The story used in the research

The selected story for this research is titled in Hebrew “Pochzanim”, roughly translated to
"Pawkies", generally meaning cunning or sly deeds performers. The story was originally written
in Polish by Grzegorz Kasdepke (no year) and translated into Hebrew and placed in an Israeli
children stories site (http://sefer-li.net), devoted to translated children literature from different
cultures (for noncommercial use). The story (http://sefer-li.net/nieg.pdf) is about a girl with a
habit of performing mischievous acts, like throwing her father’s pen to the aquarium and smear-
ing the mirror with lipstick. That’s until grandma came to take care of the naughty youngster
when she was sick, and then taught her a lesson that anyone can do mischievous things (also
grandmother), but they can be unpleasant to self or others.

Pawkies was selected from five stories from the stories site, based on kindergarten teachers (not
participating in the experiment) recommendations. The story was edited by a language expert,
and some of the original illustrations were revised (adding or modifying graphic elements) by the
researchers to improve cohesion between text and story illustrations.

The E-book and print environments

The story length is 481 punctuated Hebrew words and accompanying graphics. They spread on
14 double laminated pages in the print format: 14 right justified print pages and 14 opposite pages
that depict graphical illustrations that were coherent with the information on the printed page.
Page size is 12 cm width by 21 cm length. The pages are bound as a book, with a front cover. In
the E-book format the story and illustrations were presented on 14 screens (on a 17 inches COM-
PAQ VGA CRT S720, 1024X600 resolution with adjustable brightness and contrast connected
to a COMPAQ d310, P4 1.7 MHz Pentium processor), with an identical page layout, Ariel font,
size 26 pts., and font color black on a cream background, as in the print format. A page example,
comparing the print and the E-book formats is given in Figure 1.
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Figure 1: A page example in the print and the E-book formats
during the second pass in the second session

In the first pass through the book, the child listens to the story. In the cover page the protagonist
figure vocally invites the child to listen to the story. In the electronic format, this is a recording of
the female researcher’s voice. In the print format, the experimenter says the same words and turns
the page. Then, a recording of the story is heard at a convenient (55 dB) volume, with adapta-
tions, when needed, to the child and background noises, with automatic page turning in the elec-
tronic format. A moving drop-like graphics above the words indicates the location of the word
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being read. The experimenter sits passively next to the child. In the print format, the experimenter
reads the story to the child at a normal volume, with similar adaptations to the child and back-
ground noises, swiping her finger from below the read words, and turning the pages.

Evaluation of computer skills

Since interaction with the electronic media involves some basic mouse manipulations, and lack of
this skill may be a detriment to performance and comparison between the print and the electronic
media, we developed a simple game like test to select children with some computer skill. Two
puzzles were constructed by the researchers using jigsaw puzzle construction software
(http://www.jigzone.com/) in order to examine two key actions of the child: clicking on and drag-
ging puzzle pieces. Degree of computer control was measured on a 4-point scale: 1 = not
successful (not trying / not able to perform the task), 2 = barely managing (after three or more
unsuccessful trials), 3 = almost successful (mistaken once or twice), 4 = successful (no mistakes).
Children, ranked 1 or 2, or those who took more than one minute to complete the tasks, were not
selected for the study.

PPVT -l verbal IQ test (Dunn & Dunn, 1997)

Eight sets suitable for ages 2.6 to 11 years were selected. The sets were translated from English
into Hebrew by the researchers. The translation was examined by two literacy development ex-
perts. Each set included twelve items of selecting the appropriate picture from a series of four that
best fit a word named by the experimenter. The testing procedure and scoring were performed
according to the original test instructions. The score was calculated by subtracting the number of
mistakes from the numeral of the last correct item.

Literacy test

The test consists of five sub-tests that were based on existing tests (Blum, 2001; Drori, 1998; Tu-
val and Zeiler, 1995) and adjusted for this study (i.e., the plot of the experimental story) and ad-
ministered in the following order:

(1) Plot understanding. Four questions based on a picture from the story (maximum score 4
points), and two moral inference questions about the story (maximum score 4 points).

