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ABSTRACT
An abstract of the thesis of Toni Nicole Dancutfoe Master of Science in

Psychology presented January 31, 2005.

Title: Enhancing conceptual knowledge and attitudesard science for lower
socioeconomic status, African American studentsugh interactive museum
visitation
This study investigated whether the provision ghagunities and culturally

relevant field trip experiences involving informeducation could result in increased

science curriculum knowledge and interest, whial@dcontribute to reducing the
existing achievement gap (the well-documented wffee in achievement between
majority and minority students). This study meadures effect of a museum visit for

a group of low-socioeconomic status (SES), Afriéanerican, middle school

children. Specifically, this study aimed to (a)ntiey whether a field trip to a local

science center could deepen the understandindhobkbased learning for children
from a primarily low-SES, African American scho) determine whether a field

trip to a science center could improve childrerttgwdes (interest, motivation, and

enjoyment) toward science, and (c) determine whqthgicipants’ understanding and
attitudes depended on engagement and/or percenndditaelevance.
Main effects from the analyses of variance andtstsuggest that the science

center field trip effectively enhanced curriculumokvledge and understanding for the

participating low-income, African American middlel®ol students. The field trip



was less successful in improving students’ attisudevard science (in general),
however, after visiting the museum, the studerttgudes toward the topic of focus
during the field trip (acids and bases) did improMee majority of the students
viewed the exhibits as relevant, and Interacticalysmes (ANOVA) suggest that for

those who viewed the exhibits as relevant, attitoslerd the target topic increased.
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Preface

Hands-on, informal museums are commonly viewedeasigogical arenas
where learning that occurs in the school envirortraan be enhanced and interest in
curriculum topics increased. The majority of museasindies have been conducted
with everyday museum visitors—consisting primadafychildren from white, middle-
class families. Children from low-socioeconomids$a(SES) and minority families
may have fewer opportunities for experiences oatiymal education. Yet,
interactive, hands-on environments may provide g&pees that are culturally and
contextually relevant for low-SES and minority cilién. Fewer opportunities for
informal education or the need for culturally relavpedagogy may be contributing to
the achievement gap—the difference in level of @aliment between minority and
low-income students and majority, high-income shisleBy providing opportunities
and culturally relevant experiences, field tripgalving informal education could
result in increases in curriculum knowledge andnest, which may help to diminish
the existing achievement gap.

This study measured the effect of a museum visiafgroup of low-SES,
African American children. The Oregon Museum ofédce and Industry (OMSI) has
effectively worked with the local community to iease understanding and interest in
science for low-income and minority students bypitmg after-school science

programs such as Latinos en Ciencia and the OM$¢$ Bad Girls Science Club.
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However, OMSI’s after-school programs do not attraany participants between
sixth and twelfth grades. School field trips to OM&y be more attractive for these
age groups and still increase understanding angepigerest in science. Specifically,
this study aimed to (a) identify whether a fielgh to OMSI could deepen the
understanding of school-based learning for childrem a primarily low-SES,

African American school, (b) determine whetheredditrip to OMSI could improve
children’s attitudes (interest, motivation, andogmjent) toward science, and (c)
determine whether participants’ understanding dtidides depended on engagement
and/or perceived exhibit relevance.

The findings suggest that the field trip to OMSkefively enhanced
curriculum knowledge and understanding for theip@dting low-income, African
American middle school students. The field trig2®S| was less successful in
improving the students’ attitudes toward scienogg@neral), however after visiting
the museum, the students’ attitudes toward the tofpiocus during the field trip
(acids and bases) did improve. Results suggestttbanhajority of the students viewed
the exhibits at OMSI as relevant, and for those gdww the exhibits as relevant,

attitude toward the target topic increased.
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Enhancing conceptual knowledge and attitudes toweaihce for
lower socioeconomic status, African American stuslen

through interactive museum visitation

Literature Review
Informal Learning in Museums
Why Expect Learning to Occur in a Museum?

Over the past ten to fifteen years literature réiga learning in museums has
grown in quantity and has received increased abiefitom the general population.
Informal, hands-on programs are becoming more fitteal in educating and
advocating important life skills (Quinn, 1999). Téa@ucational importance of
museums was the focal point of the American Assoriaof Museums (AAM)
presidential report in 2000. AAM president, EdwardAble, Jr., reminisced about the
1990 AAM goal to place education in the missionesteents and goals of museums.
He celebrated in the proof of a “job well done’—amced by a 1998 report by the
Institute of Museum and Library Services (IMLS)tthaund 88% of museums in
America provide educational programs for K-12 dreldurrent relationship forged
between the AAM and the U.S. Department of EducatieSDE) (Able, 2000, p. 75).
A well-known expert in the field of informal edugat, John Falk (1999) recognizes

that museums are increasingly becoming signifiedicational entities. It can be said
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with confidence that museums in thé'2entury are expected to play an active role in
edifying the public.
Why Do We Need to Evaluate Informal Learning Outsiin

It is important for exhibits to be evaluated folotwain reasons: (a) if interactive
museums hold educational value they can contritaupeiblic knowledge in core
subjects, such as science and technology; anélifp)seums can provide proof of their
educational value, they can increase funding froorees invested in public education,
such as the National Institutes of Health (NIH) #mel National Science Foundation
(NSF). Funding agencies often require evaluatiorensure that the monetary support
provided is advancing the goals stated within atgaaplication. Those goals are
frequently related to cognitive or affective dimems of learning.

The increased focus on educational outcomes hakeésn the need to
evaluate informal learning centers. The educativahle of museums has been
frequently questioned within the larger educatiammhmunity. The Carnegie Council
on Adolescent Development (1992) suggested youwhrams specify and evaluate
intended outcomes and goals using reliable measitb®ugh informal institutions
may clearly impact cognitive and affective learn(ng., attitudinal changes),
providing evidence of learning has proven difficdlhis difficulty arises from the
great range of learning possibilities, the needifoe (or possibly more than one visit)
for people to consolidate ideas learned, and thkility to detect subsequent

information sought after curiosity is sparked bg thuseum (Falk, 1999).
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What HasPast Research Found in Regard to Museums and @aghiearning?

Learning in museum settings has been definedsariaty of ways. Museum
studies most commonly refer to informal learningadsnd of conceptual change or an
increase in understanding or knowledge due to theenmm visit. Researchers in this
area also identify gains in scientific skills—obseg with the senses, measuring,
comparing, and classifying—as an indirect formeafrhing (Barclay, Benelli, &
Schoon, 1999; Wellington, 1990). Finally, affectdienensions of learning—
attitudinal change, such as increases in intemestivation, or enjoyment in a topic—
are often reported in museum studies. Each of ttypes of learning is described in
more detail below.

Conceptual change.

The majority of research conducted in informal sura settings has shown
conceptual change or increases in visitor undedgtgrafter a museum visit (e.g.,
Anderson & Lucas, 1997; Balling & Falk, 1980; Eagbhinn, 1976; Eratuuli &
Sneider, 1990; Falk & Storksdieck, 2002; Genna®@811 Giese, Davis-Dorsey, &
Gutierrez, 1993; Gilbert & Priest, 1997; Tulley &tas, 1991; Tunnicliffe &
Laterveer-de Beer, 2002; Wright, 1980). Dierkingke, and Buchner (2003)
discovered through a variety of methods that exhii the Louisville Science Center
and the California Science Center, were capabéxpénding visitors’ understanding
and perception in science and technology topica.dtudy conducted by Falk (1983),

sixty-three 12- and 13-year-old children from ager#éo above average SES levels
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and medium to low intelligence levels (based onddiadized intelligence tests used
by British schools) were taken to the human biolegkibit in a museum in London.
Children exhibited substantial gains on multipleick and true/false content
knowledge tests. Falk (1983) also discovered tiegd cognitive gains could be
predicted (83% accuracy) through unobtrusive megssuch as a function of time on
task and behavior during the visit.

Another example of conceptual increases in learaftey a museum visit can
be found in a pilot study conducted by Giese, D&assey, and Gutierrez, Jr. (1993)
during a collaborative activity between fourth gradlassrooms and a history museum.
A pre/post-multiple-choice test and a creative mgitassignment were employed to
assess learning. According to these measures tusteowed significant increases in
understanding and knowledge after the museum (Gs#tse et al., 1993). Changes in
understanding after an informal learning experigmee been observed months after
the experiences have occurred (e.g., Balling & FEY80; Dierking, Luke, & Buchner,
2003; Falk, 1983a; Falk & Balling, 1982; Falk, Msasri, & Coulson, 1998).

Similar cognitive changes have been identifiedugforesearch conducted in a
variety of informal learning contexts other thans@ums, such as after school
programs and science camps (Jones, 1997; Paridyofad Wai-Ling Pacard, 1998;
Rahm, 2002; Stover & Saunders, 2000). Summer carifittors for a science center
sponsored camp used pretests to identify commocomigptions in 14 pupils (Stover

& Saunders, 2000). Discussions and demonstrati@ns then tailored to the pre-
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misconceptions. After the camp, significant incesam scores on posttests (compared
to pretest scores) were found (Stover & Saund@@0R Scott Paris and his
colleagues (1998) assessed the effects of a sik-pregram on 184 third, fourth, and
fifth graders. Using a battery of pre- and post-saees the authors found significant
increases in knowledge and problem solving alsliéiter completing the program
(Paris et al., 1998). Such gains in knowledge fppatest to posttest are commonly
found after an interactive, informal learning expece (e.g., Balling & Falk, 1980;
Farmer & Wott, 1995; Gennaro, 1981; Giese et Q93] Paris et al., 1998; Rix &
McSorley, 1999; Stover & Saunders, 2000; Tunniel&f Laterveer-de Beer, 2002).

Indirect gains in knowledge.

Some informal learning studies reveal more compsxilts, such as
interactions between prior knowledge, or level o¥elty, and learning. In a study
regarding gains in knowledge and interest, Falk/atelman (2003) compared results
across levels of prior knowledge and interest. Tiglothe use of open- and closed-
ended interview questions, the authors discovératdcdomplex results were found
when more detailed comparisons were made. Spdbifigains in knowledge were
found for visitors entering with limited knowled¢gs opposed to moderate or
extensive) and moderate interest (as opposed tionaliior extensive). Gains in
interest were found for visitors entering with nmirail to moderate interest. These
findings are important because the likelihood eféasing both knowledge and

interest is high for the majority of visitors whyptcally enter free-choice learning
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environments with low to moderate knowledge and enaig to extensive interest
(Falk & Adelman, 2003). The current study took iataount children’s current
science grades to try to assess the effects af kmmwledge.

Equally complex studies have focused on the intenaof environmental
novelty and learning. The novelty of an environmugd proven to be more distracting
for younger children (third grade and lower) wiatemulating and encouraging for
older school children (fifth grade and up) (Balli&d-alk, 1980; Falk & Balling,

1982). Balling and Falk recommend moderation imgeof novelty for children of all
ages on field trips; in the case of each extremaeelhand boring, children’s off-task
behaviors increased and were detrimental to legrivioderate levels of novelty can
increase a child’s experience and learning poteftie present study took into
account children’s prior science museum visitsroleo to assess the effects of novelty
on learning and employed a pre-visit orientationetduce the effects.

Other studies have identified certain charactesstif the exhibit as important
factors that affect learning. Although the lisgjisite long (for examples see Borin &
Dritsas, 1997, Falk & Storksdieck, 2002), two af factors, Exhibit Engagement and
Exhibit Relevance, are of central importance todimeent study. Falk and
Storksdieck2002) conducted a multi-factor investigation om variables and their
effect on learning outcomes. The authors identiigtibit Characteristics as one of
the most influential variables. Exhibit Charactecs was measured as a composite of

Engagement Level while at the exhibit and Time $péthe exhibit. Engagement
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Level was comprised of actions and emotions. Skiand Belmont (1993) posit that
engaged children exhibit positive emotions whilereising high levels of effort and
concentration in the accomplishment of learnindk Bad Storksdieck (2002)
discovered that visitors’ Engagement Level (andd Bpent) during the museum visit
significantly impacted learning. Engagement Lead hlso been identified as a major
variable affecting learning in the classroom (Greeod & Terry, 1994; Skinner,
Wellborn, & Connell, 1990)Children who are more engaged in a topic, either in
school or in an informal setting, are more likedygain a greater understanding of that
topic. The current study assessed the relatioristipeen children’s engagement level
and learning.

The second exhibit characteristic of central inigace to the present study is
Exhibit Relevance. Borun and Dritsas (1997) conelliet series of observations along
with a literature review and identified several éxhcharacteristics associated with
increased learning. Relevance was one of severr fiagjors that elicited learning
behaviors. An exhibit is considered relevant gribvides cognitive links to visitors’
previous ideas, knowledge, or experiences (Boribrisas, 1997). In other words,
Exhibit Relevance requires that the visitor be ableonnect the exhibit content with
what the visitor knows a priori or to something faan. Hein (2001) claims that the
amount of personal connection between the visitdrthe exhibit material is directly

related to what is learned. The present study egplthe concept of exhibit relevance



Enhancing Conceptual 8

through the qualitative responses of the partioygastudents and the relationship of
those responses to cognitive and affective learautgomes.

Another area of museum research has focused aramdarning measures,
such as skills and processes, which lead to fuéamming. Wellington (1990) asserts
science centers contribute mostly to knowledget*tb@amething happens or “that”
something is possible. However, Wellington alsonpotes the idea that science centers
indirectly contribute to knowledge about “how” atwehy” by introducing new topics
that will later be more readily understood. Thiswiis further demonstrated by a small,
in-depth study of 26 UK children’s experiences vitiree exhibits conducted by Rix
and McSorley (1999). Using Wellington’s categomé&nowledge “that,” knowledge
“how,” and knowledge “why” to classify children’siswers to open-ended questions
about three exhibits, the researchers confirmedctiikdren more often learn “that” an
exhibit does something rather than “how” or “whyi’ @xhibit does something.
Although knowledge “that” is not part of immediatenceptual change, the use of
scientific processes in changing variables witmreahibit can be argued to enhance a
visitor’s future learning. Supplementing the quastiaires with observation and video
analysis, Rix and McSorley (1999) studied the abiids use of scientific processes and
skills throughout the visit: varying factors to ebge change, focused exploration, use
of scientific vocabulary to explain phenomenon, aothesystematignanipulation

during exhibit exploration. Such scientific processave been observed in visitors on
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many occasions (Ault & Herrick, 1991; Bell & RabkR002; Eratuuli & Sneider,
1990; Rix & McSorley, 1999).

Affective learning/Attitudinal change.

In addition to cognitive growth through informahlaing, Wellington (1990)
and Bitgood (1989) advocate that interactive, haordscience can improve
psychomotor functioning and affective learning.hdligh psychomotor learning was
beyond the scope of this thesis, affective learmmag explored. Moreover, many of
the museum studies that have not found favoralldteein cognitivdearning
outcomes (Ault & Herrick, 1991; Henriksen & Jor@801), especially over and above
outcomes due to classroom lessons (Flexer & Bdra®4), have found favorable
results in affective/attitudinal domains.

Affective learning includes changes in attitude tiragion, interest, and
enjoyment due to an experience. Improving scieffeetas an important function of
interactive science museums because positive aféect(a) lead to increased interest
in school-based topics and (b) encourage youthuteye careers in the field of
science. According to Slate and Jones (1998),ipesttitudes toward science
(including motivation and importance) are necesgamprovements to science
education are to be realized. Motivation cultivatechformal settings could extend
into future motivation and behavior in science tefleexperiences (Meredith, Fortner,

& Mullins, 1997).
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Many believe that gains in factual knowledge afeadilt to identify or even to
expect from class field trips to science centeligifing et al., 2003; Russell, 1990).
Those who think factual knowledge will not be founduch research, usually believe
affective gains are likely to be found and are astmportant (Russell, 1990). Some
research supports these beliefs. In a study coedwath 416 fifth and sixth graders,
comparing class lessons and museum visits, the@utbund that a class lesson,
alone or in combination with an exhibit visit, ydslthe highest levels of cognitive
learning (Flexer & Borun, 1984). However, a musausit, alone or in combination
with a lesson, was found to yield the highest difecscores, such as interest,
enjoyment, and motivation for future learning (FdexX. Borun, 1984, Paris
et al., 1998).

Finson and Enochs (1987) examined the effectssofemce-technology
museum visit on attitude toward science-technoleggiety. Improvements in attitude
were found in students whose teachers plannedhéovisit when compared to
children who did not attend the museum (Finson &dhs, 1987). Paris and his
colleagues discovered that the effects of handgamming on attitude/affect declined
as children grew older (Paris et al., 1998); howgtleese results are inconclusive. For
example, Finson and Enochs (1987) found increasattifude scores were highest for
sixth graders, second highest for eighth gradetsloyvest for seventh graders. A final
example of affective learning is provided by theypously mentioned study by Rix

and McSorley (1999). The largest differences foafter the museum visit were in the
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realm of attitudinal change. Pre- and post-qualgatuestionnaires about attitudes
toward science concluded that children’s attitud@grd science had greatly
improved (Rix & McSorley, 1999). The researchersdggest that to obtain lasting
improvements in science attitudes, teachers shakleladvantage of these moments
and continue to cultivate this interest.

Why Do We Need Museums in Addition to Schools?

The learning that occurs in an informal environmeant help to solidify
previously learned information, open the door fdgufe understanding, and lend
relevance and context to a concept taught in thedsetting. Hands-on
environments are also enjoyable; they can incredeeest and entice visitors to want
to learn more about a subject. Questioning and $randplayfulness promote
scientific thought, further curiosity, and buildaindation for later learning (Barclay
et al., 1999). For new knowledge to be formed, peopst be repeatedly exposed to
concepts (Resnick & Chi, 1988). People must hay®dpnities that encourage them
to explore topics again and, possibly, more deéfgtys kind of encouragement can be
found in informal education settings such as museum

It is important to extend children’s school-acqditeowledge in an environment
that does not simulate school activities (Quinr@A90ne reason for extending
knowledge in different contexts is that the exex@s application of a concept across
diverse contexts has been shown to strengthercthesaion of knowledge and increase

the concept’s generalization (e.g., Gibson, 196Bg features that characterize free-
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choice learning in settings like hands-on museumsiaformal, voluntary, non-
sequential, fragmentary, collaborative, curiostiyeh, individual, multi-sensory, and
satisfactory (Griffin, 1998; Templeton, 1988). Imyuand investigation in such informal
settings encourage and develop independent ledidavekey, 2002). The learning that
occurs in an informal setting is more contextuadligvant and more intrinsically
motivated than that which occurs in a formal scremiting. Formal and informal
educational enterprises may both be necessaryt enelxpected that together they can
enhance the experience that either arena can gralode.

