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Abstract

The present research examines the effects of different strategies for teaching
thematic content to preschool age children. Developmenta psychologists have
documented that individuals with rich content knowledge in particular domains
demonstrate both quantitative and qualitative advantages on learning, memory, and
problem solving tasks in those domains (Siegler, 1998). In addition to experimentally
testing the effects of instructional strategies, this project is an exploration of strategies for
conducting rigorous research in classrooms. To create minimal disruption, the content
richness of specific classroom materials (thematic books, songs, and computer software)
was manipulated while interactive factors, including class discussions and the activities
chosen by each child, were ssimply recorded. To assess what the children learned, the
researcher conducted a structured interview both before and after the four-week
instruction. The results show that there is variability in the amount of prior content
knowledge and in the amount of content knowledge that children learn. The impact of
the experimental manipulations, subject variables, and other naturally occurring factors

will be described.



Preschool Theme Teaching 3

Preschool Theme Teaching: What Works and What Doesn’'t

Children often surprise us with their vast amount of knowledge. From anecdotal
evidence, they learn thisinformation quite rapidly. In preschools, many basic lessons are
taught. Preschool age children learn their letters, numbers, and specific information
about the world around them, such as what frogs eat and what a policeman’sjob is. What
would be interesting to know is how children learn these basic lessons.

Siegler (1998) has summarized the findings of developmental psychologists
concerning the changes in children’ s basic processes, strategies, metacognition, and
content knowledge with age. Having a certain amount of content knowledge, or factual
knowledge, on a given topic increases the efficiency of basic cognitive processesin
children. This same content knowledge also allows children to be more efficient in the
acquisition and execution of strategies and in development of metacognitive knowledge.
An additional benefit is that the more one knows about a given topic, the better that
person learns and can remember new material concerning that topic. The reason for this
greater ability isthat with arich content knowledge one is able to encode more precisely,
make more accurate inferences, and be more sensitive to any inconsistencies in incoming
information.

Rich concept knowledge is built by making features and contrasts very explicit to
children. These distinctions enable better encoding and contribute to refined concepts.
Also, making connections to prior knowledge, by contrasting the information and
comparing the new information to the old, leads to better organization and elicits
spreading activation, which occurs when one factor in a concept is recalled and then

triggers other relevant factors in the concept (Siegler, 1998).
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Building Concept Knowledge Via Thematic Units

Based on this theoretical background, the Children’s School at Carnegie Mellon
University (a preschool and kindergarten laboratory school) has adopted the thematic
approach for all of their programs. The children explore one theme, such as birds, tools,
or paper, together with related sub-themes for 3-4 weeks. Understanding how thematic
units are created helps one understand why educators believe they are so effective. To
plan the content knowledge in athematic unit, the teachers estimate the typical baseline
knowledge and concepts that the children are likely to have on a given topic and then
identify the factual information that preschool children could feasibly learn. Most units
have sub-themes that cover a smaller period of time, such as aweek, so that the
information surrounding alarge unit is organized in a way that makes sense to the
preschoolers. During this study, the theme being explored was The Ocean; the sub-
themes were The Shore (land and water), Sea Life (plants and animals), Water
Transportation, and Fun at the Beach.

Prior to each unit, a staff member prepares a background booklet containing 1)
conceptual knowledge discussed above, 2) additional information about the topic so that
teachers are able to answer even the most advanced questions, 3) a book and song list, 4)
various art, language, math and science activities, 5) special snacks and playground
games, 6) alist of resources within the school, community, and on the Internet, and 7)
suggestions for ways these activities and resources can be used to meet the school’s
developmental objectives for each age group.