(2) Knowledge about print. Evaluates the child's knowledge about reading direction, identifying
words in text, distinguishing between text and illustration, identifying punctuations in the text and
the distinction between word and letter (15 items, maximum score 30 points).

(3) Vocabulary. Examines the child's understanding of difficult words in the story (14 items,
maximum score 28 points).

(4) Phonological awareness. Letter naming (11 items, maximum score 11 points), syllable omis-
sion from bi-syllabic words (eight items, maximum score 8 points) and detecting words’ opening
or closing sounds (8 items, maximum score of 8 points).

(5) Orthographic awareness. Naming one to three syllable words from the story (6 items, maxi-
mum score 12 points) and writing down these words (six items, maximum score 12 points). The
above scoring was based on a 2-point scheme (0-incorrect/no answer to 1-correct answer) or a 3-
point scheme (0-incorrect/no answer, 1-partial answer, 2-correct answer).

The content validity and reliability of the tests have been evaluated using Cronbach Alpha. First,
we examined the correlation of the sub-tests with the total literacy index, and then we examined

the relatedness of each item in a sub-test to the entire sub-test. The results indicated a good inter-
nal reliability between the sub-tests in the three administrations (before, during, and at the end of
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the intervention) (.81 to .85). Within each sub-test, reliability ranged between 0.41 and 0.88, with
relatively low reliability in the Plot understanding sub-test, which included open response items.

Involvement in the literacy tests

In order to evaluate the degree of the child’s involvement in the three literacy tests, the experi-
menter evaluated, at the end of each test, the child’s levels of cooperation, concentration, and en-
joyment during the test, on a 3-point scale, from low (“1”) to high (‘“3”) involvement. The inter-
nal reliability of the evaluations (Cronbach’s Alpha) vary from a = .85 to a = .87. The intercorre-
lations between the measures vary from r = .51 to r = .83 for the two groups. Therefore, we com-
puted a combined involvement index based on the mean of the cooperation, concentration, and
enjoyment variables.

Involvement in the activities

The child was asked two questions at the end of each session: (1) How did you enjoy the activity?
(2) Would you like to continue doing a similar activity? The child responded by choosing
smileys, from one (very little, not at all) to three smileys (a lot, very much) for the two questions
respectively. We adapted this scale from Trehearne, Healy, Williams, and Moore (2003) that ap-
plied it to evaluate children’s attitude towards reading and writing. The internal reliability of
evaluation scores in the five meeting was about o = .83, but we kept the two measures separate,
since the correlation between them was just r = .42.

Procedure

The children in each kindergarten were paired matched on gender and verbal intelligence. Then,
within a pair, they were randomly assigned to an experimental group (N = 25) exposed to the E-
book or to a control group (N = 25) exposed to the printed book.

Eight individual bi-weekly sessions were held with each child, five intervention sessions (2, 3, 5,
6, 7) and three evaluation sessions (1, 4, 8). The six experimenters operated in pairs, one pair in
each kindergarten. They were randomly assigned to interact with either the experimental or the
control children in the intervention sessions, while the other one video recorded the session. The
interacting experimenter also directed the respective evaluation sessions.

The children were called by an experimenter into the arranged experiment room. It was a side
room in the kindergarten complex, separated (but not soundproofed) from the main classroom.
The meetings were held during the beginning of the school day (from 0800 to about 1030), and
consisted of four consecutive intervention meetings (experimental, control, experimental, control)
a day in each kindergarten.