Given the above considerations, a study of museamming should include
measures of knowledge acquisition, conceptual aleangd affective learning.
Additionally, a study of museum learning should r@dd factors that impact cognitive
and affective learning in a museum setting: le¥ermagement while at the exhibits,
previous visits, prior knowledge, and perceptiohexhibit relevance. The current

study aims to address each of these aspects.
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African American Achievement in Science:
A Discrepancy Between Socioeconomic Status andsétod’edagogical
Experiences, or Culturally Different Ways of Leagniand Knowing?
What is the “Achievement Gap?”

A well-documented achievement gap exists betweédreh and adults from
low-socioeconomic, non-white populations and theevpivileged majority.
Individuals from low-socioeconomic and minority pbgtions continually display
lower academic achievement as evidenced by gréstsscores, school completion,
and education levels (Slate & Jones, 1998; TheoNatiTask Force on Women, 1989;
Van Laar & Sidanius, 2001). See Figures 1 and 2hf@most recent National
Assessment of Educational Progress (2003) datavtSES (determined by
eligibility for a school lunch program) and Afric#merican students, respectively.
Eradicating this achievement gap has been a hightgrin the education system the

past century (The National Task Force on Women9;19an Laar & Sidanius, 2001).
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Figure 1(adapted from O’Sullivan, Lauko, Grigg, Qian, & Ziza 2003)

Figure 3.12
R — Average science scale scores by student eligibility for free/reduced-price

Results by Free/Reduced- school lunch program, grades 4, 8, and 12: 1986 and 2000

Price School Lunch
Eligibility

Grade 12
'96 '00

® Not Eligible O Eligible A Info not available

& Significantly different from 2000.
SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP), 1996 and 2000 Science Assessments.
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Figure 2(adapted from O’Sullivan et al., 2003)

Figure 3.4 Average science scale scores by race/ethnicity, grades 4, 8, and 12: 1996 and 2000

National Scale Score
Results |:I)|I Race/
Ethnicity

@ White M Hispanic
O Asian/Pacific Islander O Black
A American Indian

% Significantly different fram 2000.

# Special analyses raised concerns about the accuracy and precision of national grade 4 Asian/Pacific Islander results in 2000. As a result, they are omitted from
the body of this report. See appendix A for a more detailed discussion.

SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP), 1996 and 2000 Science Assessments.

Research regarding the achievement gap usuallgésoon two main
contributing factors: (a) socioeconomic status,clihs usually attributed to resource
availability, and (b) minority/majority group diffences, which are often related to
culturally relevant ways of learning and knowindpeTeffects of these factors on the
achievement gap are often difficult to disentarmgdeause minority populations,
especially African Americans and Hispanics, areraepresented in lower

socioeconomic populations (Biddle, 2001; Kozol, 1P%irst, differences in
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achievement in lower socioeconomic groups and tase differences contribute to
lower levels of achievement are discussed. Thdtehces will then be related to
minority differences in achievement. Next, cultlyaklevant ways of learning and
knowing and how these differences impact Africanekican achievement will be
discussed. The current levels of African Americehi@vement in science will be
reviewed. Finally, the aforementioned factors abating to the achievement gap will
be considered in relation to museum use.
Socioeconomic Status (SES) and the Achievement Gap

The socioeconomic status of children and their deoaocial environment
strongly determine life outcomes, such as educammhachievement (Fischer et al.,
1996). This inequity is not occurring in the Unit8thtes alone. In an international
effort to understand inequalities in educationité@n countries, including the United
States, were examined. Each of these countriesXja@tienced educational reforms,
however, these reforms were not related to inceegseducational opportunity for
students from the lower socioeconomic strata (Siatdlossfeld, 1993). Large
percentages of children are living in poverty tigibout industrialized Western
nations; in the United States as many as 20% dests attending school live in
poverty (Barton, 1998). Therefore, the problemoo¥ kocial status, and how low
status is related to educational achievementpsaally important in the United

States.
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Data from a nationally representative sample 0884 students taking math
and science in 10th grade were analyzed to digberfactors affecting the
achievement gap (data were collected by the Ndt©eater for Educational Statistics
in 1995). Researchers found that, indeed, studemtshigher SES tended to show
substantially higher achievement levels than sttedieam lower SES families (Elliott,
1998). Naturally, the next step is to understana lomw status groups achieve less
academically.

A large body of achievement gap research focusdwwanschool district
funding affects achievement. “The United Statee differs from other advanced
nations in that it collects most of the funds nekfie public education through taxes
in local school districts, and this means that supfor public education in America
varies sharply between rich suburbs and less afflciey ghettos or poor, rural
communities” (Biddle, 2001, p.19). This differenneschool funding per school year
in America ranges from schools receiving $15,000spgedent to schools receiving
less than $3,000 per student (Biddle, 2001; Kak@®1). In essence, poor children
attend poor schools, and rich children attend sools.

It is easy to understand this disparity withouttunderstanding the
implications of such inequalities. When researckassthat the poorest children
attend the poorest schools, they mean the schottidlve most overcrowding, least
space, least resources, and, often, fewest wealletlaeachers. Kozol (1991) described

sub-standard schools where children had to stanh&srooms until others inevitably
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dropped out, four unrelated classes were taugigiisame room at the same time,
libraries did not own reference books, and obvidilegpidation existed both inside and
outside. Children attending such poorly funded stheee and understand the
differences between their schools and “rich” schodhe quotes of teens in Kozol's
(1991) bookSavage Inequalitieslluminate the inequity and implications of this
imbalance from the eyes of the teens experientiamtfirst hand:

You can look around you at their school, although i

impolite to do that, and you take a deep breatheat

sight of all those beautiful surroundings. Then you

come back home and see that these are things you do

not have. You think of the difference. Not at firt

takes a while to settle in.

People from the outside may think that we don’twno

what it is like for other students, but we visihet

schools and we have eyes and we have brains. You

cannot hide the differences. You see it and compare

...I do not have that freedom [that rich peoplegh)
and | can’t go to their schools (p. 104).

Although originally contested (see Hanushek, 198®)st recent research
supports the claim that unequal funding and acaessignificantly related to unequal
achievement (Elliott, 1998; Greenwald, Hedges, &kal996; Hedges, Laine, &
Greenwald, 1994; Hedges & Nowell, 1999; Payne &R 1999; Van Laar &
Sidanius, 2001). Specifically, spending less pedet does affect academic
achievement (Elliott, 1998; Payne & Biddle, 199R)e relationship between unequal
funding and access to level of achievement is siip@doy a recent re-meta-analysis

of Hanushek’s (1989) research that had refutedréégionship. Using the same data
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that Hanushek used, but employing more sophisticaieta-analytic techniques
(combined significance tests and combined estimatiethods, cf. vote count
methods), Hedges, Laine, and Greenwald (1994) féhatchigher Per Pupil
Expenditure (PPB)assignificantly (positively) related to student aeatc
achievement.

A review of seven nationally representative studiesvelfth graders from
1965-1992 was conducted to determine whether thiexaament gap could be
attributed to differences in social class (HedgeNdwell, 1999). Using the linear
equating method to compare indices across surtegsuthors found that social class
accounted for approximately one-third of the diéi@res across science achievement
test scores (similar results were obtained forrothericular subjects) (Hedges &
Nowell, 1999). A good portion of the relationshigtlveen social class and science
achievement can be explained by resources beioggadld to teachers’ salaries,
teacher training in emphasizing inquiry skills, gmdviding adequate science
equipment (Elliott, 1998). As one author concludex,only does money matter, how
the money is spent also matters (Elliott, 1998).

School funding and socioeconomic status are sulbggoredictors of
mathematic achievement as well (Tate, 1997). Ifionkides curriculum level as a
predictor (better schools are presenting highegltesf curriculum), the three
predictors explain 33% of the variability in mathetios achievement across the nation

(Payne & Biddle, 1999; Tate, 1997). Interestinghgce-ethnicity was not a predictor
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of mathematics achievement when the other thraahtas were included in the
regression equation (Payne & Biddle, 1999; Tat8,719However, race was highly
correlated with child poverty and lower levels afreculum (Payne & Biddle, 1999).
Because blacks are disproportionately representdtkilower socioeconomic
strata of society, achievement in science and atress is more likely a function of class
rather than race (Hill, Pettus, & Hedin, 1990). del(2001) suggests that race, ethnicity,
and social class interact with poverty to affeat@ion in complex ways. The over-
representation of minorities in lower socioecononegghborhoods is one way
researchers approach the minority/majority achier@rgap. One can contend, then, that
a main reason for the gap in science or math aement is less Per Pupil Expenditure—
that is, fewer resources and less access to peddatytmpls. Another explanation for the
achievement gap lies in culturally different waydearning and knowing.
Cultural Variations in Learning and Knowing and tAehievement Gap
Aside from the argument that minority achievenienels are more likely a
function of the high proportion of minorities ifWeSES situations, another
explanation is gaining support among educatorsresearchers. Minority students are
raised in different cultures than majority studeatsd, therefore, learn, understand,
and communicate in very different ways. Researcwélsthis point of view believe
that “...if science is open to multiple ways of knagj doing, and communicating,

then those students whose lives are not mirroréichditional school science will find
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connections between themselves and science malg’ éBarton, 1998, p. 528). This
view expresses a need for culturally relevant pedgg

Culturally differentiated ways of learning and kriogzare embedded in
culturally variable world views (Nelson-Barber &unbull Estrin, 1995). Such
differences include: (a) learning patterns and eagines to problem solving, (b) ways
of communicating knowledge, and (c) values of whamnportant or appropriate to
know (Nelson-Barber & Trumbull Estrin, 1995). Ogld®95) articulated this
argument well: culture is an adaptive way of libe & group of
people, which produces cultural ideas, values, emgt perceptions, skills, and
behavioral patterns.

Ogbu (1995) acknowledged that different culturdsrogxist within a given
population and these cultures differ in their adaipns in life. These differences may
be due to alternative physical or social environta€low-socioeconomic
neighborhoods) or due to alternative historicalezignces that have shaped how
cultural members perceive and react to their envirent and others. The culture
within the school, which prescribes specific leaghstyles, may differ greatly from a
child’s own culturally acquired learning styles (idg 1995). Disparity between the
school culture and the child’s culture may leadateely assessing a child’s
intellectual abilities (Ogbu, 1995). The discrepabetween school culture and a

child’s home culture often leads to unsuccesshulimg experiences for these
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children, while a goodness of fit between the sthkatiure and the child’s culture
leads to a more successful learning experience.

A person’s culture also defines what is importanegarn, how to learn, what
to remember, and how to interpret or perceive mfatton (Nelson-Barber &
Trumbull Estrin, 1995). Children are enculturated/alues that underlie the
understanding of science. In the school systenidreim are enculturated to science
discourse that may or may not mesh with their pmevivalues and understanding of
science (Nelson-Barber & Trumbull Estrin, 1995}efyrating these values and
patterns of discourse is part of learning whicrstddents face; however, certain
cultures may more easily integrate while otherg faore challenges in this
integration process (Nelson-Barber & Trumbull Estdi995). Usually children from
the dominant culture fall into the former categamile children from the non-
dominant culture often fall into the latter (NelsBarber & Trumbull Estrin, 1995).

Culture influences the way a population communiaiée United States is a
pluralistic society with many different culturessubcultures, each with their own
distinct communication norms. Cross-cultural comioation can often challenge those
norms and lead to communication bias (Ogbu, 1998&)rces of culturally-based
communication and language-based bias inclsidigational bias, communicative style
bias,andcognitive style biagCole & Griffin, 1987; Taylor & Latham Lee, 1987).
Taylor and Latham Lee (1987) defined each in t8ituational biagefers to the

cultural differences regarding who may speak tomwhleow language is produced and
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interpreted, and expectations/behaviors withinowggisocial situation€€ommunicative
style biagefers to the divergent values, rules of interataeind event perceptions that
influence how one relays information. An example@hmunicative style for African
Americans is the cultural resistance to statingaitsous (as in the obvious answer to
an obvious question on a test) (Ward, 19Tbgnitive style biasefers to how
individuals perceive, process, and organize infeienaThere are various cognitive
styles, which may be elicited through sociocultdaators, economic factors, or child
rearing practices. Cognitive style may influencgliistic style. Taylor and Latham Lee
(1987) related these and other biases to testgaksues (see also Clawson, Firment, &
Trower, 1981), while other researchers have reltdtese biases to the judgment of
students’ abilities (Nelson-Barber & Trumbull Eg{riL995). These differences
highlight the need for culturally responsive pedag&eiler (2001) argued that
national standards and schools tend to ignore soltiwal, political, and economic
contexts of minority and low-SES students. Addmggs$he interests, abilities, and aims
of the students in pedagogy will allow learningake place, learning that will address
the achievement gap (Seiler, 2001).

Differences in achievement scores between low-2&&an Americans and
middle- to high-SES, white Americans exist. Thesgieigknces may be largely due to
resources or cultural variations in learning, ustsding, interacting, perceiving, and

communicating. It is feasible that, regardlesshefunderlying reason for these
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differences, one can identify the discrepancy imeement and identify ways to

diminish the gap that address both resources dhara@lly relevant pedagogy.



Enhancing Conceptual 25

Where Do African Americans Currently Stand in Retato Science Achievement?

According to the National Center for Educationaltistics, a six-year gap in
science was detected in 1994, meaning that Afrigaerican seniors in high school
were performing at a sixth-grade level in sciendeefnstrom & Thernstrom, 1997). A
similar achievement gap for black students in ssemas observed for children at the
ages of nine and thirteen (Thernstrom & Thernstrd®9,7). According to White
(1992), the science achievement gap exists acliaageagroups. The previously
mentioned review conducted by Hedges and NoweB9g)18iscovered that black
Americans were over-represented in the lower 5#cbfevement test scores and, at a
greater magnitude, underrepresented in the uppesfiést scores.

African Americans comprise 12% of the populatio¥ 8f the total work
force, and 7% of total workforce in science andieegring (Bureau of Labor
Statistics, 2003; Division of Science ResourcesiSies, 2004; National Science
Board, 2002). Fields such as science and industrpeginning to look toward
minorities to fill their positions. “In a very reaénse, the ability of the United States
to retain and improve its position as a world ecoiropower depends heavily on the
Nation’s ability to recruit, train, and retain tated scientists and engineers” (White,
1992, p. xi). The National Task force on Women, Mities, and the Handicapped in
Science and Technology (1989) was formed to tiptoease parity in both science

and technology education and workforce.
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Some research suggests that the achievement dapimsshing (Tate, 1997);
other research suggests the gap leveled off at pomein the 1970s (Hedges &
Nowell, 1999); and still other research suggestggthp has widened since the 1970s
(Thernstrom & Thernstrom, 1997). Regardless, toheifathat the achievement gap
still exists. It is possible to use our knowledgew@ unequal resources and the need
for culturally relevant educational tools to achveradicate the gap.

What Special Role Might Museums Fill in Sciencerhieg for Low-income African
American Middle School Students?

As mentioned, reducing the achievement gap hashbeerg a priority of the
education system (The National Task Force on Worh@89; Van Laar & Sidanius,
2001). An eradication plan should provide accessdceater variety of educational
contexts, such as museums. Van Laar and Sidar@0@4)3uggested that the limited
wealth of low status children also limits accesendching experiences such as visits
to museums, cultural events, and trips to far aplages and exotic cultures. Beane
and Pope (2002) suggested that museum visits maggdeeially important for
underserved youth:

Although all youths can benefit from these progratine probability of
a positive impact on the observable affective ayghttive
development is even higher for adolescents whausseof their

cultural or economic backgrounds, have previoustkéd regular
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access to the science museum, its objects, exhpbdgrams, and
people (p. 327).
Addressing these inequalities could be a way tamize the achievement gap.
Museums could increase funding and access by taggeinding agencies to promote
increased numbers of field trips for children witiead low-status schools.

Because many classrooms have decontextualizedrigamareas related to
science (Nelson-Barber & Trumbull Estrin, 1995; @gb995), field trips can aid in
reestablishing the context, and perhaps the retevant the subject matter.
Recontextualization will help improve science ediorafor minorities; museums are one
way to supplement school curriculum through recantizing the information (Cole &
Griffin, 1987). Hands-on contextual learning angexential activities may help children
to learn in ways that are relevant, comfortablel, amderstandable to them.

In order to increase a visitor’'s willingness to kxp, investigate, question, and
challenge, an exhibit must be personally or cullyralevant to the visitor. The
amount of personal connection between the leamstmndnat is taught is directly
related to what is learned (Hein, 2001). Recoguitine importance of learners’
backgrounds is necessary in creating culturallguvaht exhibits. A museum exhibit
can achieve relevance through graphics, text, riyc If any or all of these factors
are personally or culturally relevant to the leayeegnitive and/or affective gains are

more likely to occur.
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Research also indicates that African American sttglsay learn better in
contexts that involve movement (Allen & Boykin, 19®Boykin & Allen, 1988;
Boykin & Cunningham, 2001). Allen and Boykin (199fiycovered that low-
socioeconomic status African American studentsgoeréd significantly better than
low-socioeconomic status European Americans orllrasks when exposed to
information in a high movement situation accompdrig music. Conversely, low-
socioeconomic status European Americans perforrattdrithan low-socioeconomic
status African American students on recall taskewdxposed to information in a low
movement, sans music, rote situation. In a sinslady, Boykin & Cunningham
(2001) discovered that these effects are strorayegrfcoding processes than inference
processes, although African Americans revealeceas®d ability for both processes
when taught in a high movement context. Low movemete situations are similar to
those found in school contexts, while high movenoemtexts are similar to those
found in informal educational environments. Accaglto the findings of Boykin and
his colleagues (Allen & Boykin, 1991; Boykin & Al 1988; Boykin &
Cunningham, 2001), cultural experiences may primielien from different
backgrounds to experience compatibility within eifint learning contexts.