To understand how thematic units are utilized at the Children’s Schooal, it is

necessary to understand the flow of atypical day. The study was conducted during the
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June Nature Camp, whose schedule is adapted from the preschool and extended morning
programs’ school days during the academic year. See Appendix A for an outline of the
day. During Nature Camp, the children first had a free play period in which they were
allowed to choose from a number of manipulatives, puzzles, and dramatic play toys
situated on tables or in play structures on the playground where camp took place. The
available materials or activities may or may not be relevant to the theme. After thisfree
play period, the children were split into their separate classes for what is called circle
time. Circle time takes place inside the school building in separate rooms for each group.
During this time, the teachers sit down with the children for routine activities and short
lessons on the thematic unit. For instance, routine activities include singing a greeting
song and discussing the calendar (day, month, date, and weather). After these daily
routines, circle time involves the teacher discussing the theme, possibly reading arelated
book, and singing related songs with the children. After circle time, the children return to
the playground for Activity Time, which is atime where children can freely choose from
anumber of teacher directed and non-teacher directed activities. During this time period,
there are anumber of activities that are relevant to the theme in varying degrees (e.g., an
ocean matching game vs. playing in the sandbox). After this, the children have snack
time, then another free play time when they can choose from playing in wading pools and
other free play materias that are available. Following the pool time, the children get
dressed, have lunch, and then go home. Times such as snack time, the second free play
time which incorporates the wading pools, and lunch are typically times when the theme

is not stressed.
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What do thematic units do that makes them work? There are five meta-principles
from cognitive psychology which are active in the teachers’ utilization of thematic units
Carver (2001): building on prior knowledge, making thinking explicit, emphasizing links,
providing practice opportunities, and expecting individual variability. Teachers
determine what knowledge the children have about the topic by having a discussion and
then build on that knowledge in future lessons by emphasizing links between achild’s
experience and knowledge and the new information. For instance, the children are asked
what they know about the topic and their responses in most cases are written down in
chart or web format so they can see their own ideas on paper. The teachers consistently
ask questions to make the children think explicitly about the topic at hand and to discover
their own links to the information, thus making the links stronger. Once the children talk
about what they know, they are taught information that expands and adds to their
concepts with books, songs, visual aids, or through other creative techniques. In addition,
the regular routine of the day provides the children with many practice opportunities,
which strengthens the children’ s ability to learn effectively from athematic unit. During
the day, there are many theme related activities and theme related materials such as
puzzles, books, manipulatives, and computer programs available for the children to
choose from, which cater to awide range of learning styles.

Based on these applications of cognitive theory, educators have reasonably
assumed that thematic units are effective for teaching rich content. Anecdotal evidence
from conversations among both teachers and parents does indicate that children acquire a
significant amount of content knowledge from these units at the Children’s School. The

children’s actual content learning, however, has never been tested.
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Exploring the Effectiveness of Thematic Units

How much content knowledge do children actually learn from thematic units?
Which aspects of the unit have the strongest impact on content learning? In order to
study such large questions with so many variables in a classroom environment, it was
necessary to determine which factors could be manipulated in order to maintain
experimental rigor while still being minimally intrusive in the educational process. To
identify these factors, | administered a teacher questionnaire about the strategies that
teachers use to encourage children’s acquisition of content knowledge (see Appendix B
for questions and answer tables). The key result was that all teachers use books and
songsto agreat extent in their lessons and believe that these media teach the children the
most content knowledge.

For this reason, the primary experimental manipulation was the content richness
of the books and songs used in two different classes. Content rich materials are those that
arefull of factual information. Non-content rich materials are those that are based on the
topic but have little to no factual information. An example of a content rich book would
be a book about different types of sealife; whereas, an example of a non-content rich
book would be a story in which the main character was afish that lived in the sea, but the
story was about playing nicely together with the other fish. For examples of content rich
and non-content rich songs, see Appendix C. The secondary experimental manipulation
was the content richness of the computer software that the children used. This
mani pulation was chosen because computer activities are easily separable from the

normal classroom routine.
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The design of this experiment involves two experimental groupings of children.
Group A teachers presented most of their content via songs (content rich songs and non-
content rich books), while Group B teachers presented most of their content via books
(content rich books and non- content rich songs). In addition, the researcher presented
content to half of each group via content rich computer software and the other halves via
non-content rich computer software. Children’s knowledge was assessed both prior to
and after instruction to determine how much content they learned. This two group, split-
classdesign isdepicted in Figure 1.

The hypothesisisthat Group B will gain more knowledge because thereisonly a
certain amount of factual information that can be put into a children’s song; whereas, in a
book format, much more information can be presented. The hypothesisis that the content
rich computer program activities will yield a greater gain because they will provide
another reinforcement of learned concepts as well as adding new content to the child’s
knowledge.

| a'so hypothesized that both age and ocean experience would impact the
knowledge increase from pretest to posttest based on the theory that with more
experience and prior knowledge, a child has a schema for the topic, which enables
him/her to encode the new information and organize it more effectively (Siegler, 1998).
In addition, | predict that those with more recent experiences will tend to have greater
knowledge increases because their experiences are more vivid in their minds and,
therefore, the more that child can assimilate new information. | had no reason to expect

that boys and girls would learn differently.
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Other potential factors of interest are the type and number of activities children
are participating in during activity time, daily attendance, and content in circletime
discussions, aswell as available content during free play time, snack time, lunch time,
pool/free play time, and dismissal.