Intervention sessions

In the first intervention session, the child listened to the story read by an experimenter in the print
format or listened to a recording in the E-book format, while following the print and illustrations
on the pages or on the screens. The story was read at a pace of 65-68 words per minute by a
trained experimenter (about 7.2 minutes for the entire story) in the print format. A recording of
the female researcher, reading the story at a pace of 58-60 words per minute (about 8.2 minutes
for the entire story) was used in the E-book format. In the second session, the story was first read
as in the first session, and then, after an explanation and a demonstration, the child was asked to
choose to listen to individual sentences on each page, by pointing to or pressing on the first letter
of a sentence colored in light blue, or listen to individual marked words, by pointing to or press-
ing on them, and receive an explanation of the re-read word from the experimenter in the print
version or a recorded explanation in the E-book version. Also, the child could listen to utterances
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of the characters in the illustrations in the E-book format, where in the print format the experi-
menter uttered the characters lines. In the third to the fifth sessions, the child first listened to a
continuous reading of the story as in the first session, and then participated in three activities to
foster literacy skills, each consisting of several rounds of play: (1) Detecting the first letter sound
that matched a named picture (six rounds); (2) Detecting a word (viewed and spoken) in a seg-
ment of the displayed story (six rounds); (3) Emotionally reacting to displayed and read sentences
based on the story, whether they evaluated to be sad or joyous (four rounds). The sessions lasted
about 10-31 minutes each on the average, depending on the session’s characteristics and format.
The sessions were video recorded, and the recordings were used to evaluate session durations.

Evaluation sessions

The literacy test was administered during the evaluation sessions. The first session was held be-
fore the start of the intervention, the second, after the exposure to the book in the first two inter-
vention sessions, and the third evaluation, after the last intervention session. The evaluation ses-
sions lasted about 40 minutes, divided into two 20 minutes parts with a short break between them.

Results

There were no age, verbal intelligence, or computer experience with statistically significant dif-
ferences among the three kindergarten classes (F(2, 47) = 0.40, F(2,47) = 0.60, F(2,47)=1.99,
respectively). Therefore, kindergarten classes were not used as an independent block factor in the
analyses. Statistically significant differences are reported at p < .05.

Literacy Tests

The results of the literacy tests are presented in Table 1. We first tested whether there are statisti-
cal differences between the groups before the intervention. A two-way repeated measure Analysis
of Variance (groups and times) yielded no difference between the groups before the intervention
(F(1,24)=1.24, > = .05, p =ns). Comparing the groups before the intervention on each of the
five literacy indices show no significant statistical differences (p > .05): plot understanding (#(24)
=0.37), knowledge about print (#24) = 1.64), vocabulary (#24) = 0.04), phonological awareness
(#(24) = 1.66), and orthographic awareness (#(24) = 0.61).

In the second stage, an Analysis of Variance with repeated measurements of literacy measures,
times and experimental groups was conducted. It indicated that a significant main effect was ob-
tained for time (F(2, 48) = 124.32, 0> = .84, p < .001). That is, there is a growth over time in the
literacy indices across the study groups, as detailed in Table 1. There was no main effect for the
experimental groups (F(1,24) = 3.99, n* = .14, p = ns). There was a main effect for the literacy
measures (F(4, 96) = 116.44, 0> = .83, p <.001), and literacy measures, times and experimental
groups 3-way interaction (F(8, 192) =2.78, n>=.10, p < .01).