Unlike school learning, which depends on verbakotten symbols for
communication, learning in a museum relies moreiogct hands-on interaction with
objects and depends on nonverbal pedagogy (Ramgese@al997), which can be

more relevant to lower socioeconomic and minoritjydren (Ogbu, 1995). If an
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exhibit is personally or culturally relevant, thieelihood of reaching the learner is
increased. It is also plausible that the activeexof a hands-on museum will be
compatible with African American cultural experiescand allow for increased
understanding and recall ability (Boykin & Cunniragh, 2001).

What Has Past Research Found in Regard to Low-iecoanMinority Children and
Informal Learning?

The informal learning community has realized thpamtance of extending
resources to minority and lower SES neighborhobeisure research indicates that
participation in cultural activities, such as musayis significantly less likely for
non-white, as well as lower class, Americans (Digiag Ostrower, 1990; Falk,
1995; Stamps & Stamps, 1985). The Commission oreMius for a New Century
reported in 1984 that cultural pluralism in museexhibits, employees, and visitors
should be a focus for museum practice (Able, 19898)previously mentioned, a
major problem in diversifying the visitor populatics unequal access to programs for
children from differing SES backgrounds (ASTC, 20Qiinn, 1999). Most museums
have made efforts to attract and fund programsificierrepresented populations, and
most have been successful in diversifying theitatigpopulation.

Although many interactive museum programs haveetarglower SES and
minority youth (cf. YouthALIVE!), very little reseah has been published on the
effectiveness of these programs. For example, theéhALIVE! program was

developed to enhance opportunities for adolesdemts minority and low-income



Enhancing Conceptual 30

communities (Beane & Pope, 2002). YouthALIVE! praxgs exist in over 70
museums. As of 1999, 71% of all participants weoenflow-income communities
and over 46% of the program participants were Afriémerican (ASTC, 2001). Yet,
even the YouthALIVE! program director acknowleddjest little rigorous research
exits on such programs (Beane & Pope, 2002). Ofdgyveof the previously
mentioned museum studies specified a fairly divetggect pool (Balling & Falk,
1980; Falk, 1983b; Falk & Storksdieck, 2002; Patial., 1998; Stover & Saunders,
2000), while many did not identify the socioeconomi ethnic makeup of
participants (Eason & Linn, 1976; Eratuuli & SneidE990; Falk, 1983b; Falk &
Balling, 1982; Farmer & Wott, 1995; Finson & Enoch887; Flexer & Borun, 1984;
Gilbert & Priest, 1997; Henriksen & Jorde, 2001;bi¢ta & Olstad, 1991; Paris,
Troop, Henderlong, & Sulfaro, 1994; Prentice, Guiegi McGugan, 1998; Rix &
McSorley, 1999; Stronk, 1983; Tulley & Lucas, 19%1nnicliffe & Laterveer-de
Beer, 2002; Wright, 1980). A review of the litensuevealed two main studies that
focused on minority or low-SES populations and iinfal education.

The first study evaluated the effectiveness ofGlig Farmers program in
teaching inner-city, African American teens ab@anhwork, gardening, garden
science, community, and work (Rahm, 2002). Throuigeotaped observation the
researcher was able to identify three types of tipres posed during the project: (a)

information questions, (b) knowledge integratioesfions, and (c) inquiry questions
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(Rahm, 2002). The author found that these questionsally led to emergent
learning for the participants.

The second study was conducted shortly after reiragrthe Young Scholars
Program at Ohio State University to emphasize hamndsctivities (Jones, 1997). This
program worked with underserved, African Americawnityh from urban residences.
Through qualitative research methods, Jones idedtihe importance of framing
information in relevant ways for this populatiorhelresearcher found that hands-on
activities increased understanding and interestitadgriculture and science by
making the material more contextually relevanttfer target population (Jones, 1997).

As shown earlier, museums can be a valuable resdoréncreasing learning
and interest in core school curriculum topics, saglscience and technology.
Supplementing school-based curriculum with intevaatnuseum visits can enhance
children’s learning (Resnick & Chi, 1988). Incremge understanding and interest can
help minority and low-SES students attain higheele of achievement, therefore
reducing the aforementioned achievement gap. Tiremuow levels of achievement
are related to later college attendance and aamentin the job market. Fields such
as science are actively trying to diversify themrmoyee pool (White, 1992). If
interactive museums can help to increase achievieamehimprove attitudes toward
(especially career interest) science for minoritgl ®ow-income children, they may

effectively aid in the diversification of such orgzations.
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Developmental Theory and Museum Learning

When conducting research that spans the fielgswythology, formal
education, and informal education, one must consid®ries that can illuminate the
understanding of each field and the implicationthefresults in each field. As
previously mentioned, America is a pluralistic gdgiin which many subcultures are
represented. Because this research will be condlwata youth from a low-
socioeconomic, primarily African American culturels important that the theories
behind the research be culturally sensitive, ssctoastructivism, or culturally
explicit, such as sociocultural theory. Construstitheory has been mentioned in
psychology literature (Hatano, 1993), formal edioraliterature (Nelson-Barber &
Trumbull Estrin, 1995), and museum literature (Aisd@, Lucas, & Ginns, 2003;
Hein, 1991, 1999, 2001). Sociocultural learningptiyehas also been addressed within
psychology (Cole, John-Steiner, Scribner, & Soulaerni978; Hatano, 1993), formal
education (Cobb, Wood, & Yackel, 1993; Moll & Whitme, 1993; Nelson-Barber &
Trumbull Estrin, 1995), and informal education (fkiag et al., 2003; Jensen, 1994,
Ogbu, 1995). The two theories often coincide, engatvhat one author deems
constructivist Vygotskianism (Hatano, 1993). Du¢hte relevance of context in this
research, apprenticeship learning or situated tiogrtiheory is also necessary in
understanding the research results. Each will ipboexd, in turn, and related to

museum learning.
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Constructivism

Recent theories in museum studies and educatiooftare grounded in
personal construction of meaning and understandiage possible by individual
experiences and knowledge prior to the museum misitass lecture. These theories
can be summarized by constructivism, which is &tion of two beliefs: the learner
must be active, physically and mentally, in th@nstruction of knowledge, and the
knowledge constructed must be relevant (personallyirally, and socially) to the
learner. Constructivism is an ideal theory for musdearning because the theory
encourages an interactive environment, substastiageimportance of gaining mental
processes for understanding, establishes playezsrang experience, and is
inherently sensitive to cultural and individual eligity (Hein, 2001). However, it is
important to note that both Falk and Hein warn theihglemuseum visit may not be
sufficient for visitors to construct new attitudesganing, or understanding regarding
a topic (Falk, 1999; Price & Hein, 1991).

Constructivist theory is not new in psychology. Maonstructivist views may
be traced back to Piaget’'s notion that childrervalt construct knowledge (Miller,
1993). Constructivist theorists view the individaal active in the process of learning
(Nelson-Barber & Trumbull Estrin, 1995; Novak, 1998 child’'s (or adult’s) role in
learning is often viewed as reciprocal (Hein, 20Wbjl & Whitmore, 1993)—the

child influences their environment as their envimramt influences them. This
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reciprocal interaction between the knower and ti@akn can also be seen in Piagetian
theory (Miller, 1993).

Once it is understood that Piagetian theory mayediedconstructivist theory,
it Is important to recognize that constructivisnséparate and sheds new light on
learning. The constructivist theory of learning moWledges that individuals’ current
conceptions are products of diverse personal expess, observations of objects,
culture, language, and pedagogy (Anderson et@D3R Constructivism posits that a
person’s ideas, prejudices, memories, opinionsyarttviews play a role in their
(socially-mediated) construction of knowledge orameag making (Hein, 1999).
Ideally, constructivism is the capacity for humaaings to use prior understanding in
the construction and communication of meaning (Kpt893). When viewing
learning through a constructivist lens, a childkperiences and influences interact to
create a new sense of meaning. Because childnepésiences influence their current
understanding, these experiences and interactidh®rever pervade each new
experience, perception, interpretation, and submsqunderstanding of concepts. An
exhibit’s relevance to the learner depends ondgbmkr’s background (i.e.,
perception, worldview, previous knowledge, andIskiHein, 1995). If a learner
experiences a personal or cultural connection texaibit, then cognitive or affective
gains are more likely to occur.

Learning, according to constructivism, can be gahdu occur as a rapid

restructuring of conceptual knowledge (Andersoal 2003; Nelson-Barber &
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Trumbull Estrin, 1995). These processes are sirtol&iaget’s assimilation,
accommodation, and equilibration processes. Whamées experience different
variations or interpretations of a concept, th@ngersonal meaning eventually
(gradually as in assimilation) combines with figlitbwledge to create their own, more
complete, understanding of the field (Hein, 20@5.in Piaget’s accommodation
process, constructing one’s own personal meaniegtaslly requires one to replace
previous concepts. Piaget believed that conceptldpment occurred out of the
necessity to resolve conflicting ideas, which a@vpked through questions and
resolved through a process deemed equilibration Glasersfeld, 1996). These
conflicting ideas oftentimes result during peeerattion and are resolved between
peers. A museum field trip, employing small studgoiups, may facilitate such
equilibrating concept development. Accommodationdsguaranteed in any learning
situation (Hein, 2001), therefore, it is importamiprovide repeated exposure and
varied experiences to allow children to graduallgsime field knowledge in their
own personal meaning of a concept. For the purpbtee current study, it was
thought thathe museum visit could either be the necessaryategeexposure and
varied experience, therefore enhancing learningpdppities, or thesinglevisit could
be an inherent limitation, which could make it aiffit to see any significant increases

in understanding or attitudes toward science.
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Vygotsky, Contextualism, and Socioculturalism

Contextualism and constructivism share many unaweglgheoretical views. As
in constructivism, contextualism maintains the @lattively constructs knowledge,
and the child’s previous knowledge, language, g#iaes, and interactions all
influence the child’s subsequent learning and nmgamaking. The most notable
difference between the two theories is that corstnsts view the child as influencing
the environment and vice versa, while contextualglieve that these effects cannot
be separated. Contextualists view the child-invagtin-context as the unit of study,
meaning that the child is shaped by his or heradaxiltural-historical context (Cole et
al., 1978; Miller, 1993; Rogoff, 1990). These cotiseare inseparable—the focus of
contextual research is on the process of childiiture in context in history as a unit.
This distinction, however, is not often made in tbgearch literature, and the
distinguishing lines in defining the unit of studse often crossed by both
constructivists and contextualists.

Vygotsky is considered a contextual theorist. \fg§g's most cited theoretical
concept is the zone of proximal development, ofégarred to as the “zone.”
Vygotsky acknowledged that a child could reachréage degree of understanding or
ability alone (Cole et al., 1978). Vygotsky alsocagnized that when an adult or more
skilled child scaffolds—prompts, encourages, arsisés—a child, that same child can
reach their full potential in understanding or &pi{Cole et al., 1978). Vygotsky

believed that a child’s full potential already @&t within the child but was not within
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the child’s immediate grasp without scaffolding [€et al., 1978). The difference
between the child’s actual ability and the levetompetency possible when
scaffolding is present is the zone of proximal depment (Cole et al., 1978).
Functions which are not matured, but in the prooéssaturing, are the functions that
are effectively encouraged by the zone (Cole etlalZ8; Miller, 1993).

In most literature, scaffolding is provided by atuli or more experienced
child, however, many believe Vygotsky’s scaffoldmederred to “...any situation in
which some activity is leading children beyond tteeirrent level of functioning”
(Miller, 1993, p. 384). Therefore, in the contektlus research, it was thought that the
exhibit activities would also scaffold the childéel of understanding. Hands-on
experiences within an interactive museum can hldren to reach potential
understanding of a topic that may otherwise neerkrtime (days, months, years) to
mature. Ideally, a school lecture will introducelald to a set of concepts. An exhibit
must find the appropriate level at which to engengelearner. Following a child’s
introductory understanding, a well-designed exHtiwtt allows the child to question,
investigate, and manipulate the properties at hdrifgvel should scaffold the child
and allow the child to reach a greater level ofarathnding.

Vygotsky viewed learning as the process, not tloelpet—Ilearning stimulates
internal developmental processes which operatesocil environment containing
more skilled others (Cole et al., 1978). Eventutilyse processes are automated and

internalized and the child has advanced developaiig{Cole et al., 1978). Given the
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developmental process Vygotsky associated witmiegr it was thought that
identifying what was learned after a single vigithout giving the child time to
consolidate and automate the information, could@uifficult (Cole et al., 1978;

Falk, 1999). The majority of school curriculum imad at children’s actual
developmental level, but Vygotsky argued that nesessary to teach in the zone, thus
allowing children to reach a new, higher stagehefdevelopmental process (Cole et
al., 1978). Hands-on processes learned in a sciranseum can stimulate learning at a
higher level, learning within the zone of proxindavelopment. “Science centers are
envisioned to entice learners to go beyond thesgmt knowledge and to construct a
newer, larger vista of scientific thinking” (Ram&assert, 1997, p. 436). Vygotsky
also believed in the importance of cultural andaanfluences on cognitive
development.

Vygotsky's sociocultural theory postulates that ¢h#ure in which one lives
permeates all aspects of that person’s life. Santtaral influences are listed (Miller,
1993) followed by parenthetical examples: beliegtigion), knowledge (poisonous
vegetation), values (collectivism), interactionsgagement), customs (holidays),
language (verbal and nonverbal), skills (how tothwstructures (transportation
systems), and objects (technology). Culture is iclened a medium through which
experiences are perceived, interpreted, understowbenacted (Miller, 1993).

A child’s gain in knowledge and conceptual undergiag is mediated by their

cultural influences (Miller, 1993). A child’s cultet will provide them with
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psychological tools, which will influence both thght and behavior in the learning
process (Miller, 1993). For instance, languag@asight to be the most powerful
psychological tool provided by a culture, shapinghad’s thought, attention,
perception, behavior, speech, and goals (Cole,et@f'8; Kozulin, 1986; Miller,
1993). All of the psychological tools provided hbiyeds culture influence a learner’s
perception of relevance of a topic or exhibit. Bythielevance can influence how a
learner perceives, attends to, interacts with,discusses an exhibit. The tools
emphasized within a culture are related to theucalineeds and values, and therefore
differ between cultures (Miller, 1993). This is iorpant in understanding how
children raised in a subculture, such as thoskarpturalistic United States, are
expected to respond and interact within a cultna¢ ¢mphasizes different tools
(language, communication, values, and skills). Extutalist and sociocultural
research is collected across countries, sociadetasand ethnic groups (Kozulin,
1998; Miller, 1993).

In Vygotsky’s sociocultural theory, all intelleclifanctioning exists primarily
between two individuals (adult-child or more skdllehild-child) (Miller, 1993). This
intermental activity (intersubjectivity) eventuatiyrns inward, whereupon the child
begins to use what they have learned socially ailtdrally in an intramental, personal
manner (Miller, 1993; Rogoff, 1990). This theoryggasts that all thought is
conceived through social interaction that is calliyrmediated and therefore will

always be seen though this sociocultural lens.fdbeint types of settings offer
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different types of interpsychological activitieiler, 1993, p. 386). What a child
experiences at home influences school experiebodis,of which will influence
museum experiences, which will reciprocally inflaerfuture experiences in the
school and at home. All of these contextual expegs will be internalized in the
child’s active interpretation of his or her worli(ler, 1993).

As previously mentioned, sociocultural researchfbessed on intercultural
cognitive differences between social class and mnityimajority cultures. Researchers
have developed a deeper understanding of soced alad minority cultural
differences in the U.S. education system. Somarekers (cf. Vygotsky) believe
that, “Intercultural cognitive differences are itited to the variance in systems of
psychological tools and in the methods of theinggitjon practiced in other cultures”
(Kozulin, 1998, p. 102). Others (cf. Cole) pos#ttiminority differences do not lie in
the acquisition of cognitive processes but in thikucally required manifestation of
these processes, which differ depending on cork®aulin believes that different
cultures and subcultures approach learning mateniadliating language, and problem
solving in manners that lack parity. Majority statke Kozulin argues, grow up
thinking, talking, and interacting in a manner cocigie to school learning. Minority
children often do not have the same exposure toitog practices that are conducive
to school-based learning (Kozulin, 1998). Thusldrkn trying to work within two
cultural systems often find themselves torn betwgkat may seem a competition

between their home culture and the dominant sctaalre. Typically, both cultural
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systems suffer (Cobern, 1993; Rogoff, 1990). Iedacational venue such as a
museum can approach a topic in a manner thattigrally relevant to minority
children, then that educational venue can help medhanterest and understanding of
that topic. Apprenticeship learning, or situatedraton, is a theory often embedded
in sociocultural theory, which is commonly used wilagldressing cognitive learning.
Additionally, many researchers follow a combinedstouctivist-contextualist
approach to understanding learning.
Apprenticeship Learning/Situated Cognition

A related theory is apprenticeship learning oratd cognition, which are
terms used interchangeably by researchers andstseedrhe main focus of this theory
is learning in doing (Lave, 1990), in other word®a#hing experiences are
contextually embedded. “Cognitive apprenticeshithésdevelopment of concepts
through continual authentic activity” (Brown, Coldi, & Duguid, 1989, p. 39).
Through varied experiences, a concept will contiigugain new meaning and
understanding, because each repeated occurrens@ aaav context through which
the person’s understanding of the concept willdsshraped, re-assessed, and further
comprehended (Brown et al., 1989).

Many argue that the defining difference betweemfdrand informal learning
is that formal learning is decontextualized andraloted, while informal learning is
context-embedded and fairly concreteapplied (Brown et al., 1989; Lave, 1990).

Situated learning theorists hold that the procé$samning relies on practice, and is
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socially and culturally constituted (Lave, 1990ppkenticeship learning is presented
as a valuable tool to “think with” when creatingeculum, not a practice that can be
carried out verbatim in contemporary Western sch@ohve, 1990, p. 311). Why is
apprenticeship learning exemplary? One exampleszasenhanced motivation that
results from learning in contextually meaningfutations. Lave (1990) contests that
85% of apprentices become masters, and that wieesipbrentices do resign the
reasons are usually extraneous.