To summarize, the purpose of this study isto test the impact of the experimental
manipulations (the source of rich content) and subject variables (age, ocean experience,
and gender) on children’ s knowledge of the thematic content, as well as to document
other aspects of the camp experience that could not be manipulated as easily.

Methods
Participants

Clearance to work with Human Subjects at the Children’s School was obtained by
completing the Carnegie Mellon Human Subjects request form. The parents of the
children had already signed a blanket consent form stating that their child/children can
participate in studies that are approved by the Institutional Review Board and Dr. Carver,
the director of the Children’s School.

The participants were all 30 children, 12 female and 18 male, ages3 -6 (M =
4.77), who were enrolled in the Carnegie Mellon Children’s School Nature Camp
program for at least three of the four weeks. These children were from three programs,
preschool 3's (M= 3.95), preschool 4's (M = 4.78), and kindergarten (Mean age = 5.80).
Six children attended the first three weeks (M = 4.88) and 24 children attended the whole
program (M = 4.64).

Since this study takes place in Pittsburgh, where there is not an ocean nearby, the

parents were asked by the Children’s School staff to report the number of times the child
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had been to the ocean and the date of the last trip. A median split based on the number of
times was used to assign children as having low or high ocean experience.

The participants were assigned to either Group A or B based on a stratified
random sampling. The stratification was by age, gender, and previous ocean experience.
Groups A and B received the same treatment during free play time, activity time, pool/
free play time, snack time, and lunchtime. Only the circle time differed between the
groups. The teachers of Group A chose reading material from the non-content rich set of
books and songs from the content rich list. Teachers from Group B used content rich
books and non-content rich songs.

To manipulate the Computer activities, asplit class design was used. Inthis
design, half of each group, A and B, were randomly selected and placed in the content
rich computer group and the remaining halves were placed in the non — content rich
computer group. All of the children in Groups A and B explored the computer programs
for atotal of 4 ten - minute sessions, which were evenly dispersed in the first three weeks
of camp. Only the program used differed between the content rich and non— content rich
groups.

Two children, both from Group A, were dropped from the sample. One child
dropped out of camp and the other was not available to posttest due to aweeklong
absence from camp. There were also 14 children enrolled in camp for less than three
weeks; these children were all in Group C and were not part of the experiment.
Materials

Pretest and Posttest. The content knowledge questions were a series of probing

guestions designed to determine what children know about the ocean by providing cues
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about their senses and the relevant sub-themes used (see Appendix D). To administer the
pretest and posttest, a small |ab adjacent to the Children’s School Office wasused. The
lab had a small table with three chairs. To involve the child in the process of asking the
content knowledge questions, the experimenter created a game, includingll laminated
guestion cards, which had the content knowledge questions typed on one side and a
number from 1 — 13 written on the other side, that the child could flip one at atime for
each question. A Ravensburger 100 piece Ocean Puzzle, entitled “Underwater
Discovery” (No. 102174) was used as avisual cue for the last two questions (See
Appendix E). A transcribing machine with cassette tape was used to record the

children’ s responses to the questions. Also, children were each given a nametag sticker,
which was decorated with a hand drawn picture of awhale and the words “ Ask me about
the What | Know Game” and a sheet of paper with the study description for their parents
to read (see Appendix F).

Circle Time Materials. Content Rich and Non Content Rich books were gathered

from the Children’s School private library collection for use during circletime. See
Appendix G for alist of titlesused. Content Rich and Non — Content Rich songs were
gathered from the Ocean Document compiled by the Children’s School Staff and from
various Internet web sites. Transcribing machines with cassette tapes were used to record
each circle time of both experimental groups. A VHS camcorder was used to videotape
select circle times as well.