In the third stage, individual Analysis of Variances for each literacy index and Bonferroni based
continuation analyses were performed. For plot understanding, in addition to main effects of
group (F(2, 46) =27.26, n* = .54, p < .001) and time (F(2, 46) = 27.26, n* = .54, p < .001), the
print condition outperformed the electronic condition in the second and the third measurement
times (group by time interaction effect, F(2, 46) = 3.25, n* = .12, p < .05), which is mostly due to
the change from the first to the second intervention sessions. For knowledge about print, the con-
trol group significantly outperformed the experimental group (F(1, 23) =5.51, n* = .19, p < .05).
There was a score increase over time (F(2, 46) = 86.66, n° = .79, p < .001), both from the first to
the second and from the second to the third time measurements. There was no group by time in-
teraction (F(2, 46)=0.43, n*>= .01, p = ns). Regarding vocabulary, the print control group outper-
formed the E-book experimental group (F(1, 23) = 5.51, 0> = .19, p <.05). Also, there was a vo-
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cabulary increase over time beyond the study groups (F(2, 46) = 50.84, > = .69, p <.001) and a
statistically significant time by group interaction between the first measurement the second and
third (F(2, 46) = 6.12, 1> = .21, p < .01). The control improved compared with the experimental
group over time. This effect is mostly due to the vocabulary differential in the third measurement
between the control relatively to the experimental group (#24) =2.21, p <.05; D; =11.43, SD; =
26.94). For phonological awareness and orthographic awareness there was significant effects of
time, (F(2, 46) = 22.63, n*> = .50, p <.001) and (F(2, 46) = 35.75, > = .61), respectively, but no
group differences and no group by time interactions were noticed. Both indices showed a statisti-
cally significant improvement between the first to the second, and the second to the third meas-

urements.

Table 1: Percentage means and (standard deviations) of literacy measures

(Plot understanding, Knowledge about print, Vocabulary, Phonological

and Orthographic awareness) before, during (after the second intervention session),
and after the intervention in the E-book and the Print groups

Literacy
tests

E-book
(N=25)

Before During After Total

Print
(N=25)

Before During After Total

Total
(N =50)

Before During After Total

Plot

understanding

32,75 43.50 4725 41.17

(21.90) (22.93) (18.93) (17.55

35.00 56.25 62.00 51.08

(20.57) (20.49) (21.86) (17.71

33.88 49.88 54.63 46.13

(15.01) (17.06) (14.47) (12.98)

Knowledge

about print

55.08 69.69 7554 66.77

(17.89) (15.71) (14.30) (14.38

61.99 79.53 83.69 75.08

(19.39) (12.19) (13.00) (13.80

58.54 74.62 79.62 7092

(15.42) (9.99) (10.39) (11.11)

Vocabulary

21.86 27.71 39.00 29.52

(12.39) (21.05) (22.79) (17.66

21.71 34.57 5043 35.57

(12.54) (19.55) (20.83) (15.89

21.79 31.14 44.71 3255

(7.87) (14.97) (17.18) (12.25)

Phonological

awarencss

65.17 7343 78.70 72.43

(17.96) (18.60) (16.64) (16.42

73.03 77.16 80.63 76.94

(21.51) (18.11) (20.88) (19.46

69.10 7530 79.67 74.69

(15.87) (13.72) (13.45) (13.67)

Orthographid

awarencss

38.14 46.06 52.42 45.54

(18.27) (18.73) (20.05) (17.70

41.22 53.74 58.99 5132

(19.36) (18.28) (19.19) (17.49

39.68 49.90 5571 48.43

(13.90) (14.19) (15.03) (13.31)

Involvement in the Literacy Tests
Test involvement was high in both groups and in the three measurements (M = 2.47, SD = .48).
There were no differences between the groups (F(1, 24) = 0.04, n2 =.00, p = ns), test time (F(2,
48)=.19, > =.01, p =ns ), and no interaction between group and time (F(2, 48) = 2.75, n*> = .10,

p =ns).
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Involvement in the Activities

Sense of involvement in the activities was high across sessions and groups in the two measures
(M = 2.62, SD = .40, enjoyment from the activities; M = 2.47, SD = .51, a wish to continue the
activities). For enjoyment from the activities, there were no differences between groups (F(1, 24)
=2.00, n* = .08, p = ns), among test times (F(4, 96) = .38, n* = .02, p =ns ), and no interaction
between group and time (F(4, 96) = .51, 0> = .04, p = ns). Similarly, for wish to continue to other
activities, there were no differences between groups (F(1, 24) = .02, 1> = .00, p = ns), among test
times (F(4, 96) = 1.62, 1> = .06, p = ns ), and no interaction between group and time (F(4, 96) =
0.27, > = .01, p = ns).