Ownership of the problem is an integral part ofrapficeship learning (Lave,
1990). The master does not present a hypothetioblgm and ask the apprentice to
solve it; rather the apprentice naturally encounézarch problem and is motivated to
solve each in the given situation (Lave, 1990). ®epfices are motivated to solve
problems because the problems, once they aristhareown. In other words, the
problems have been made personally relevant. Ireaipeship learning, the learner
is presented with numerous and varied opportuniti@sdependently practice and
solve relevant problems (Lave, 1990). After a pgobobservation, apprentices
experiment until they can create a close approxanatnd then they practice (Lave,
1990). The current research project allowed childrethe museum to experiment
with presumably relevant problems, however, theglsinisit limited the children’s
ability to practice and experiment numerous times.

Contrary to apprenticeship learning (and handssaming), in a typical

educational environment, children do not rely centiselves to creatively identify a
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solution or discover a procedure (Lave, 1990). i@®eand math are often explained
as “what experts know”—devoid of scientific inqupyocesses (Lave, 1990).
Education should allow children to assign meanmgadncepts and critically analyze
relationships between concepts; this enables leguinirelation to one’s own life and
gives value to the subject at hand. Museums cablefearning in relation to one’s
own life and give value to the topic by providinghéits that are designed to elicit
culturally and personally relevant connections.rbe®y which is embedded within
activity employs both physical and social contexid helps to deepen understanding,
the activities give meaning and purpose to forndaication (Brown et al., 1989; see
also Falk & Dierking, 1992; Lave, 1990). Museums sapplement formal education
by providing a variety of interactive experiencebgere children can actively
participate, identify their own questions, and npaiate portions of the exhibit to
solve those questions. Once children view themsedgeactive in the appropriation of
knowledge, they are more likely to pursue new imfation, thus entering a world of
self-directed, sustainable knowledge (Lave, 1990).
A Constructivist Vygotskianism? Combining Constuin and Contextual
Socioculturalism.

Due to the similarities in conceptual views amorggststructivists and
contextualists, it is not surprising that the tlwedretical viewpoints often cross

boundaries. Some researchers are even advocdimogstructivist Vygotskian
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conception” (Hatano, 1993, p. 156). Hatano (1998)mes four core assumptions
necessary to achieve this conception:

1) Learners are active throughout life, they activetplore and interact with
objects and with others.

2) Learners seek to understand and are able to gaitkmewledge through
relevant prior knowledge.

3) Learning occurs in both horizontal and verticaligbimteractions.

4) Knowledge construction is enhanced through multip®urces; bits of
orthogonal information are eventually juxtaposedreate further conceptual
understanding.

Children’s personal experiences that lead to eitbafirming or disconfirming
information serve to enhance their ability to shegpermation into conceptual
understanding (Hatano, 1993). The type of reseldathno deems constructivist
Vygotskianism is exemplified by the work of Moll@hVhitmore (1993) and Cobb,
Wood, and Yackel (1993)

Moll and Whitmore (1993) conducted a classroom sasegy aimed at
teaching practices that incorporated cultural aales transaction in teaching and
learning. The authors believe that semiotic andesaderactions mediate the
construction of meaning (Moll & Whitmore, 1993).d hctive child appropriates
these mediation techniques through cultural andhkoteractions, these mediation

techniques in turn influence the child’s meaningimg in future learning experiences
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(Moll & Whitmore, 1993). Moll and Whitmore discowet that employing authentic
and relevant tasks and materials facilitated tinesaningful interactions in the
classroom and was highly conducive to learning.

In a research study conducted with “constructivViggotskian” practices in
second grade mathematics classrooms, Cobb, é08I3) explicitly viewed learning
as actively constructed in the face of experielytishsed problems. The researchers
and teachers focused on the importance of commtimmcand social interactions in
children making meaning of mathematics and alsad&eopredetermined “correct”
reasoning and approaches to obtain answers (Caih £993). Therefore, the
children were free to reason amongst themselveslar@imine differential
approaches to the mathematic questions. The teaodestudents together ascertained
mathematical justifications and explanations. Ttien reformulated these
explanations in ways that were compatible with lbthstudents and socially
acknowledged mathematical practices (Cobb et @03l Quantitative results
indicated that participating students’ scores ditidiffer from non-participating
students’ scores on computational measures andsigréicantly higher on the
concepts and application portion of a state tesbfCet al., 1993).

The above examples of constructivist Vygotskianisous on the child as the
unit of analysis. However, the researchers incaiaor contextually relevant learning
environments via Vygotsky’s sociocultural perspestit is easy to see how the

combination of these two theoretical approacheseamsed in the study of museum
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learning. As one researcher said, “...as museunowssihteract with museum
collections, they construct personal and socialmmgg which are unique to their
individual characteristics and cultural backgrodrndensen, 1994, p. 301).
Apprenticeship learning, or situated cognitionpagproaches learning through a
sociocultural perspective, however, the focus anigg knowledge from doing and
learning in the field is more radical than the othpproaches mentioned above.

Theories such as constructivism, contextualismsmatbculturalism, and
apprenticeship learning all highlight why interaetmuseums should provide an
excellent atmosphere conducive to learning. Thieseries do not, however, explain
how a museum visit could encourage conceptual eharwerefore, a simple
explanation of conceptual change theory is nece$salucidate how an interactive
museum is an exemplary setting for conceptual chémgccur.
Theory of Conceptual Change

Mentally represented structures can be definedasepts, beliefs, and theory
(Carey, 1991). People hold representations of daglding from single concepts into
beliefs and possibly, later, into theories abouhdims of experiences or knowledge.
Conceptual change can occur during knowledge aitignisn several ways: core and
peripheral concepts can be switched around (whathanks is the defining
characteristic of a concept can become a propédynwore fundamental
characteristic), concepts can become integratedanger categories or delineated

within categories, and concepts can be organizédmseparate defining theories
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(Carey, 1991). Personal constructivists refer it® pinocess as the deconstruction of
misconceptions and reconstruction of valid conoasti Cobern, 1993). The
deconstruction and reconstruction necessary foceqmnal change is a gradual
transformative process that requires time (Possteke, Hewson, & Gertzog, 1982).
Conceptual change in science education occurs wheipersonally realizes that
science conceptions are more intelligible and neaisie than one’s own previously
held conceptions (Cobern, 1993). The latter twavgiare similar to Piaget’s
assimilation, accommodation, and equilibration noer@d above, in fact this
terminology is used by some conceptual change igtsgsee Posner et al., 1982).

In an interactive museum setting, concepts preWdusd by students and
introduced within the classroom are expected texperienced in context. Children,
through questioning, manipulation, and discussstwould therefore have the opportunity
for personal conceptual change. For example, @nldnay switch their understandings
of core and peripheral concepts, integrate concdptmeate concepts, or add new
concepts to pre-existing understandings due to theher, hands-on exploration of a
phenomenon. It was uncertain whether the singlexppity to visit a science museum
proposed for this study would be sufficient for ceptual change to take place. However,
if conceptual change did occur, it was thought thabuld be easily identified through

concept mapping, the qualitative method descrihetktail below.
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Purpose of the Present Study
The purpose of the present study was to evalbatenipact of an interactive
museum visit to OMSI for African American childrélom a low-socioeconomic
neighborhood on enhancing school learning and impgaattitudes toward science.

Several factors were taken into account:

Level of Engagement while interacting with the dxts.

* Number of Previous Visits to a science museum (sisc®MSI) in the past
two years (novelty).

» Student’s Prior Knowledge (current science grade).

» Child’'s perception of Peers’ Attitudes toward scien

» Child’'s perception of Home Support.

Child’s perception of exhibit Relevance.

Data were collected from three classes at Inngr @itldle School. Participants from
ethnic backgrounds other than African Americanronf middle- to high-SES homes
were not included in the data analyses. A mixedaoag design was employed,
seeking convergence of qualitative and quantitatie¢hods for assessing cognitive

learning and allowing for a more in-depth underdiag of attitudinal measures.

" Name has been changed to protect the anonymityeqgfarticipating school and students.
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Hypotheses
Hypothesis 1. Content Knowledge Scores were exgdotacrease significantly
from Pre- to Post-Museum Visit when averaging ga@ssible modifying
variables. The following interactions were examined
A. A significant interaction was expected betweenfys{-Museum

Visit and the level of Engagement while at the brkion Content
Knowledge Scores. Specifically, children who extatiHigh
Engagement at the museum exhibits were expectdelnbonstrate
higher gains on Content Knowledge Scores, whil&lodm who
exhibited Low Engagement were expected to demdeditte or
no gains in Content Knowledge Scores (see Figure 3)

Figure 3Expected Interaction between Pre/Post-Museum it

Engagement on Content Knowledge Scores
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B. A significant interaction was expected betweenmRrs{-Museum

Visit and Previous Visits to a science center ont€ot Knowledge
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Scores. Specifically, children who had experienoede than one
Previous Visit to a science center were expectekperience
higher gains in Content Knowledge Scores (see
Figure 4).

Figure 4Expected Interaction between Pre/Post-Museum ¥igitPrevious

Visits on Content Knowledge Scores
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C. A significant interaction was expected betweenRrsf-Museum
Visit and children’s Prior Knowledge on Content Kvledge
Scores. Specifically, children with Low to moderRi@or
Knowledge were expected to show larger gains int€un

Knowledge Scores (see Figure 5).
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Figure 5Expected Interaction between Pre/Post-Museum ¥iit Prior

Knowledge on Content Knowledge Scores
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D. An exploratory analysis was conducted to discoveetiver an
interaction occurred between Pre/Post-Museum ¥isit children’s
level of Home Support on Content Knowledge Scdresjever, no
specific hypotheses were made.

Hypothesis 2. It was hypothesized that Concept Bleqres would increase
significantly from Pre- to Post-Museum Visit whereeaging over possible
modifying variables. Changes to concept maps irecl{@) number of
propositions (labeled connections between two quisge(b) number of
examples provided; and (c) number of cross-linksctvare indicative of
knowledge integration. The aforementioned map cesngere added together
to create an overall Concept Map Score for eaciviohehl. The following

interactions were examined:
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A. A significant interaction was expected betweenfys{-Museum

Visit and level of Engagement while at the exhibitisConcept
Map Scores. Specifically, children who exhibitedjiEngagement
at the museum exhibits were expected to demongjratger gains
in Concept Map Scores, while children who exhibiteav
Engagement were expected to demonstrate littl® tmonceptual

gains (see Figure 6).

Figure 6Expected Interaction between Pre/Post-Museum it

Engagement on Concept Map Scores
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B, C, and D. The interactions between Pre/Post-Mus¥isit and

Previous Visits, Prior Knowledge, and Home SupparConcept
Map Scores (hypotheses B, C, and D, respectivetyg all
expected to be non-significant because concept @r@pspen-
ended, thus allowing for all individuals (regardied Previous

Visits, Prior Knowledge, or Home Support) to makegonal
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changes to their concept maps (see Figures 7d8,an
respectively).
Figure 7Expected Interaction between Pre/Post-Museum Visit

and Previous Visits on Concept Map Scores
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Figure 8Expected Interaction between Pre/Post-Museum Visit

and Prior Knowledge on Concept Map Scores
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Figure 9Expected Interaction between Pre/Post-Museum Visit

and Home Support on Concept Map Scores
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Concept maps may be able to reveal whether theunusesit has made the topic
more relevant to the students. For example, idcéil view the topic as more relevant
then they may include themselves, or people theykim their post—-museum visit
concept maps. Consequently, personal referencasicept maps were tallied and
examined.

Hypothesis 3Differences were not thought to be strong enougésfiuse
specific hypotheses regarding changes in studéttifide Toward Science
Scores from Pre- to Post-Museum Visit. Howevegrattions were expected
to yield strong results:

A. A significant interaction was expected betweee/IPost-Museum
Visit and level of Engagement while at the exhibitsAttitude
Toward Science Scores. Specifically, children wkiloil@ted High

Engagement were expected to experience the highest in
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Attitudes Toward Science Scores, while children wRkbibited
Low Engagement were expected to show the leass gaiAttitude
Toward Science Scores (see Figure 10).

Figure 10Expected Interaction between Pre/Post-Museum \Afnsit

Engagement on Attitude Toward Science Scores
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B. An exploratory analysis was performed to discoveether an
interaction occurred between Pre/Post-Museum ¥t children’s
Previous Visits to a science center on Attitude &mhScience
Scores, however, no specific hypotheses were made.

C. An exploratory analysis was also conducted to discavhether an
interaction occurred between Pre/Post-Museum ¥t children’s
perception of Peers’ Attitudes toward science diitte Toward
Science Scores, however, no specific hypotheses mvade.

Hypothesis 4. It was predicted that Attitude Towaedget Topic (acids and

bases) Scores would improve significantly from RoePost-Museum Visit
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when averaging over possible modifying variabldse Tollowing interactions
were examined:
A. A significant interaction was expected betweenfys{-Museum
Visit and level of Engagement while at the exhibitsAttitude
Toward Target Topic Scores. Specifically, childvemo exhibited
High Engagementere expected to experience the highest gains in
Attitudes Toward Target Topic Scores, while childveho exhibited
Low Engagement were expected to show the leass gaiAttitudes
Toward Target Topic Scores (see Figure 11).
Figure 11Expected Interaction between Pre/Post-Museum ¥isit

Engagement on Attitude Toward Target Topic Scores
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B. An exploratory analysis was conducted to discoveetiver an
interaction occurred between Pre/Post-Museum ¥t children’s
Previous Visits to a science center on Attitude &mvTarget Topic

Scores, however, no specific hypotheses were made.
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C. An exploratory analysis was also performed to discavhether an
interaction occurred between Pre/Post-Museum ¥isit children’s
perception of Peers’ Attitudes toward science diitte Toward
Target Topic Scores, however, no specific hypothesse made.

The researcher also evaluated children’s qualéaiswers to questions regarding
favored exhibits and exhibit relevance.

Hypothesis 5. Children who claimed higher levelgxifibit Relevance in their
qualitative answers or included themselves or petEy know in their
concept maps about acids and bases were expeahdwohigher gains in
Pre- to Post-Museum Visit on Content Knowledge 8s¢A), Concept
Mapping Scores (B), Attitudes Toward Science Sc{@@sand Attitude
Toward Target Topic Scores (D) (see Figures 12143and 15, respectively).
Figure 12Expected Interaction between Pre/Post-Museum ¥isit

Relevance on Content Knowledge Scores

¢ High Relevance

= H L ow Relevance

CK scores
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Figure 13Expected Interaction between Pre/Post-Museum Visit

and Relevance on Concept Maps Scores
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Figure 14Expected Interaction between Pre/Post-Museum ¥isit
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Figure 15Expected Interaction between Pre/Post-Museum ¥isit

Relevance on Attitude Toward Target Topic Scores
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Method
Participants

Participants were recruited from three seventhgdasses at Inner City
Middle School (ICMS). Inner City Middle School students are predomine#dtican
American, the majority of which are from low-incorfanilies. There are no
indicators that ICMS is vastly different from ther®unding schools with similar
populations. For example, 73% of children attend®®IS participate in the Federal
Child Nutrition (FCN) program (a measure of SES) &% are African American
(Oregon Department of Education, 2002a; Portlartdi®&chools, 2003). The
Oregon Department of Education Statewide AssessResitlts in Science (2002b)
data show that only 42% of ICMS students met theddrds. Comparative schools
include Urban Middle SchooWwith 74% of students participating in the FCN piang,
40.5% African American students, and only 30% aflehts who met the standards in
2002 and City Heights Middle Schoalvhich has 81% of its students participating in
the FCN program and 44% African American studestsl, in 2002, only 21% of City
Heights’ students met standards (Oregon Departofdducation, 2002a, 2002b;
Portland Public Schools, 2003). Therefore, ICMS Itessn chosen to represent this
population in the Portland area. Participants vodiered a free classroom field trip to
the Oregon Museum of Science and Industry (OMSIewoled by OMSI. A middle

school population was chosen for this study foesawreasons: (a) middle school

" Names have been changed to protect the anonyifriite schools and student bodies referenced.
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children have not had high exposure to a largegtam of the science and industry
information covered by OMSI; (b) new topics covenmedhe classroom could be
aligned with the science and industry topics coddrg OMSI; and (c) a middle
school sample included the age group for whicmdtace to the after-school
programs provided by OMSI typically begins to deel{for instance, OMSI Boys and
Girls Science Club records from 2002—-2003 inditl#é¢ 203 children from the 6-11-
year-old age group participated, while only 17 @tah from the 12-17-year-old age
group participated).

The three classrooms consisted of 64 students vene ivited to attend the
field trip and participate in the study. Two stutsedid not turn in their informed
consent/permission slip forms. One student attetiedield trip but did not assent to
participate in the data collection. Three studergse absent on the day of the field
trip. Students who were not African American or dat participate in the
free/reduced lunch program were included in thiel fiep and data collection, but the
data provided by those 16 students were not indini¢he analyses. Therefore, the
available data set contained the responses odl2ists. Furthermore, 15 students
were unable to provide all of the necessary dgadally because those students were
absent during one or more days of data collectiorthe end, there were 27 complete
data cases. The average age for both the avadaldeset and the complete data set

participants was thirteen. Of the 27 participabhtsyvere male and 13 were female.
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Letter of Consent

The letter of consent was sent home with studessart of the field trip
participation form. The letter explained to aditat their child’s science teacher at
Inner City and OMSI were working together with atRnd State University (PSU)
graduate student to evaluate the effectivenesshafas field trips to OMSI in
deepening the understanding of concepts coverttbinlassroom and increasing
interest in science. Adults were informed thatipge&tion in the field trip was not
contingent on their child’s participation in thedy; however, their child’s
participation would help to determine whether sfield trips continue.
See Appendix A.

Informed Assent

Assent was gained from each child individually. TiMfermed assent dialogue
was read out loud to the entire class and then datthwent into the hallway to hear
the dialogue once again, talk one-on-one with ésearcher, and give their assent or
dissent to participate in the study. The informsseat dialogue was designed to give
students an idea about what a study is, what gaation in the study would entail,
and the voluntary nature of participation. See Aylpe B for the full dialogue.