Activity Time Materials. Basic school supplies and manipulatives were used for

the children’ s activities. A participation checklist was also distributed to the teachers to

record children’s attendance at each activity (see Appendix H).
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Computers. The children used Macintosh Performa Computers. The content rich
software used was World Explorer (Dorling Kindersey — DK Interactive Learning). The
non — content rich computer software used was Freddi Fish and the Case of the Missing
Kelp Seeds (Humongous Entertainment), Kid Pix Sea Animals (Broderbund), and Just
Grandma and Me (Broderbund). For a description of the computer software activities see
Appendix I.

Teacher Questionnaire. Pre and post-camp questionnaires were distributed to the

teachers. This questionnaire asked the teachers which strategies they used, which
activities they thought were most effective, which daily activities were integrated into the
theme, and what times the thematic unit was not stressed. The post - camp questionnaire
gathered feedback regarding the study from ateacher’s perspective. Both the post - camp
guestionnaire and responses can be found in Appendix J.
Procedure

The study design diagrammed in Figure 1 implies the basic timeline of the study.
To assess the amount of knowledge children had, the children were given identical pretest
and posttests. To assess what children already knew about the thematic unit, the pretest
was given before the start of Nature Camp (See Appendix D). To determine what
strategies teachers use to present preschool children with content knowledge from a
thematic unit, a questionnaire was given to the teachers to complete during the camp
planning time.

During Nature Camp, the teachers kept a daily attendance record of each child,
along with keeping alog of activities that child participated in during activity time. The

activities available during free choice time and playground time, the activities available
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during activity time, and any content knowledge that was presented during circle time,
snack time, and lunch time were all recorded daily by the experimenter. The children
were taken out of activity time by the experimenter to use the computers in ten-minute
sessions, twice aweek. All of theinformation recorded will help identify where the
children obtained their knowledge.

Each child was post-tested during the last few days of his/her last week of
enrollment in Nature Camp. The posttest was identical to the pretest to avoid any
difference in responses due to a change of wording or asking more leading questions.

At the end of Nature Camp, the teachers were given another questionnaire, to
assess how they may have changed their strategies given their particular group’s
stipulations set forth by the manipulation. This questionnaire also assessed the design of
the experiment and how it affected the normal routine of Nature Camp

Classroom Impact

The reason this research is practical and works for this setting is that it was
minimally intrusive on the daily schedule of camp and on the teacher’ s style of teaching.
The teachers were involved only minimally in that their only responsibilities were to
make sure that a tape recorder was turned on before they started circle time and turned off
after circle time ended and to make sure that they only used the books and songs that
were provided by the researcher. They were informed of the study via ateacher study
description, which can be found in Appendix K and their responsibilities were very
clearly explained to them. They were given the freedom to choose the books and songs
within their sets with regard to the day they wanted to present it and how many times

they used the material. The teachers had limited veto power as far as the grouping
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assignments. They requested two changes to the stratified random sample before camp
began based on the individual children. One of the changes was due to siblings beingin
the same group, and another was due to a personality conflict between two children. The
researcher was also constantly available to answer any questions or concerns the teachers
had about the study and to help them find additional resources as needed.

Data Collection and Scoring

Transcription/Recording of Circle Time. All of the circle time content is

organized in outline format from the transcription of the audio taped circle time sessions.
There are separate outlines for each week of camp for both of the experimental groups,
each is organized by sub-themes to show all the information taught regardless of whether
it was consistent with each particular week’ s sub-theme.

The content from question and answer sessions, the use of books and songs, and
using visua and hands-on materials was recorded in the outlines either verbatim for
children’ s responses or paraphrased for content rich information gathered from
independent teacher instruction, books, or songs. For more detailed information on the
recording of content during circle time contrasting outlines for the two experimental
groups, see Appendix M.

Recording the Daily Activities

The Nature Camp staff recorded the activities that the children chose during
activity time. The checklist was then given to the researcher to analyze. The activities
were then ranked by the researcher for level of focus on thematic content — high,
medium, low, or zero content. A high content activity is one in which alarge amount of

information about the ocean is presented (e.g. an ocean animal matching game); whereas
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alow content activity is an activity where there is little content (e.g. making a gummi-
fish necklace). The zero content activities are those that are not relevant to the theme.
The activities available during free choice were also recorded. There was alow level of
focus during lunch, snack, pool/free play time, and dismissal, however the activities
during these times were recorded as well. The information, as well as the source of

information (i.e. book, song, etc.), was recorded.