Intervention Duration

The average durations of the sessions ranged between 10 and 31 minutes, with differences be-
tween groups (F(1, 24) =110.39, n> = .82, p <.001), and among sessions (F(4, 96) = 252.18, 1’
= .91, p <.001) (see Table 2). The electronic group was considerably slower than the print one in
all sessions. The first session (just reading) was the shortest and the second session (reading with
reading activities) longest (Bonferroni comparisons). The interaction between groups and ses-
sions was also statistically significant (F(4, 96) = 55.69, 0> = .70, p < .001). The largest differ-
ence among groups, using contrast analysis, was noted in the second session (F(1, 24) = 10.58, >
=.31, p <.001).

Table 2: Intervention sessions duration averages (minutes) and
(standard deviations) of the electronic and the print groups (N = 25)

Electronic Print d Total t-test
df=24
1% Session 14.00 10.32 3.68 12.60 18.62*
(0)** (0.98) (0.99) (0.49)
2" Session 31.16 22.92 8.24 27.04 7.79%
(4.82) (2.80) (5.29) (2.92)
3" Session 20.08 15.84 424 17.96 6.84%
(1.53) (2.48) (3.10) (1.35)
4™ Session 21.32 15.60 5.72 18.46 10.59*
(2.30) (1.47) (2.70) (1.38)
5" Session 21.28 16.20 5.08 18.74 8.98%
(1.93) (1.76) (2.83) (1.18)
Total 21.57 16.76 5.39 18.87 14.48*
(1.39) (0.96) (1.86) (0.74)

*p <.001 ** Recorded session
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Discussion

The children’s activities within the two media, print or electronic formats, resulted in an overall
improvement in literacy scores. This improvement was slightly in favor of the print condition.
Specifically, in two measures, phonological and orthographic awareness, the two groups similarly
improved. While in the other three measures, plot understanding, knowledge about print, and vo-
cabulary, the children that were exposed to the print format flourished more following the inter-
vention compared with the children that were exposed to the electronic format.

This pattern of results is consistent with past research. Wood (2005) found no differences in pho-
nological awareness growth between traditional print and E-book exposures. Also, for ortho-
graphic awareness growth, there were no differences between these formats (reading words: De
Jong & Bus, 2002; identifying words: Segal-Drori et al, 2009). De Jong and Bass (2002) also
found that there has been no development in the ability of writing words in both groups. An ad-
vantage in phonological awareness for an E-book program was found only in a comparison to a
regular Kindergarten program (Chera & Wood, 2003;_Korat, 2009; Korat & Shamir, 2004;
Shamir, 2009; Shamir et al., 2008). Apparently, code (i.e., phonological and orthographic) aware-
ness development, fares equally in an electronic or in a print environment, where the human role
is limited to supervise a drill like practice. In the current study, the adult’s role was similar in the
two experimental conditions, in regard to practicing code awareness skills. There was a very lim-
ited interaction between the adult experimenter and the child, as was designed by us: the experi-
menter in the print condition mimicked the limited feedback offered by the prerecorded messages
in the electronic condition.

However, different behavior patterns are suggested for coaching higher order skills during read-
ing and practice in the two conditions. Here, past research findings show a clear advantage for
activities with the printed book over the E-book format in plot understanding, knowledge about
print, and vocabulary. De Jong and Bus (2002) found that the printed book promoted plot under-
standing more than the E-book format, and similarly in other studies (De Jong & Bus, 2004;
Korat & Shamir, 2007; Segers et al., 2004). Korat and Shamir (2007) reported similar vocabulary
development in the two media. The advantage of the E-book format regarding knowledge about
print is noticed only when the E-book format has been pitched against a regular kindergarten pro-
gram (Shamir et al., 2008) or when the E-book and the printed book were compared to a regular
kindergarten program (Korat & Shamir, 2004; Segal-Drori et al., 2009). In this study, following
intervention, the print condition benefitted more plot understanding, knowledge about print, and
vocabulary scores compared with the electronic condition. The reason, we propose, is that the
human experimenters still interact with the children during the intervention sessions. We limited
this interaction by instructing the experimenters not to spontaneously initiate a discussion or
pointing to objects beyond the electronic protocol. However, since children are used to the print
environment and to the interaction surrounding literacy activities, they probably turned to the ex-
perimenters for explanations on difficult words, on plot turns, and indirectly about print concepts.
So the experimenters responded — a clear advantage for the print condition.