Experimental Design

The study employed a within-subjects design. Alldtken completed pretests,

attended the museum, and completed posttests. ifthi@ subjects design was

expected to increase power (over the control gaomgign) by combining all classes
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(i.e., for a matched sample t test) rather thanpaoing classes and dividing the power
in half. Each possible threat to validity in a viftlsubjects design was considered:

» History is considered a threat when somethinghibapens on a
grander scale affects participants’ knowledge betwge- and
posttests (Cook & Campbell, 1979). Generally, mst@as not thought
to be a threat to the present study because @risunlikely that an
event occurred in the short amount of time betwesting periods that
affected the specified age group. However, thearebewas conducted
under a particular set of circumstances (i.e.y @bacept map training,
researcher visits to the classroom, and even theithe), which may
have affected the research in ways that are imiples statistically
disentangle.

* Maturation is considered a threat when the chamgpse- and posttests
can be attributed to normal changes that occur tivith (Cook &
Campbell, 1979). Maturation was not thought to bleraat to the
present study because very little time elapsed dxtviesting periods.

* Instrumentation is considered a threat when legranmcueing due to
the pretest affects scores on the posttest (CoGa&pbell, 1979). As
with history effects, instrumentation effects mayé affected the

research in ways that are impossible to stati$yiceéentangle.
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The aforementioned threats to validity were take#o consideration while conducting
the research and precautions were taken to trydoce the likelihood that validity
would be compromised. These threats to validityravesited in the discussion section
below.

Price and Hein (1991) illuminate the need for véineethods when conducting
research in informal settings, stating that prognaftlnences are extremely complex,
and the many outcomes considered effective vatyinvegach program. The researcher
acknowledges the complexity of informal learningl éimerefore employed a mixed-
methods approach to hopefully expand the understgrad informal learning gained
through this research. Qualitative and quantitati@ were collected concurrently in
an effort to triangulate findings. Triangulationt&ifs the collection of two different
types of data to obtain independent estimates,iwtan confirm findings (Bamberger,
2003). Specifically, the weaknesses of content kedge testing were offset by the
strengths of concept mapping, and two separatedgtguestionnaires were used to
help reach deeper understanding (Cresswell, 2003).

Several statistical analyses were conducted. Aaalygere performed on four
dependent variables and seven independent varidbtegariable descriptions see
Figure 16 at the end of thestrumentssection below). Four main effects and eighteen
interactions were hypothesized and examined. Giversmall sample size, separate
repeated measures ANOVAs were conducted for egobthgsized interaction thus

allowing for greater cell sizes and meaningful datalysis and interpretation.
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Instruments
Dependent Measures

Content Knowledge Testing.

Paper-and-pencil multiple choice and true/false¢@arknowledge tests were
administered. Comparable questions were develapaaré/post-content knowledge
tests. See Appendices C and E for instrumentsiltessores for content knowledge
tests ranged from 0 to 10 (refer to Appendices @ Rifor the scoring key). Actual
scores on the pre-visit content knowledge testedrigpm 1 to 7, while actual scores
on the post-visit content knowledge test rangenhfiioto 10.

It is important to note that some previous visgtudies have found content
knowledge tests to poorly assess a child’s learfimmg a museum experience, since
each child incorporates a different set of concepiite at the museum (Bitgood,
1989; Hein, 1998; Meredith et al., 1997; Price &tjd991). Concepts deemed
important by schools or researchers may be retatedrts of the exhibit a child does
not spend time with or try to fully understand. @ersely, a child may notice part of
an exhibit that challenges a preconceived notidd by the child and therefore
change his/her concept map (described below) amghyd Many changes in a child’s
understanding may not be predetermined by resaarehneé, consequently, may go
unrecognized with content knowledge tests. Theegfomncept mapping was also

used to determine conceptual changes that occaftedthe museum visit.
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Concept Mapping.

Concept mapping was used to assess conceptuaedtesmrning after the
museum visit. Concept mapping recognizes inteioglahips between concepts and
propositions that are left unacknowledged throughep-and-pencil tests (Novak,
1993). Concept mapping is similar to brainstorminghat subjects begin with a
general term, e.g., chemistry, and draw lines ftoimterm to self-added concepts to
create a map of concepts they consider relatdaketoriginal term. “If new
experiences provide a basis for meaningful learmiegv concepts are added to an
individual’'s concept map or new relationships bee@wident between previous
concepts” (Novak, 1993, p. 180). Post-concept ncapsbe compared to prior maps
and evaluated for changes within the individuaésspnal map. Concept mapping was
a useful tool for this study because it allowedhegauth to incorporate different
concepts from their visit, while still allowing tliesearcher to compare the results.

Children were given a brief lesson on concept mapphppendix G), and the
researcher completed an unrelated concept mapedsotrd with each classroom.
Children created their first concept maps direafter the lesson, while the researcher
provided suggestions and encouragement. The teadbeg with the researcher, then
used concept mapping in the classroom on two axditioccasions to allow children
an opportunity to become comfortable with the mdtl®@nce the teacher finished
lecturing on the target topic, all children comptkt pre-visit concept map on acids

and bases. After the class visit to OMSI, eachdatoimpleted a post-visit concept
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map on the same topic. Maps were evaluated toifgevitether there were changes in
concept map scores from pre- to post-Museum \8sk the detailed scoring
section below).

There are a variety of methods used for adminisgesind scoring concept
maps (for a review see Ruiz-Primo & Shavelson, 1986ncept maps can be
arranged hierarchically or in an interrelationalw@k, depending on the teacher’s or
researcher’s preferred organizational approacthdin review, Ruiz-Primo and
Shavelson (1996) suggest scoring can focus ongéesaispect, all aspects, or any
combination of the following: propositions (numbaccuracy, cross-links), hierarchy
levels, and examples. Novak and Gowin’s (1984)isganethod, or a variation on
their approach, is the most commonly used (Ruim®@@& Shavelson, 1996), and the
relational method proposed by McClure has been showffer the highest validity
and reliability (McClure, Sonak, & Suen, 1999).lEdoussouri, and Coulson
describe Personal Meaning Mapping (a variationooicept mapping) as a tool for
measuring changes in learning via the extent, ltineaepth, and mastery of
understanding (1998). For Falk and his colleagaésnot the “correct” answers that
are compared, but each person’s change in unddnstpacross four semi-
independent dimensions:

» Extent: change in quantity and appropriatenes®océbulary used.
* Breadth: change in the quantity of appropriate ephase.

* Depth: change in complexity and detail of concejptmalerstanding.
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* Mastery: change in overall ease in articulatingrthederstanding (an
objective judgment made by the researcher) (Fadit. £1998).
The above information was carefully considered teettetermining the method by
which to score the concept maps.

In the context of this study concept maps wereextosing a modification of
the scoring method proposed by Novak and Gowin4),98hile heeding the assertion
by Falk and his colleagues that the focus shouldrbehanges in personal
understanding rather than on correct answers (1888)s were not assessed for
hierarchical structure because students were afi@ighoice between hierarchical and
interrelation network organization of concept mapgroposition is the combination
of two concepts and a labeled line. One point weerded for each proposition and
for each example, both of which reflect the extd#rknowledge regarding the central
topic. Children were awarded 10 points for eaclssnk (inner connections between
the self-added concepts), which reflect higher-okt®wledge integration.
Proposition, example, and cross-link scores wede@dogether to obtain cumulative
concept map scores (Novak & Gowin, 1984) and psg/poncept map scores were
evaluated to identify whether conceptual understanaias enhanced or learning
occurred after the museum visit.

Inter-rater agreement between two raters for Candeypping Scores was
assessed on 25% of the maps. Scores were constddredn agreement if they were

within one point of each other. Inter-rater agreenveas 89%. All maps were then
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co-rated by the two raters to allow for any disampes to be discussed. Possible
concept map scores could range from 0 to infiigtual concept map scores covered
broad ranges: the lowest pre-visit map score washBe the highest pre-visit map
score was 159the lowest post-visit map score was 6, whilehtuyhest post-visit map
score was 142.

Content Knowledge Scores and Concept Map Scores agsessed for inter-
correlations between the two measures. The Spearareglation between Content
Knowledge Scores and Concept Mapping Scores wasreddst and .05 posttest. The
low inter-correlations indicate that the two sepa@tcome measures of knowledge
and understanding were non-redundant and warranted.

Attitude Toward Science Questionnaire.

This research adopted two attitude toward sciguestionnaires, one that was
a combination of two previously employed measuve#y originally designed to use
with low-income, African American samples, and ¢m&t was originally developed
for use in a combined school/interactive museurtinggtvith a fairly diverse subject
pool. The two questionnaires were then combineztdate a single Attitude Toward
Science questionnaire. See Appendix H.

e The first survey was constructed using some guesfiom (a) a research
study that looked at attitudes toward science mdge grade level (third

through fifth), and race (Slate & Jones, 1998), d)dn evaluation of

! The maximum scores reported here were outliersemdved prior to data analysis; the maximum
scores used in the concept mapping analyses wdretBJre- and post-Museum Visit.



Enhancing Conceptual 70

standards-based teaching techniques for urbargakfdmerican middle
school students in science (Kahle, Meece, & Schantlg 1999). The first
survey consists of five questions, scored on apaumt scale ranging from
“strongly agree” to “strongly disagree.” This suyweas used in its entirety.
The second survey consists of four items, scored fore-point scale
ranging from “strongly agree” to “strongly disagre€hree of the four items
were added to the end of the first survey and ¢théesvas adjusted to
resemble that of the first survey (it was admimitieon a four-point scale).
In the context of this study, the coefficient alpfar this measure was .84
pre-visit and .78 post-visit.

« The second survey was originally developed foringbe evaluation of an
informal, extracurricular science program (Parialet1998). The attitude
interest scale consists of 16 items, which wertapekd into 11 items. The
five items were removed either due to redundanajuerto unrelated
content. The items are scored on a five-point scateging from “it's
boring” to “it's awesome.” While piloting this mea® with an eighth grade
classroom at the same school, the youth helpegintord the item responses
in a manner that was more clear and relevant totAée final survey scale
ranged from “it's weak” to “it’s tight.” In the cuent study, the coefficient

alpha for this measure was .74 pre-visit and . B1-pisit.

2 Coefficient alphas for all scales were conductgidgithe available data set (n = 27-42).
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The possible range for the entire scale was 19 tdn8the context of this
research, the entire scale pre-visit range wasd®t@86 and 73, and the post-visit
range was between 42 and 75; the coefficient diphthe combined questionnaire
was .85 for both pre- and post-visit.

Attitude Toward Target Topic Questionnaire.

The Attitude Toward Target Topic survey was alsaped from the
previously mentioned evaluation of an informal,ragtirricular science program
(Paris et al., 1998). The original instrument, ¢bhericulum interest scale, consisted of
16 items. This measure was adapted to relate tfhe chosen for this research
study, acids and bases. Several of the items vadliagpsed into single items in order to
shorten the scale and the wording was alteredtmdttesting (cf. the Attitude
Toward Science scale described above). The fimakgwconsisted of eight questions
scored on a five-point scale ranging from “it's Weéto “it’s tight.” See Appendix .
Possible scores on the questionnaire ranged frtom8. Actual pre-visit scores
ranged from 19 to 39 and post-visit scores rangad R0 to 40. The coefficient alpha
for the current study was .81 pre-visit and .76{ost.

Independent Measures

Level of Engagement.

A chaperone recorded each child’s level of Engagemvaile at the three
target exhibits. A separate engagement level ratiag) collected for 25% of the

students in order to obtain inter-rater agreemBmerefore, each student was rated by
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a single chaperone, and, for 25% of the studergscand rating was collected in
order to determine inter-rater agreement. In elles chaperones and two agreement
raters recorded level of engagement. Chaperoned batween three and four students
per field trip. Chaperones and agreement raters gigen a brief observation sheet
that provided rating space by exhibit and childretheir group, ratings ranged from

1 = low engagement, 2 = moderate—low engagementn8derate—high engagement,
and 4 = high engagement. See Appendix J for thpezbae training dialogue and
Appendix K for the chaperone observation sheetld@dm’s engagement levels at the
three exhibits were then averaged to form a siagégage Engagement level variable.
Engagement level was then computed into a two-leashble using a median split

(4 = High Engagement and anything less than 4 = Eagiagement). Inter-rater
agreement between chaperones and agreement raketewy 64%, when comparing
ratings on initial four-level engagement ratingewiever, when comparing ratings
after Engagement level was computed into a twotleaeable (i.e., High and Low
Engagement), inter-rater agreement rose to 82%llfzirchaperones and agreement
raters were asked to record any comments regactiifdyen’s level of engagement

that they felt were noteworthy and would help wtib interpretation of the data.

3 All median splits (Engagement, Previous VisitseiP&ttitude, and Home Support) were calculated
using the available data set—thus gaining a mgreeeentative split than if the calculations were
performed on the smallecomplete data set (see Figure 16 for the numbstudents from the
complete data set that fell above the availabla dat medians).
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Participant Information Form.

The researcher prepared a self-report instrunoenibtain background

information on each participant. See Appendix Lcigaound information included:

Number of previous visits to a science museum (ssc®MSI) in the past two
years. Previous Visits was computed into a twoilgaeable using a median
split (> 1 = Many visits and k= Few visits),

Child’s perception of peers’ attitudes toward scerlrhis was assessed via a
short measure consisting of five items previouslgdiin research with low-
SES, African American middle-school students (Katlal., 1999). The five
items are scored on a five-point scale ranging fforare than once a week” to
“less than once a month.” In the context of thiglgt scores ranged from 5 to
21 and the coefficient alpha was .77. Peer Attitwde computed into a two-
level variable using a median split &= High Peer Attitude and < 9 = Low
Peer Attitude).

Home support for science (or any other subjecthieg, which was measured
using a home support scale originally developediger with low-income,
African American youth (Kahle et al., 1999). Thert@support scale consists
of four questions, scored on a five-point scaleynag from “more than once a
week” to “less than once a month.” In the curréndyg, scores ranged from

4 to 20 and the coefficient alpha was .87. HomepSrtpvas also computed
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into a two-level variable using a median splitl®= High Home Support

and < 10 = Low Home Support).

Prior Knowledge.

Prior knowledge was measured using students’ cus@ance grade. This
variable was divided into two levels—high (A, B)dalow (C, D, F)—(see Figure 16).
The teacher provided information regarding studentsent science grades. It is
important to acknowledge the overlap in definititmetween Prior Knowledge and
Relevance (i.e., prior experience is a componebbti definitions). However, in the
context of this study, the two variables shouldlm®tonflated because each was
measured in a manner distinct from the other—Rmywledge was measured as the
students’ current science grade, while Relevancemeaasured as something the
students had at home, had seen or done beforeatowas meaningful to them
(see below).

Qualitative Preference and Relevance Questionnaire.

Several open-ended qualitative questions were dpedlin order to assess
preference and Relevance of each exhibit to tHdreim. The wording of each
guestion was discussed with the students’ teaeneérrevisions were made in
accordance with the teacher’s feedback. Questegerding specific exhibits
followed a digital picture of that exhibit. This egtionnaire was administered post-

visit only. See Appendix M.
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Figure 16Summary of Research Design Variables

Dependent variables Independent variables
Variable Collection | Possible | Actual Variable Collection | Levels | N
name time range range name time
Pre/Post
Content Pre/Post 1-10 1-7/ Class Period Pre "5 10
Knowledge 1-10 6" 9
Score 7" 8
Concept Pre/Post 0= 3-159/ Engagement During High | 18
Mapping 6-142 Low 9
Score
Attitude Pre/Post 19--87 36-—73/| Previous Pre Many | 18
Toward 42-—-75 Visits Few 9
Science
Score
Attitude Pre/Post 8--40 19-39/ | Prior Pre High |9
Toward 20-40 Knowledge (A,B) |18
Target Low
Topic (C, D,
Score F)
Home Pre High |11
Support Low 16
Peer Attitude | Pre High | 10
Low 17
Relevance Post Somg 21
None | 6

" The maximum concept mapping scores reported here autliers and removed prior to data analysis;
the maximum scores used in the concept mappingsaslvere 93 both pre- and post-Museum Visit.
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Procedure

Several science teachers at Inner City Middle Skcivece invited to
participate with their classes. The administragod teachers were given a brief
summary of the research project, benefits to tlasses, and expenditures expected
of them (number of meetings, lecture coordinattap,to OMSI to choose exhibit(s),
classroom time for measures, and two hours for &alchtrip). To allow each child to
enter with a basic knowledge of the material exgdiby the exhibit, classroom
lectures were coordinated with the exhibit then@@sgen the time required of
participating teachers, only one seventh gradeneragas able to participate, along
with her three seventh grade classes. The reseamtdeacher chose the exhibit hall
that coincided with the classroom-coordinated lesgtwuring the period of the study
(the Chemistry Lab). The OMSI exhibits were usecketoforce the knowledge
obtained in the classroom. It is understood infigsld of museum studies that
information is of greater interest and more easignprehended if visitors have some
prior experience with the content covered by theilak

The researcher met with the students in the begystages of the project in
order to become acquainted and to allow childregetaused to her presence. After
concept mapping was explained and practiced, gseareher explained the project
and sent children home with the informed consedtfeedd trip participation form.
After gaining informed consent, each child was @ibdut the study and given an

opportunity to assent to participation. The Atteuboward Science measure and the
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Personal Information form were administered two kggarior to the museum visit.
The classroom science teacher covered the chogendiaring the week prior to the
museum visit. The following Tuesday, the researeaeninistered the pre-Museum
Visit conceptual measures (Concept Mapping and €uariinowledge test) and the
Attitude Toward Target Topic questionnaire followsgthe field trip orientation.
Orientation included a digital slideshow of OMSidide and out) and specific shots of
the target exhibits (exhibits are described initdbtow). While each target exhibit
slide was shown, children were asked to write dexuat they predicted would
happen. The purpose of prediction was to encowht@ren’s own interests and
guestioning while at each exhibit. During orierdgatieach student was given a map of
OMSI. The following day, Wednesday, children attema field trip to OMSI
(described in detail below). Chaperones observeitgmnts and recorded their level
of engagement while at the target exhibits. The day, the researcher administered
the battery of post-visit measures. Finally, ord&yi, those who were absent the
previous day filled out their post-visit measurad ¢he researcher threw a small party
to thank the students for their participation (iahips, cupcakes, juice). Refer to
Appendix N for an overview of procedures.
Field trips

In designing the field trip, many concerns wereradsed. Due to the array of
research that has been conducted regarding fipkltty informal learning centers,

especially to museums, the precautions taken mngig this field trip are discussed.
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To reduce novelty and orient students, childrerevggven a pre-visit orientation
(Balling & Falk, 1980; Falk & Balling, 1982). Théfects of pre-visit orientation have
been empirically proven across all socioecononatustgroups and even in other
countries, such as India (Falk, 1983a). Childrerevigformed about the amount of
time they would spend in the related hall (i.e.e@istry Lab), the amount of free time
they would have in the museum, and the allotte@ imthe gift shop. Children were
also informed about what they would have for luaod where they would eat lunch.