Transcribing the Pretest and Posttest

Thefirst step in transcribing the pre and posttests, was to record the children’s
responses to the questions verbatim in table format. In the instance that the children’s
responses didn’t correctly correspond to the question asked, one of two things was done.
If the child referred to the correct question, then the response was recorded under the
correct question. For example, if the child was responding to the question about ocean
land and said, “1 know something else about ocean water - there are waves®, the answer
was recorded under the ocean water question. If the child didn’t refer to the correction
guestion then it was recorded under the current question. So, if the child in the previous
example had not said, “I know something el se about ocean water”, the response would be
recorded under the land question.

To make the data more visual and easily comparable, the transcribed pretests and
posttests were represented as maps of the child's concept of the ocean both before and
after nature camp. The computer software used to make these concept maps was Visio
Professional. Sample concept maps are in Figures 2. The child’ s responses were placed

in the quadrant of the subtopic in which the response best fit and linked to the question
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that was the catalyst for that response. For a detailed depiction of the concept mapping
process see Appendix N. Each response was then scored for the levels of depth (e.g.
ocean has waves vs. waves are caused by the sun and the moon) and the explicitness level
of the question that prompted the response (e.g. Tell me about the ocean vs. What do you
know about ocean water?). Deep responses given to the least explicit questions receive
the most points. See Appendix O for the detailed scoring system. These response scores
were added for each quadrant separately and the quadrant scores were added for atotal of

each individual map.

Results

Inter-rater Reliabilities

To determine that the mapping and scoring methods used were reliable,
replicable, and unbiased, one independent coder was trained how to map children’s
responses from the pre and posttests into the concept map format and another was trained
how to score responses. Both coders were female undergraduates at Carnegie Mellon
University with background in psychology. The experimenter trained each coder in an
hour-long session. The experimenter and the coder used a sample concept map for
practice and time was allowed for any questions concerning the system being used. The
raters completed the response scoring for arandomly selected 4 children, for atotal of 8
concept maps (4 pretest maps and 4 posttest maps).

Mapping Reliability. The mapping rater was instructed to place each response in

the correct sub-theme quadrant on the map and draw the correct link from the question to
the response. A percentage of the total responses and links that the rater recorded in the

same way as the researcher’ s responses and links was calculated for the inter-rater
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reliability score. Theinter-rater reliability was .82 for responses and .83 for links. Most
of the discrepancies involved the differential placement of responsesin the correct
gquadrant and labeling some responses as false due to alack of knowledge of the ocean.
The researcher’ s original scores were used for the analysis.

Scoring Reliability. The scoring rater was instructed to score the children’s

responses on the concept maps according to the scoring criteriain Appendix O.
Correlations between the researcher’ s and second rater’ s scores were calculated for the
total scores and for the scores for each sub-theme. Also, the percentage of individual
scores that were identical to the researcher’s scores was calculated. The correlation
between raters was .99 for the total scores across pretests and posttests. The correlation
between raters was .94 for the sub-theme totalsin the pretests and .97 for the sub-theme
totalsin the posttests. For sub-theme totals across pretests and posttests, the correlation
was .97 (p < .001 for al correlations). In addition, the percentage of individual responses
that received the exact same score from both raters was 54%.
Pretest Data

There was high variability in the pretest scores (Range=3.25t0 92, =41.4, SD
22.3). There was also variability in the scores for the individual sub-themes (see Table
1). ANOVA was used to find that there was a significant difference (F(3, 108) = 12.51), p
<.01) found showing that the children initially know more about life in the sea and the
seashore than about water transportation and fun at the beach. The significant differences
were found between life in the sea and both water transportation (F(1, 54) = 27.84, p <

.001) and fun at the beach (F(1, 54) = 15.29, p < .001) and between the seashore and both
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water transportation (F(1, 54) = 16.17, p < .001) and fun at the beach (F(1, 54) = 5.62, p
<.05).