There is another caveat to this study: the duration of the intervention sessions. There are few
comparison studies that report actual durations. Usually, interventions are carried out in a given
time slot. But what is the effective engagement during that time? In our study we discovered, that,
although we asked the print experimenters to adjust their behaviors according to the electronic
protocol, durations were longer in the E-book format compared to the print, in all sessions, by
about 25 to 30 percent, considering the faster story reading times of the human experimenters. In
the design of the experiment we pitted against the print condition, by “tying the hands” of the
print experimenters (i.e., “don’t initiate discussion, just respond”, produce the same lines as in the
E-book protocol, etc.), but it was successful both in performance and in shorter task durations.
Apparently, the young children, even with some computer experience, are more versed with a
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print interface and still have more capabilities to favor the human environment for the purpose of
literacy development. But the E-book is not far behind and is a viable alternative when a teacher
is not readily available.

Finally, regarding levels of involvement in the tests (experimenter evaluation) and in the activities
(child evaluation), the scores were high and so did not statistically differentiate between groups or
times. This could be good, because both the print and the electronic conditions were appealing
and led to a gratifying experience for the children (there were eight meetings). However, the
scores were close to the upper limit of the measurement scale, so correlating them with literacy
achievements or times was meaningless. In order to do so, we should find more sensitive meas-
ures, such as counting spontaneous distractions that will produce more variability.

Limitations of the Study

This study is a field based experiment. We strived for homogeneity. Therefore, we decided on
one urban location with three kindergartens. We were able to generate 25 cohort pairs, cutting of
children with low or high verbal intelligence, computer novices, and children with special needs,
leaving 50 out of 92 in the sample. Therefore, some of the variability that we have omitted limits
our conclusions to the sample characteristics. Also, the evaluation was repeated with the same
materials, consequently some of the score increase may be due to sensitization-to-the-test effect.
A third control group with no intervention could assist in establishing a base line. But the limited
sample was not enough for that.

The experiment was performed in kindergartens, thus this increases its ecological validity. But
real kindergartens and schools are sometimes noisy and disruptive. Since the execution of the ex-
periment required logistics, the distribution of background noises could not be controlled. Moving
to a lab or better isolating the experiment room in the kindergarten can be a solution, in further
research.

Conclusions

We examined in this study the relative contributions of the print (traditional) and the electronic
media to literacy development of kindergarten children. Both the print and electronic media can
foster literacy skills before entering school. There was a slight advantage of exposure to print for
some of the skills (understanding a story plot, knowledge about print, and vocabulary) over the
electronic media. However, in the electronic media, with some initiation, the child can operate
without the assistant of an adult. This is an advantage for a teacher that has to handle several
dozen youngsters. Also note that the results reported here are not necessarily indicative of similar
learning processes of the children in the two media. To reveal the learning processes requires a
micro-analysis of the child-adult-print-computer behaviors during the engagement periods, which
will be presented elsewhere.

The conclusions are also limited to the indices space that was examined. Possible lack of differ-
ences between media or advantage of one media over another one is a function of the indices ex-
amined that were derived mostly from traditional print media. Electronic media may induce addi-
tional or different behaviors than those observed in traditional media, such as spatial learning.
This could lead, when measured, to different findings about literacy development than those ob-
tained in this study. Accordingly, we recommend further research to derive metrics that character-
ize electronic media, and measure their effect upon the child's learning in both media.
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