The museum visit was integrated with classroomcgpihe list of suggestions
by Price and Hein (1991) were closely followed bg tesearcher in planning the
museum Vvisit:

» Divide students into small working groups and emaga teamwork (the youth
were divided into teacher-assigned groups of tbrdeur students
accompanied by an adult).

* Include teachers in visit preparation (the teachese the target exhibit hall
and aided in choosing the target exhibits).

» Consist of three or more visits (unfortunately,ding did not allow for more
than one visit, this is a limitation to this study)

» Last about two hours (participating classes’ museisits lasted
approximately an hour and a half total).

* Be well planned—Ieaving time to answer questiors @omote

conversations.
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» Offer a variety of activities (exploration time,rdenstration time, rest time).
* Not employ worksheets while at the museum.
* Begin with exploration/hands-on/observation timd &ilow with concept and
vocabulary instruction (that is, beginning withtimugstion and following with
exploration does not work as well).
Exhibits

Three exhibits were chosen for this study. Thelaihare housed in the
Chemistry Lab at OMSI. Each of the three exhibitgered the target topic, acids and
bases. The information covered by each exhibitdi@stly related to the information
covered in the acids and bases chapter of therehikitextbook. The first exhibit,
Forwards and Backwardsllowed children to experiment with the revensipiof
acids and bases. The second exhiMstiural Indicators encouraged children to
experiment with a variety of everyday plants that be used to test the pH of a
solution. The third exhibifReaction, Yes or Noallowed children to observe three
effects due to a chemical reaction (phenol red wgasl as an indicator in this
experiment)—heat, color change, and productiorast gefer to figures of exhibits in
Appendix M.
Data Reduction

Missing Data.

Given the applied setting for data collection, sitig data were expected. The

variables containing the most missing data were &vd Post-Concept Map Scores,
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each missing 19% (8/42) of the cases. The variataetaining the least missing data
were Pre- and Post-Attitude Toward Target Topicr&sand Post-Content
Knowledge Scores, all of which were missing 10%424/f the cases. Two methods
were used to determine how to handle missing datamplete cases data set was
created and analyzed (n = 27); and a mean impw@idseét was created and analyzed
(n =42). The results of these two data sets stigde® substantive differences from
the available data set (n = 27-42 per analysigréfbre, analyses from the complete
cases data set (n = 27) are reported to ensuresthdts reflect the actual data while
maintaining a consistent sample size throughoutedbelts section.

Median Splits.

Median splits allowed the researcher to condenda-havel variables into
two-level variables (a practical approach whenymag small data sets). As
previously mentioned, Engagement, Previous Vigiteyr Knowledge, and Home
Support were each divided into dichotomous highA@anables based on the
respective medians (50% of respondents above tdeamscore). It is important to
note that the median splits from the available datagdn=27-42) were employed in all
analyses (including those from the complete dateeported below). It was
determined that while reporting the smaller congptidta set, the median splits from

the available data set should be used to ensuréhthaesults reflect all available data.
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Outliers.

Very few outliers were present in the data astifled by stem-and-leaf plots.
The outliers that were present were extremely Right and Post-Concept Mapping
Scores from the same individual. Two strategieseveanployed to determine whether
the outliers were skewing the results of the areayFirst, outliers were removed and
all analyses were conducted. Second, the top atonb@.5% of the data was
removed from each variable and all analyses wemdwded. Both strategies led to
substantive differences in the concept mappingyaral When further examining the
outlying case, the Pre-Concept Map Score was G@tgphigher than the next highest
Score and the Post-Concept Map Score was 49 guogtisr than the next highest
Score. Given the extreme scores for this singleviddal, this case was not included
in the concept mapping analyses. Therefore, thekeasize for the concept mapping

statistics is 26 (as opposed to 27).
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Results
Initial Class Period Comparisons

As mentioned earlier, students came from threeuifft classes5 6", and
7" periods, covering the same material, taught bysémee teacher. The three classes
were compared on Pre-Content Knowledge Scores amndtitude Toward Science
Scores to determine whether they were significadtferent, thus allowing for
subsequent analyses to be run with class periadbioed. The alpha level was set at
.05 forall statistical analyses. In the tables that follognigicant findings are
indicated by asterisks (*p < .05, **p < .01, **p.001). Class period comparisons
were made via univariate analyses of variance (ARD\ZClasses did not differ
significantly on Pre-Content Knowledge Scofe&, 24) = .06p = .94,1° = .005 (see
Table 1 for means and standard deviations). Claidesot differ significantly on the
Pre-visit Attitude Toward Science ScorB€2, 24) = 1.99p = .16,W° = .14 (see
Table 2 for means and standard deviations). Beaauskfferences were found
between class periods on the knowledge or attitoei@sures, class periods were

aggregated for all subsequent analyses.



Enhancing Conceptual

Table 1

Class Period Scores on Pre-visit Content Knowledge
Class Period Mean SD
5™ period 3.70 1.14
(n=10)
6™ period 3.56 1.42
(n=9)
7" period 3.81 2.07
(n=8)
Total 3.69 1.49
(n=27)

*<.05 *p<.01 **p<.001

Table 2

Class Period Scores on Pre-visit Attitude Towarisme
Class Period Mean SD
5™ period 54.90 8.32
(n=10)
6™ period 51.44 9.76
(n=9)
7" period 60.00 8.45
(n=8)
Total 55.26 9.19
(n=27)

*p<.05 *p<.01 **p<.001

83
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Content Knowledge

The first dependent variable measured studentdeod knowledge.
Hypothesis 1 was that students’ Content Knowledgwes would increase
significantly from Pre- to PogWluseum Visit. Changes in scores from pretest to
posttest were assessed using a matched-sampsesTiite difference scores can be
viewed as the degree of improvement or decremdniees the Pre- and Post-
Museum Visit Content Knowledge Scores. The resnttcate that the mean Pre-visit
Content Knowledge Scorell(= 3.69,SD= 1.49) were significantly lower than the
mean Post-visit Content Knowledge Scomtds<5.76,SD = 1.87),t(26) = -4.91,

p <.001. The standardized effect size indkxyas .94, indicating a large effect. It
appears that the museum experienceeased students’ science content knowledge.
The more detailed hypotheses examined whethes there meaningful

interactions between student’s changes in PrefPostent Knowledge Scores and
their level of Engagement, Previous Visits, Prioodvledge, or Home Support. A
mixed-factorial analysis of variance on Pre/PGshtent Knowledge Scores was
conducted separately for each factor—Engagemeenjdrs Visits, Prior Knowledge,
and Home Support (for means and standard deviatseesTables 3, 4, 5, and 6,
respectively). For each mixed two-way ANOVA, thdahim-subjects factor was
museum visit; the two levels were Pre- and PostédasVisit, and the dependent

variable was Content Knowledge Score.
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Engagement Level

Hypothesis 1A was that a significant interactiondooccur between
Pre/Post-Museum Visit and level of Engagement wdiilne exhibits. Specifically,
children who were more highly engaged at the exhilvere expected to show higher
gains in Content Knowledge Scores from Pre- to-Rasteum Visit. As mentioned
previously, the between-subjects variable, Engagérhad two levels—High and
Low. Inconsistent with hypothesis 1A, the interaotbetween Pre/Post-Museum Visit
and Engagement level was not signific#{t,, 25) = .02p = .90, partial® < .01
(see Table 3). It is important to note here thaipemones recorded comments
regarding each student’s level of engagement vetikach exhibit. The most common
notes referenced teamwork, questioning, and ansg/guestions. This information
helps to understand the actions of the studentiewhgaged at the exhibits and
interpret the content knowledge results (see theudision section).
Previous Visits

Hypothesis 1B was that a significant interactioruldlaoccur between
Pre/Post-Museum Visit and Previous Visits to arsmecenter. Specifically, it was
expected that children who had previously visitestiance center would experience
higher gains in Content Knowledge Scores. The batvaeibjects variable, Previous
Visits, was divided into two levels—Many visits aRdw visits. Contrary to

hypothesis 1B, the interaction between Pre/PosteMnsVisit and Previous Visits on
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Content Knowledge Scores was also non-signifida(it, 25) = .50p = .49, partialy?
<.02 (see Table 4).
Prior Knowledge

Hypothesis 1C wathat a significant interaction would occur between
Pre/Post-Museum Visit and student’s Prior Knowledgé¢hat those who entered with
lower levels of Prior Knowledge would make the mgeins in Content Knowledge
Scores fro Pre- to PeMuseum Visit. The between-subjects factor, Priooledge,
was divided into High (science grade of A, B) armhi(science grade of C, D, or F).
Contrary to hypothesis 1C, the interaction betweesiPost-Museum Visit and Prior
Knowledge was also non-significaffi(1, 25) = 2.21p = .16, partialy® = .08
(see Table 5).
Home Support

Hypothesis 1D was exploratory and no specific mtsahh was made regarding
the interaction between children’s Pre/Post-Mus#isit and their level of Home
Support on Content Knowledge Scores. The betwebjests variable, Home
Support, was divided into two levels—High and Ldwepeated measures factorial
ANOVA was conducted. Results regarding the exptogahypothesis 1D indicated
that the interaction between Pre/Post-Museum ¥isit Home Support was not

significant,F(1, 25) < .01p = .97, partialy?® < .001 (see Table 6).
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Table 3

Mean Content Knowledge Scores as a Function oF@st/and Engagement

Pre-visit Post-visit
Mean Mean Plot of actual interaction
Engagement (SD) (SD) (not significant)
Low 3.39 5.39
@ High Engagement
(n=9) (1.19) (2.15)
B Low Engagement
High 3.83 5.94 s
(n = 18) (1.64) (1.76) g ° ]
R
Total 3.69 5.76 5 2
0
(n = 27) (1-49) (1'87) Previsit  Postvisit

*p<.05 *p<.0l **p<.001



Table 4

Enhancing Conceptual 88

Mean Content Knowledge Scores as a Function ofFest/and Previous Visits

Pre-visit Post-visit
Previous Mean Mean Plot of actual interaction
Visits (SD) (SD) (not significant)
Few 3.22 5.72
& Many Previous
Visits
(n=9) (1.25) (1.79) B Few Previous Visits
Many 3.92 5.78
(n = 18) (1.58) (1.96) g *
Total 3.69 5.76 %
(n = 27) (1'49) (1'87) Previsit  Postvisit

*n<.05 *p<.0l

%k < 001
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Table 5
Mean Content Knowledge Scores as a Function oP@st/and Prior Knowledge
Pre-visit Post-visit
Prior Mean Mean Plot of actual interaction
knowledge (SD) (SD) (not significant)
Low 3.69 5.33
¢ High Prior
(n = 18) (1.73) (1.95) m Cow Prios®
Knowledge
High 3.67 6.61 8
n 6 *
(n=29) (.94) (1.45) o n
SaT—w
Total 3.69 5.76" 5 2
0 T
(n = 27) (1'49) (1'87) Previsit  Postvisit

*p<.05 *p<.0l *p<.05
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Table 6
Mean Content Knowledge Scores as a Function offést/and Home Support
Pre-visit Post-visit
Home Mean Mean Plot of actual interaction
support (SD) (SD) (not significant)
Low 3.50 5.56
¢ High Home Support
=16 1.24 1.85
(n ) ( ) ( ) B Low Home Support
High 3.95 6.05 8
(n=11)  (1.84) (1.96) g m
Sara
Total 3.69 5.76 % )
0
(n = 27) (1'49) (1'87) Previsit Postvisit

*<.05 *p<.01 ***p<.001
Concept Mapping

The second dependent variable measured qualityrafept maps. Hypothesis 2
was that students’ Concept Map Scores would iners@gificantly from Pre- to Post-
Museum Visit. Changes in scores from pretest tatpsiswere assessed using a
matched-samples t test. The difference scores eaielwved as the degree of
improvement or decrement between the Pre- andNaséum Visit Concept Map
Scores. The results were consistent with hypotl&dise mean Pre-visit Concept Map
Scores Iyl = 33.92,SD = 22.98) were significantly lower than the meastRaosit

Concept Map Score$/(= 42.92,SD= 26.24) t(25) = -2.17p < .05. The standardized
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effect size indexd, was .42, indicating a moderate effect. This sugpthie idea that
museum visits of even a brief duration can haveeammgful impact on students’
conceptual organizatiofis.

The more complex hypotheses examined whether tiere meaningful
interactions between Pre/Post-Museum Visit andesttgd level of Engagement,
Previous Visits, Prior Knowledge, and Home Supp&nmixed-factorial analysis of
variance was conducted separately for each factogaiement, Previous Visits,
Prior Knowledge, and Home Support. The means amdlatd deviations for Pre/Post-
Museum Visit Concept Map Scores according to Engeege, Previous Visits, Prior
Knowledge, and Home Support are presented in Tahlgs9, and 10, respectively.
For each ANOVA, the within-subjects factor was mumsevisit; the two levels were
Pre- and Pogvluseum Visit. The dependant variable for each ANOV#&s Concept
Map Score.

Engagement

Hypothesis 2A was that an interaction should ot@iween Pre/Post-Museum
Visit and level of Engagement while at the exhibatsildren who were highly
engaged were expected to demonstrate greaterigamcept Map Scores than
children who exhibited lower levels of engagemé&hie between-subjects variable,

Engagement, had two levels—High and Low. Contraryypothesis 2A, the

* A non-parametric Wilcoxon test of the differenaeen ranks yielded similar results, z = -1.91,
p =.057.
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interaction between Pre/Post-Museum Visit and le¢&ngagement on Concept Map
Scores was non-significarf(1, 24) = .79p = .47, partiah=|2 =.02 (see Table 7).
Previous Visits

Hypothesis 2B stateithat the interaction between Pre/Post-Museum ¥isit
Previous Visits would be non-significant. The betwesubjects variable, Previous
Visits, had two levels—Many visits and Few visi@ontrary to hypothesis 2B, the
interaction between Pre/Post-Museum Visit and BrevVisits on Concept Map
Scores was significanE(l, 24) = 11.00p < .01, partiah=|2 = .31. Analyses of simple
effects were conducted using two paired-samplest$t Results indicate that children
who had visited a science center more than ontieeipast two years (Many Pevious
Visits) show significant gains in Concept Map Sedirem Pre- to Post-Museum
Visit, t(16) = 3.70p < .01,d = .90, while for children who had not attendediarsce
museum more than once in the past two years (Fewdus Visits), Concept Map
Scores actually decreased from Pre- to Post-Musdéait) although not to a
significant degree(8) = -1.48p = .18,d = .49 (see Table 8).
Prior Knowledge

Hypothesis 2C stated that the interaction betweefPBst-Museum Visit and
Prior Knowledge would be non-significant. The begwesubjects variable, Prior
Knowledge, had two levels—High and Low. Consistgith hypothesis 2C, the
interaction between Pre/Post-Museum Visit and imowledge on Concept Map

Scores was non-significar(1, 24) = .95p = .29, partialy® < .05 (see Table 9).
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Home Support

Finally, hypothesis 2D stated that the interacbetween Pre/Post-Museum
Visit and Home Support would be non-significanteThetween-subjects variable,
Home Support, had two levels—High and Low. Consistéath hypothesis 2D, the
interaction between Pre/Post-Museum Visit and H&wmgport on Concept Map
Scores was also non-significaR{1, 24) = .02p = .90, partialj® < .01
(see Table 10).

It was thought that concept maps might indicatettwrestudents perceived the
target topic (acids and bases) as more relevahetolives after interacting with the
exhibits. For example, if a child did not includenfherself or his/her family in the
concept map prior to the museum visit but chossdtbhim/herself or his/her family
to the post-visit concept map, then the resultsldvptovide evidence that exhibit
developers had created an exhibit that was pelgarratulturally relevant to the
children. However, very few students included peatoeferences in their pre- and

post-visit concept maps, 19% (5/26) and 11% (3/&3pectively.
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Table 7

Mean Concept Mapping Scores as a Function of Pi&/Bod Engagement

Pre-visit Post-visit
Mean Mean Plot of actual interaction
Engagement (SD) (SD) (not significant)
Low 31.44 44.67 « High Engagement
(n=9) (23.83) (25.88) B Low Engagement
. 50
High 35.24 42.00 a0 ]
(h=17)  (23.15) (27.17) L8
; 20
Total 33.92 42.92 © 10
0 T
(n = 26) (22.98) (26_24) Previsit Postvisit

*n<.05 *p<.0l *p<.001
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Table 8

Mean Concept Mapping Scores as a Function of Pi&/Bid Previous Visits

Pre-visit Post-visit
Previous Mean Mean Plot of actual interaction
visits (SD) (SD) (significant’)
Few 37.22 30.22 ¢ Many Previous
. \F/isit?:> ]
ew Previous
(n=9) (25.66) (22.77) Visits
* 60
Many 32.18 49.65 50 .
2 40
(n = 17) (22.06) (26.03) g % I S
(E) 10
Total 33.92 42.92 0 -
Pre- Post-
(n = 26) (22.98) (26.24) visit visit

*n<.05 *p<.0l **p<.001
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Table 9
Mean Concept Mapping Scores as a Function of Pi&/Bid Prior Knowledge
Pre-visit Post-visit
Prior Mean Mean Plot of actual interaction
knowledge (SD) (SD) (not significant)
Low 27.00 39.24 # High Prior
. EnowFI)e_dge
ow Prior
(n = 17) (21-55) (27-25) Knowledge
. 60
High 47.00 49.89 50 | o
8 40 +——
(n=9) (20.66) (24.16) 8 oW
3 10
Total 33.92 42.92 0 :
Pre- Post-
(n = 26) (22.98) (26.24) visit  visit

*n<.05 *p<.0l **p<.001
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Table 10
Mean Concept Mapping Scores as a Function of Pi&/Bod Home Support
Pre-visit Post-visit
Home Mean Mean Plot of actual interaction
support (SD) (SD) (not significant)
Low 38.31 46.88 ® High Home
- Euppﬂrt
oW FHome
(n =16) (22.15) (26.88) Support
High 26.90 46.18 >0 "
" 40 u
(n = 10) (23.67) (25.22) R B
; 20
Total 33.92 42.92 © 10
0 T
(n = 26) (22_98) (26.24) Previsit  Postvisit

*<.05 *p<.01 ***p<.001
Attitude Toward Science

No specific prediction was made regarding changée/PostMuseum Visit
Attitude Toward Science Scores (hypothesis 3). Gearn scores from pretest to
posttest were assessed using a matched-sampdsTitte difference scores can be
viewed as the degree of improvement or decremdntde® the Pre- and Post-
Museum Visit Attitude Toward Science Scores. Thaiits indicate that the mean Pre-
visit Attitude Toward Science Scordd £ 55.26,SD= 9.19) were not significantly

different than the mean Post-visit Attitude Tow&aence Scored| = 57.30,
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SD=8.45),t(26) = 1.73p = .10. The standardized effect size ind&xyas .33,
indicating a small, yet noteworthy, effect.