Subject Variables. There was amarginally significant differencein total pretest

scores by age (F(2,25) = 2.66, p = .089) (See Table 2). However, further analysis showed
that there was no significant difference between the 4 and 5 year-olds (F(1, 17) =.18,p >
.05), but the 3-year-olds had significantly lower pretest scores than the 4-year —olds (F(1,
21) = 4.49, p < .05). Previous experience was estimated by the number of times a child
had been to the ocean prior to instruction. Children who had been to the ocean 10 or
more times (Range = 10to 20, M = 3.52, SD = 2.46) were considered to be highin
previous experience and children who had been to the ocean fewer than 9 times (Range =
0to8, M =15.71, SD = 4.39) were considered low. There were no significant differences
found for previous ocean experience (E(1, 26) = 1.61, p > .05) or gender (F(1, 26) = .01,
p>.05) inthetotal pretest scores.

Equivalence of Groups at Pretest. To establish equivalence at pretest between the

experimental groups, ANOVA’swere conducted. There was no significant differencein
pretest scores between groups A and B (F (1, 26) = .08, p > .05) or between the computer
groups (F (1, 26) =.00, p > .05) (see Table 3). There was aso no age difference between
groups A and B (F(1, 26) = .31, p > .05) or the computer groups (E(1, 26) = .00, p > .05).
Posttest Data

There was also alarge amount of variability in the total scores on the posttests
(Range = 14.75t0 127.75, M = 66.6, SD = 32.2). There was a significant difference
between this posttest mean and the pretest mean of 41.4 (F(1, 54) = 11.60, p <.001). A

similar pattern of variability in the sub-themes existed as well, with a significant
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difference (F(3, 108) = 28.68, p < .01) but a slight change in the rank order of the sub-
themes (see Table 4)

Subject Variables. There was no significant effect (F(2, 25) = 2.15, p > .05) for

age on the posttest scores (see Table 5), however, there was a marginaly significant
difference between the three and four year olds (F(1, 21) = 3.37, p=.08). Therewasa
moderate positive correlation (r = .466, p = .012) between the age in months and the
posttest scores (see Figure 3). There was no significant effect of gender on the posttest
scores (F(1, 26) = .09, p > .05). There were no significant effects of the amount of
previous experience for posttest scores (F(1, 26) = .10, p > .05) (See Table 5).

There was also no significant correlation (r = -.07, p > .05) between how recently
the previous ocean experience took place and higher posttest scores.

Experimental Variables. There was no significant difference (E(1, 26) = .62,

p>.05) between the posttest scores for groups A and B, however the mean for Group B
was higher than the mean for Group A (see Table 6). There was no significant difference
(E(2, 25) = .00, p > .05) in the posttest scores for children in the content rich or non-
content rich computer program (see Table 6).

Knowledge Gain Data

The amount of knowledge gain was also variable (Range = —1.5 t0 83.75, Mean =
24.9, SD = 20.1). There was also significant variability in the learning for sub-themes
(F(3,108) = 3.20, p < .01) (see Table 7). Children learned most about sealife and water
transportation; both mean scores more than doubl ed.

Subject Variables. There were no significant effects for gender (F(1,26) = .23, p

>.05) or age group placement (F(2,25) = .22, p >.05) for knowledge gain. However the
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means for age group were partially in the predicted direction (See Table 8). Also, there
was ho significant correlation between the age in months and the knowledge gain.
Further ANOV A’ s showed that there was a marginally significant tendency for five-year-
olds to learn more about water transportation than the three-year-olds and four-year-olds
(E(2, 25) = 2.94, p = .071) and that there was a marginally significant tendency for the
three-year-oldsto learn less about fun at the beach than the four and five-year-olds (F(2,
25) = 3.02, p = .067).

There were no significant effects (E(1, 26) = .97, p >.05)for the amount of
previous experience (see Table 8). There was also no significant correlation (r = .20, p >
.05) between how recent the previous experience had occurred and knowledge gain.

Experimental Variables. There was no significant difference (p >.05) between the

class groups but the mean for Group B (content rich books, non content rich songs) was
higher than the mean for Group A (non content rich books, content rich songs) (see Table
9). Interestingly, five of the six children whose knowledge gains were less than 10 points
got their rich content via songs, whereas four of the six children who had the highest
gains (over 40 point gains) got their rich content viabooks. This pattern shows that even
with the variability in both groups, the manipulation does have an effect when looking at
the extreme ends of the range.

There were no significant results found for computer group on knowledge gain
(see Table 9) though the means were in the opposite direction then predicted (higher
score for non-content rich).

Other Variables. Attendanc