The more detailed hypotheses examined whethez there meaningful
interactions between Pre/Post-Museum Visit andesttisl level of Engagement,
Previous Visits, or perceptions of Peer Attitudmesard science. A two-way mixed-
factorial analysis of variance was performed sepfrdéor each factor—Engagement,
Previous Visits, and Peer Attitudes (for meansstaddard deviations, see Tables 11,
12, and 13, respectively). For each repeated messunalysis of variance, the within-
subjects factor was museum visit; the two leveleevwire- and Pod¥luseum Visit.

The dependent variable was Attitude Toward SciSume.
Engagement

Hypothesis 3A was that an interaction would odmetween Pre/Post-Museum
Visit and level of Engagement while at the exhibatsildren who were more highly
engaged were expected to show greater gains ituéétiToward Science Scores from
Pre- to Post-Museum Visit. The between-subjectaliby, Engagement, had two
levels—High and Low. Inconsistent with hypothests ghe interaction between
Pre/Post-Museum Visit and level of Engagement ditutle Toward Science Scores
was non-significant=(1, 25) < .01p = .93, partial? < .001 (see Table 11).

Previous Visits
Hypothesis 3B was exploratory and no specific ptaolhh wasmade regarding

the interaction between Pre/Post-Museum Visit dnldli®@n’s Previous Visits to a
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science center. The between-subjects variablejdeVisits, was divided into two
levels—Many visits and Few visits. A two-way repehmeasures factorial analysis of
variance was performed. Results from the analggianding the exploratory
hypothesis 3B indicated that the interaction betweee/Post-Museum Visit and
Previous Visits on Attitude Toward Science Scoras wot significant=(1, 24) = .01,
p = .91, partial? < .001 (see Table 12).
Peer Attitude

Hypothesis 3C was exploratory and no specific mtexh was made regarding
the interaction between Pre/Post-Museum Visit aardgptions of Peer Attitudes
toward science. The between-subjects variable, Rwiende, was also divided into
two levels, High and Low, and a two-way factoriahbysis of variance was
performed. Results of the analysis used to exgigpothesis 3C indicated that the
interaction between Pre/Post-Museum Visit and Ré&gude on Attitude Toward
Science Scores was not significaft], 25) = .75p = .40, partiay® = .03

(see Table 13).
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Table 11

Mean Attitude Toward Science Scores as a FunctiétrePost and Engagement

Pre-visit Post-visit
Mean Mean Plot of actual interaction
Engagement (SD) (SD) (not significant)
Low 58.11 60.00 o High Engagement
(n=9) (9.78) (10.10) ® Low Engagement
. 70
High 53.83 55.94
g L 55 | g
(n = 18) (8.82) (7.44) 5 40
» 25
Total 55.26 57.30 < 10
(n = 27) (9.20) (8.45) S hrevisit Postvist

*n<.05 *p<.0l **p<.001
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Table 12
Mean Attitude Toward Science Scores as a Functitthr@Post and Previous Visits
Pre-visit Post-visit
Previous Mean Mean Plot of actual interaction
Visits (SD) (SD) (not significant)
Low 54.33 56.56 © Many Previous
- \F/isit?) )
ew Previous
(n=9) (7.16) (8.09) Visits
. 70
High 55.72 57.67
g , 55 ® *
(n = 18) (10.22) (8.83) 5 40
» 25
Total 55.26 57.30 < 10
(n = 27) (9.19) (8.45) S hrevisit Postvist

*n<.05 *p<.0l **p<.001
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Table 13
Mean Attitude Toward Science Scores as a Functiéire@Post and Peer Attitudes
Pre-visit Post-visit
Mean Mean Plot of actual interaction
Peer attitudes (SD) (SD) (not significant)
Low 53.76 56.59 ® High Peer
- f\ttituges
ow Peer
(n=17) (9.19) (9.31) Attitudes
. 70
High 57.80 58.50
J , 55 % *
(n = 10) (9.09) (7.03) 5 40
» 25
Total 55.26 57.30 < 10
(n = 27) (9.19) (8.45) S hrevisit Postvist

*<.05 *p<.01 ***p<.001
Attitude Toward Target Topic

Hypothesis 4 wathat there would be significant gains in Attitudevard
Target Topic Scores from Pre- to Post-Museum V@&itanges in Attitude Toward
Target Topic (acids and bases) Scores from pritggisttest were assessed using a
matched-samples t test. The difference scores eaielwved as the degree of
improvement or decrement between the Pre- andNraseéum Visit Attitude Toward
Target Topic Scores. Consistent with hypotheste& mean Pre-visit Attitude Toward

Target Topic ScoredM = 27.96,SD = 4.64) were significantly lower than the mean
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Post-visit Attitude Toward Target Topic Scorés £ 30.33,SD= 4.18),t(26) = -3.19,
p < .01. The standardized effect size indxyas .61, indicating a moderate effect.

The more complex hypotheses examined whether tere meaningful
interactions between Pre/Post-Museum Visit andesttisl level of Engagement,
Previous Visits, or perceptions of Peer Attitudmsdrd science. A two-way mixed-
factorial analysis of variance was performed sepfrdéor each factor—Engagement,
Previous Visits, and Peer Attitudes (for meansstaddard deviations, see Tables 14,
15, and 16, respectively). For each repeated messunalysis of variance, the within-
subjects factor was museum visit; the two leveleevwre- and Pod¥luseum Visit.
The dependent variable was Attitude Toward Targgtid Scores.
Engagement

Hypothesis 4A was that a significant interactiondooccur between
Pre/Post-Museum Visit and level of Engagement wdiilne exhibits. Specifically,
students who were highly engaged were expecteldaw kigher gains in Attitude
Toward Target Topic Scores. The between-subjectabla, Engagement, had two
levels—High and Low. Contrary to hypothesis 4A, tferaction between Pre/Post-
Museum Visit and level of Engagement on Attitudev@od Target Topic Scores was
not significantF(1, 25) = .20p = .66, partial® < .01 (see Table 14).
Previous Visits

Hypothesis 4B was exploratory and no specific mtaah was made regarding

the interaction between Pre/Post-Museum Visit dnldli@n’s Previous Visits. The
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between-subjects variable, Previous Visits, wagld into two levels—Many visits
and Few visits. A two-way repeated measures fadtanalysis of variance was
conducted. Results from the analysis to assessmxpty hypothesis 4B indicated
that the interaction between Pre/Post-Museum ¥rsit Previous Visits on Attitude
Toward Target Topic Scores was not signific&il,, 25) = .06p = .81,
partial® < .01 (see Table 15).
Peer Attitudes

Hypothesis 4C was exploratory and no specific ptexh wasmade regarding
the interaction between Pre/Post-Museum Visit dnldien’s perceptions of Peer
Attitudes toward science. The between-subjectabbe) Peer Attitude, was also
divided into two levels, High and Low, and a twoywactorial analysis of variance
was conducted. Results from the exploratory amakgsiarding hypothesis 4C
indicated that the interaction between Pre/PostédosVisit and Peer Attitude on
Attitude Toward Target Topic Scores was not sigatfit,F(1, 25) = .23p = .64,

partial® < .01 (see Table 16).
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Table 14
Mean Attitude Toward Target Topic Scores as a Fanatf Pre/Post and Engagement
Pre-visit Post-visit
Mean Mean Plot of actual interaction
Engagement (SD) (SD) (not significant)
Low 29.22 31.11 o High Engagement
(n=9) (5.54) (4.86) ® Low Engagement
High 27.33 29.94 > g
3 25 v
(n=18) (4.16) (3.89) 3 20
~ 15
N E 10
Total 27.96 30.33 < s
0 T
(n=27) (4.64) (4.18) Previsit  Postvisit

*n<.05 *p<.0l **p<.001
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Table 15
Mean Attitude Toward Target Topic Scores as a Ranatf Pre/Post and Previous Visits
Pre-visit Post-visit
Previous Mean Mean Plot of actual interaction
Visits (SD) (SD) (not significant)
Low 28.11 30.22 # Many Previous
- \F/isit?) )
ew Previous
(n=29) (5.49) (5.56) Visits
High 27.89 30.39 > .
3 25 *
(n=18) (4.34) (3.48) 3 20
~ 15
N E 10
Total 27.96 30.33 < s
0 T
(n=27) (4.64) (4.18) Previsit  Postvisit

*n<.05 *p<.0l **p<.001
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Table 16
Mean Attitude Toward Target Topic Scores as a Fanatf Pre/Post and Peer Attitudes
Pre-visit Post-visit
Mean Mean Plot of actual interaction
Peer attitudes (SD) (SD) (not significant)
- f\ttituges
ow Peer
(n=17) (4.91) (4.15) Attitudes
High 28.40 30.30 > .
3 25 L]
(n =10) (4.38) (4.45) 3 20
~ 15
" E 10
Total 27.96 30.33 < s
0 T
(n=27) (4.64) (4.18) Previsit  Postvisit

*<.05 *p<.01 ***p<.001
Qualitative Preference and Relevance

The qualitative questions were used to assesdwexicibits the children
preferred and whether or not the children viewedekhibits as relevant. Because the
students provided so many rich and varied answesponses to all available
gualitative questionnaires were examined. Of thetddents who participated in the
study and were eligible for data analyses, 4 stisderre absent on the day the
gualitative data were collected; therefore, thaltsample size reported is 38. Several
guestions were not answered by some of the studaetforthcoming questions were

each missing four responses; therefore, 10% ofotfa¢ sample in all subsequent
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percentages is accounted for by missing data. Tiegimg data may be a product of
the request for students to provide large amountg@amation at one time (fatigue)
or reflect the few students per class who typicpiisfer to write as little as possible.

The students generally favorBaaction, Yes or NgB7% even claimed
Reaction, Yes or Na&s their favorite exhibiforwards and Backwardaas the
second favorite anNatural Indicatorsthe third (14% and 5% claimed these exhibits
as their favorite, respectively). Additionally, 78bthe students claimed all three
exhibits as their favorite, 5% claimed other extsibhroughout OMSI as their
favorite, and 2.5% did not report a favorite. Thestccommon theme underlying the
favored status dReaction, Yes or NoXas action. One student’s response is
exemplary of this theme, “I thought it was cool htihe chemical bubbled and the
balloon was blow[n] up.”

When asked whether the Chemistry Lab exhibits weleyant (if it was
personally meaningful or if it reminded them of #mgg at home) only 21% did not
find any of the exhibits relevant to them, whil€@®f the students found at least one
exhibit relevant. Specifically, 24% listed one éithas relevant, 29% listed two of the
exhibits as relevant to them, and 17% identifiédhaiee exhibits as relevant. Of the
students who responded, 38% fédirwards and Backwardw&as relevant, 33% felt
Natural Indicatorswas relevant, and more than 59% Rdtaction, Yes or No®as

relevant.
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Several themes were identified throughout the tatale responses. The top
ten themes (theme names are indicated with cdeitats), with number of times
mentioned in parentheses, are as follows: Pastiexjge (50), Household Materials
(39), Experience Alterations (26), Food (21), Balld16), add Different materials
(15), At Home (12), Extra of the same material9 (Irdstruction (10), and Blow
things Up or light them on fire (8). Qualitativesponses can be divided into two
categories: (a) those pertaining to whether théb@shwere relevant and (b) those
pertaining to how the youth would change the exbitn make them more relevant.
Below are detailed examples of the common thenresdch question followed by
exemplary answers provided by the students.

The first set of questions inquired whether eadfit@xreminded the
respondents of anything they had at home or anytiiaey had done or seen before.
When this question was asked in regarBidonvards and Backward®93% of the
children who found the exhibit relevant claimedtve had Past Experience with the
experiment or the materials involved in the expenmOther references to why the
youth feltForwards and Backwardwas relevant were because it contained
Household Materials (37%), more specifically théibx reminded them of Kool-Aid
(31%), or Food (18%). Examples include, “Magic Kéadl | have at home” and “Yes
because when dying the egg on Easter.” When threrantioned question was posed
in regard taNatural Indicators the most common response was Household Materials

(64%). Other reasons for the exhibit’'s relevancduite, the presence of Food items
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(42%), Past Experience with the experiment or théenmals (28%), and the presence
of Color (28%). Examples include, “It reminded nimat cabbage and it is green and
different color roses” and “I drink lemonade adoid | didn’t know it was an acid.”
When the same question was asked in regaRksztion, Yes or No2hildren most
often indicated the presence of Household Mate(@80) as the source of the
exhibit’s relevance. Other responses included Pagérience with the experiment or
the materials in the experiment (60%) and speo#ierences to the Balloon or Food-
related items such as vinegar and baking soda @8%32%, respectively). Examples
include, “It kind of reminded me of a vacuum cleawien it blows up,” “I've blow

up a balloon with many different things,” and “éminded me about helium.”

The next set of questions inquired how the childwenld change each exhibit
to make it more personal, meaningful, or even nfianefor them. With regard to
Forwards and Backward$88% of the students gave suggestions. Of thagde th
responded, 62% suggested Experience Alterationsia@different components
(50%) or Extra of the same components (18%)—and 8dggested increasing the
Sensory Experience. Examples of responses pergaimfForwards and Backwards
include, “Use bigger amounts of coloring,” “Get radrases and acids or indicators to
make gases,” and “Make things edible. Blow things ®nly 20% of the students
gave suggestions regardiNgtural Indicators 50% of those who responded
suggested Experience Alterations—such as addirfgrBiit components (37%).

Examples of suggestions filatural Indicatorsinclude, “I would use more materials
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that we have at home like candy and pickles likeleimaterials not liquid,” and “By
doing something else like making them bubble umbse of reaction.” With regard to
Reaction, Yes or N933% of the children offered suggestions. The mostmon
suggestions included Experience Alterations (78)eesjzally, adding Extra of the
same ingredients to create a stronger reaction Y42%dding Different ingredients
(28%). Additionally, 21% of those who responded kesijed more Relevance and
21% suggested Blowing things Up or lighting thedxah on fire. Examples of
answers regardingeaction, Yes or Naficlude, “I would actually put more in there
to try to make the balloon blow all the way,” “Yegye tips on how to make the
balloon bigger,” and “I would have a red balloorttwiny name on it.”

Responses to the relevance questions were expechdlin the interpretation
of the quantitative results. The exploratory hygsik was that children who
responded positively to the questions regardingtdrehe exhibits reminded them of
something at home, or something they had doneeur Isefore, would also be the
children who showed significant gains in understag@nd interest from pre- to post-
Museum Visit. To test exploratory hypothesis 5,iged-factorial analysis of variance
was performed separately for each dependant variaBbntent Knowledge Scores
(5A), Concept Mapping Scores (5B), Attitude Tow&aence Scores (5C), and
Attitude Toward Target Topic Scores (5D) (for meand standard deviations, see
Tables 17, 18, 19, and 20, respectively). The withibjects variable for each analysis

was museum visit, with two levels, Pre- and Poss&Wwm Visit. Each of the factorial-



Enhancing Conceptual 112

analyses of variance were conducted with the betvgebjects factor, Relevance,
which was a two-level variable—perceived at leamt exhibit as relevant (Some) or
did not perceive any of the exhibits as relevam@r@®). The interactions between
Relevance and Pre/Post-Museum Visit on the two kedyge measures were both
non-significant: Relevance and Pre/Post-Museunt gisiContent Knowledge Scores
(hypothesis 5A)F(1, 25) = 2.62p = .12, partialy® = .10; Relevance and Pre/Post-
Museum Visit on Concept Mapping Scores (hypoth&Bis F(1, 24) = .01p = .92,
partialy? < .001. The interaction between Relevance andPBs¢/Museum Visit on
Attitude Toward Science Scores (hypothesis 5C)alss non-significant,

F(1, 25) = 1.74p = .20, partialy® = .07. A significant interaction was found between
Relevance and Pre/Post-Museum Visit on Attitude dalw arget Topic Scores

(hypothesis 5D)E(1, 25) = 5.61p = .03, partiaky® = .18.
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Table 17

Mean Content Knowledge Scores as a Function oF@st/and Relevance

Pre-visit Post-visit
Mean Mean Plot of actual interaction
Relevance (SD) (SD) (not significant)
Not Relevant 3.92 4.75
& Relevant
(n=6) (1.43) (1.70) B Not Relevant
7
Relevant 3.62 6.05 6 4
g R
(n=21) (1.54) (1.86) gi_®
X
. o2
Total 3.69 5.76 1
0 .
(n — 27) (1_49) (1_87) Previsit Postvisit

*n<.05 *p<.0l **p<.001
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Table 18

Mean Concept Mapping Scores as a Function of Pis/Bod Relevance

Pre-visit Post-visit
Mean Mean Plot of actual interaction
Relevance (SD) (SD) (not significant)
Not
@ Relevant
Relevant 25.67 35.50 B Not Relevant
(n=6)  (8.89) (25.25) > *
¢ -
Relevant 36.40 45.15 2 zg n
=
(n=20)  (25.42) (26.75) © 10
0 .
Total 33.92 42.92 Previsit Postvisit
(n = 26) (22.98) (26.24)

*n<.05 *p<.0l **p<.001
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Table 19
Mean Attitude Toward Science Scores as a Functiéir@Post and Relevance
Pre-visit Post-visit
Mean Mean Plot of actual interaction
Relevance (SD) (SD) (not significant)
Not & Relevant
Relevant 55.67 54.83 M Not Relevant
(n=6) (10.54) (8.68) ZZ
Relevant 55.14 58.00 § % .
0 55 - =
(n =21) (9.06) (8.46) “ 5
Total 55.26 57.30 T oo
(n=27) (9.19) (8.45)

*n<.05 *p<.0l *p<.001
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Table 20
Mean Attitude Toward Target Topic Scores as a Fanatf Pre/Post and Relevance
Pre-visit Post-visit
Mean Mean Plot of actual interaction
Relevance (SD) (SD) (significant)
Not Relevant 28.17 27.50
@ Relevant
(n - 6) (4'12) (4_51) M Not Relevant
45
Relevant 27.91 31.14 , 40
S 35
(n=21) (4.88) (3.81) E % .
< e B
Total 27.96 30.33 25
20 T
(n = 27) (4.64) (4.18) Previsit Postvisit

*n<.05 *p<.0l *p<.001
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Figure 17Summary of Knowledge and Understanding Results
Main effects | Statistical | Significance Effect | Direction Hypothesis
and test size support
interactions
Content Overall t test Significant | d =.94 | Higher Supports 1
knowledge i after visit
Interaction Repeated | Not partial- | N/A Does not
with measures | significant n’= support 1A
engagement | ANOVA .001
Interaction Repeated | Not partial- | N/A Does not
with previous | measures | significant = support 1B
visits ANOVA .02
Interaction Repeated | Not partial- | N/A Does not
with prior measures | significant = support 1C
knowledge ANOVA .08
Interaction Repeated | Not partial- | N/A Exploratory
with home measures | significant n’< 1D
support ANOVA .001
Interaction Repeated | Not partial- | N/A Does not
with measures | significant n’= support 5A
relevance ANOVA .10
Concept Overall t test Significant | d = .42 | Higher Supports 2
mapping * after visit
Interaction Repeated | Not partial- | N/A Does not
with measures | Significant n’= support 2A
engagement | ANOVA .02
Interaction Repeated | Significant partial- | Increases | Does not
with previous | measures | ** n’= for S’s with | support 2B
visits ANOVA 31 many Visits
Interaction Repeated | Not partial- | N/A Supports 2C
with prior measures | significant n’<
knowledge ANOVA .05
Interaction Repeated | Not partial- | N/A Supports 2D
with home measures | significant <
support ANOVA .01
Interaction Repeated | Not partial- | N/A Does not
with measures | significant = support 5B
relevance ANOVA .00
*p<.05 **p<.0l **p<.001
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Figure 18Summary of Attitudinal Results
Main effects | Statistical | Significance Effect Direction Hypothesis
and test size support
interactions
Attitude | Overall t test Not d=.33 N/A Exploratory
toward significant 3
science | Interaction Repeated | Not partialn® | N/A Does not
with measures | significant <.001 support 3A
engagement | ANOVA
Interaction Repeated | Not partial)® | N/A Exploratory
with previous | measures | significant <.001 3B
visits ANOVA
Interaction Repeated | Not partial)® | N/A Exploratory
with peer measures | significant =.03 3C
attitude ANOVA
Interaction Repeated | Not partial)® | N/A Does not
with measures | significant =.07 support 5C
relevance ANOVA
Attitude | Overall t test Significant d=.61 Higher Supports 4
toward * after visit
target Interaction Repeated | Not Partialn)® | N/A Does not
topic with measures | significant <.01 support 4A
engagement | ANOVA
Interaction Repeated | Not partial)® | N/A Exploratory
with previous | measures | significant <.01 4B
visits ANOVA
Interaction Repeated | Not partial)® | N/A Exploratory
with peer measures | significant <.01 4C
attitudes ANOVA
Interaction Repeated | Significant Partialn® | Gains in Supports 5D
with measures | * =.18 attitudes
relevance ANOVA for those
who
viewed the
exhibits as
relevant
*p<.05 **p<.0l **p<.001
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Discussion
Gains in Knowledge and Understanding

The data analyses revealed that Inner-City Middleo8! students showed
significant gains in both Content Knowledge Scdhggpothesis 1) and Concept Map
Scores (hypothesis 2) from Pre- to Post-Museunt.Visie mixed method results
suggest that both quantitative and qualitative dataconverging on, and therefore
confirming, the finding that the museum visit enteoh school learning (Cresswell,
2003). This finding is concordant with findings fingrevious museum studies
(for examples see Falk & Storksdieck, 2002; Gi¢sd.£1993). Although it has been
suggested that concept mapping is a better wagptue the complex and varied
learning that occurs in the interactive museumedanfAnderson et al., 2003; Falk et
al., 1998; Hein, 1999; Novak, 1993), it seems bwdh measures do capture content
knowledge gains (albeit concept mapping capturiegration as well).

The t tests for both Content Knowledge and ConbAggs Scores support the
hypotheses (1 and 2) that museums can enhancel $edwoong by providing hands-
on (and minds-on) activities. The results supgdwetitiea that museums encourage
peer cooperation in a contextually embedded agtilitt can better fit the cultural
learning style of children from low-income, Africdmerican backgrounds (Allen &
Boykin, 1991; Ogbu, 1995; Quinn, 1999; Resnick &,a®88). Constructivism,
sociocultural Vygotskyanism, and situated learrthipries support these results. The

learning that occurred from pre- to post-Museumt\dan be explained by
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constructivism and situated cognition, which batggest that if learners are
physically and mentally active, learning is mokely to occur (cf. Boykin & Allen,
1988; Boykin & Cunningham, 2001; Lave, 1990). Tigportance of participatory
communication and social interaction amongst pisengyhly regarded by
constructivists, such as Piaget; contextualistsh s Vygotsky; and contextual
Vygotskianists (Cobb et al., 1993; Cole & Grifftt987; Miller, 1993; Moll &
Whitmore, 1993). Rater comments regarding the otnld behaviors while at the
exhibits often referred to teamwork, questioningy answering of questions, which
Piagetian theory would hold as evidence of egulibn and Vygotskian theory would
hold as evidence of scaffolding. All of the abokiedries suggest that learning might
be enhanced by recontextualizing information teatfientimes decontextualized by
the schools (Brown et al., 1989; Lave, 1990; NelBanber & Trumbull Estrin, 1995).
The museum visit may have reestablished a conbexhé& understanding of the
concepts covered in the science curriculum. Thaeseries also aid in the
interpretation of the large statistical effectsgwafter only a single visit occurred.
Although Falk (1999), Hein (1998), and Price andnH&991) have suggested
that a single visit may not be enough to bring atbedter understanding, it is possible
that coordinating the museum visit with the schmoticulum helped make the
museum visit more conducive to learning about aarbbases. For example, many
researchers from a variety of theoretical backgdswsuggest that if a topic is covered

repeatedly or in divergent contexts, that topimae likely to be integrated and
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understood (Brown et al., 1989; Gibson, 1969; Quirg99). For example, Gibson
(1969) posits that diverse learning contexts cdp $ieidents to generalize the
understanding of a concept, and situated cognibiearists posit that repeated
experiences help the student to re-shape, re-assebmore deeply understand a
concept (Brown et al., 1989). The significant resalfter only a single visit suggest
that interactive museums are potent venues forremhg understanding and
knowledge, especially when the visit is coordinatatth classroom curriculum topics.
The hypothesized interactions between Pre/Post-iMusdsit and children’s
level of Engagement while at the museum on thanlegrvariables, Content
Knowledge Scores (hypothesis 1A) and Concept Map$icores (hypothesis 2A),
were not supported. The students, regardless ofdmpaged the chaperones perceived
they were, learned while at the museum. Theserfgedare counter to past museum
research findings (Falk & Storksdieck, 2002) anst galucation research findings
(Greenwood & Terry, 1994; Skinner et al., 1990)efEhare two possible explanations
for this finding: (a) The information was so weisseminated through the exhibits,
even those children who were distracted duringvibie learned enough to make
significant gains in knowledge and understandimgt/ar (b) The measurement of
engagement was not well implemented. Most likddg, results are due to a mixture of
both explanations. Even those youth who were dittawere sufficiently on-task and
engaged at least part of the time; none of thegargant ratings included a rating of

one (engaged less than 25% of the time). This mimansll of the children were
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engaged at least a portion of the time they wetherChemistry Lab. This finding
suggests that the exhibits are educational evewvisaors who are only moderately
engaged.

It is also possible that there were problems withéngagement ratings. The
construct (an overall rating) may have been toadm@nd in the future may need to be
broken down into specific ratings on the varietyaofions that are indicative of
engagement. The need for more specific observaisomadenced (at least on the
four-level ratings) by the low inter-rater agreemdinis possible that time on task may
need to be included in the estimation of engagetegnts, as suggested in past
museum literature (Falk, 1983b; Falk & Storksdie2®02). Finally, the small sample
size was not conducive to averaging over rateedifices; future researchers with a
larger sample size can easily address this liroiati

The interaction between Pre- and Post-Museum ¥isitchildren’s Previous
Visits to a science center was the only interacivbere the findings from the two
knowledge measures differed. Interestingly, theltesvere expected to differ, but the
expectations were counter to the results. The ngsited interaction between
Pre/Post-Museum Visit and Previous Visits on Conkerowledge Scores (hypothesis
1B) was not significant. It was anticipated thatttwose students who had previously
visited a science center, novelty would be redussule the level of novelty would be
rather high for children who had little or no expece at a science center, thus

affecting their attention to exhibit informationsAreviously mentioned, past studies
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have found that high levels of novelty lead to @aged levels of off-task behavior,
which negatively affected learning (Balling & Falk980; Falk, 1983a; Kubota &
Olstad, 1991). However, the current study includgxte-visit orientation to try to
curb the effects of novelty on learning; therefttre null results are not surprising.
The positive effects of pre-visit orientation orueing novelty and enhancing the
likelihood of gains in understanding are suppoliggast museum research
(Anderson & Lucas, 1997; Falk, 1983a; Kubota & @dst1991). It is likely that the
orientation helped to create a moderately noveirenment for students with all
levels of previous experience in the science ceandr therefore, created an
environment more conducive to content knowledga.gai

The significant interaction between Previous Viaitsl Pre/Post-Museum Visit
on Concept Map Scores was not expected (hypotBB$isThe interaction is
especially perplexing when considered in conjumctiath the non-significant
interaction on Content Knowledge Scores. Conceping involves recall and
integration rather than rote skills; it is possitilat even moderate levels of novelty
(even after pre-visit orientation) had more of mpact on the youths’ ability to recall
and integrate information and less of an impaatsmognition (the type of learning
needed for content knowledge tests). Concept mgpgpia fairly new assessment
technique and there has been a call for reseaatindéips to better understand the

inherent limitations (Ruiz-Primo & Shavelson, 1998)ture researchers may want to
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investigate whether concept mapping is a propdrimaaovel, or even moderately
novel, learning situations.

Neither knowledge outcome measure indicated sagmt interactions with
children’s Prior Knowledge and Pre/Post-MuseumtViEie results are counter to the
hypothesized interaction between Pre/Post-Musewsit &nd Prior Knowledge on
Content Knowledge Scores (hypothesis 1C). As presijomentioned, visitors with
lower levels of entering knowledge tend to showrttgest significant gains in
knowledge after a museum visit (Falk & Adelman, 200t is possible that these
results do not support the a priori expectatiortabse current science grade may be a
poor indicator of level of entering knowledge. Theconnect between current science
grade and level of prior knowledge is especiallgpapnt when considering the focus
of the content knowledge test on acids and baslesrrtnan general science
knowledge (as is the focus of science grade). Tieetethough small, is indicative of
a possible interaction. Future researchers may teagrmploy pretest scores as a
measure of level of Prior Knowledge and controltfarse scores in analyses.

The Pre/Post-Museum Visit and Prior Knowledge fissah Concept Mapping
Scores, consistent with expected results (hypas), indicate that all youth,
regardless of their Prior Knowledge, can learn fffegtd trips to informal educational
venues, such as hands-on museums. The conceptngappults are supported by
concept mapping and constructivist literature. @mhenaps allow for gains in a

variety of areas, rather than content knowledgegytiiat are predetermined by the
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teacher or researcher (Novak, 1993). Thereforetadlents regardless of prior
knowledge were able to make additions to their nzies the learning experience.

Finally, the results of the exploratory analyggarding the interaction
between Pre/Post-Museum Visit and children’s Hommgp®rt on Content Knowledge
Scores (hypothesis 1D) was not significant. Anchcoodant with hypothesis 2D, the
interaction between Pre/Post-Museum Visit and cbils Home Support on Concept
Mapping was not significant. These results indi¢cage all youth, regardless of the
amount of support they receive at home, can leam field trips to informal
educational venues. As noted above, the conceppim@apesults are supported by
concept mapping and constructivist literature. €hane, all students regardless of
home support were able to make additions to thapsrafter the learning experience.

Attitude Toward Science and Toward Target Topic

The t tests for Attitude Toward Science Scoresawert significant, yet t tests
for Attitude Toward Target Topic Scores, acids hades, were significant. Although
specific hypotheses regarding the Pre- to Postudliéi Toward Science Scores were
not proposed (hypothesis 3), the increases intBrieest-Attitude Toward Target
Topic Scores were (hypothesis 4). These seemimgifradictory results (significant
gains in Attitude Toward Target Topic Scores and-significant gains in Attitude
Toward Science Scores) were anticipated and ma&xplained in a variety of ways.
As previously mentioned, people are more interestédpics to which they have been

previously exposed. Therefore, the classroom autma, which introduced the target
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exhibit topics a priori, may have paved the waytha visit to improve attitudes
towardthat particular topic. Additionally, attitude towardisoce as a whole may be
too broad for ainglemuseum visit to alter; while the children wereused on the
target topic, allowing them enough exposure toiciefitly improve attitudes toward
that topic. In contrast to past museum researats@ & Enochs, 1987; Flexer &
Borun, 1984; Paris, et al., 1998; and Rix & McSprE999), Attitude Toward Science
Scores did not improve after the informal learnexgerience. There are several
reasons for this discrepancy: some of the studidaded a broader focus during the
informal learning experience (Paris, et al., 1988)ne included measures that did not
focus on attitude but on other affective learnimgehsions such as motivation and
enjoyment (Flexer & Borun, 1984); some included sueas that combined general
and topic specific science questions on a singifieidé¢ toward science measure (Rix
& McSorley, 1999); and some included experiencaswere longer-term than a
single museum visit (Paris et al., 1998). Finatlys important to note that the non-
significance of Attitude Toward Science Scores fi@ra- to Post-Museum Visit may
be largely a function of the small sample sizeegithat eta squared is indicative of an
effect. Future researchers may want to assesgfdutseof a museum visit on Attitude
Toward Science Scores with a larger sample or sftetents experience more than
one museum visit.

Contrary to hypotheses 3A and 4A, no significateéractions were found

between Pre/Post-Museum Visit and children’s leféingagement while at the
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exhibits on Attitude Scores (Toward Science or Tiathe Target Topic). This
finding suggests that the youth’s Attitude TowarieBice Scores remained fairly
stable regardless of their level of engagement tlagid Attitudes Toward Target
Topic Scores increased regardless of their levBlngfagement. These results suggest
that exhibits can improve topic-specific attitudiéss also possible, as explained in
the knowledge and understanding section abovethbet were problems with the
engagement ratings, therefore creating difficultneslentifying any interactions
between level of Engagement and attitudinal changes

The interaction between Pre/Post-Museum VisitRravious Visits on
Attitude Toward Science Scores was not significaat,was the interaction between
Pre/Post-Museum Visit and Peer Attitudes on Atetdid@ward Science Scores. The
magnitude of the effect for both analyses was qiste small. These results were part
of exploratory hypotheses (3B and 3C, respectiyalgyl both suggest that attitudes
from pre- to post-Museum Visit of the participatiimgper-City Middle School children
toward science were not affected by the number@fiBus Visits to a science center
or the student’s perceptions of Peer Attitudes tdveaience.

Exploratory analyses did not reveal interactioesvMeen Pre/Post-Museum
Visit and Previous Visits on Attitude Toward Tardetpic Scores (hypothesis 4B) or
between Pre/Post-Museum Visit and Peer Attitude&ttdtude Toward Target Topic
Scores (hypothesis 4C). Results suggest that deidetitude Toward Target Topic

Scores can increase from pre- to post-Museum ¥éassgtudents who have had a



Enhancing Conceptual 128

variety of previous experiences at a science cemtie past two years and for those
who have not, alike. Additionally, students’ Attiel Toward Target Topic Scores can
increase from pre- to post-Museum Visit regardtédsshether they perceive their
peers as having high or low attitudes toward s@embese results are encouraging
because they suggest that some of the factord ¢l gontrol of the museum do not
alter the experience enough to counter the posiifexts of a museum visit on youth
attitudes toward a designated target topic.

Relevance

The qualitative relevance results suggest thaOtk&| Chemistry Lab has
successfully created a relevant experience fonthjerity of the students who
participated in this study. The primary ways in @fhthe students perceived the
exhibits as relevant were through past experienttethe experiment concepts or
materials. Specifically, the students related noft&n to materials that they had at
home, such as foodstuft.

As suggested by the students, there is room forawipg the relevance of the
exhibits to this particular group. The suggestegeexnent alterations often included
adding different, more familiar materials to thggesxment (i.e., using more familiar
foods as the indicators Matural Indicatorg. Additionally, the students commonly
suggested adding more of the same materials texjeriment to create a stronger
reaction. The students recommended the inclusi@dditional sensory experiences,

such as taste, to make the experiments more releyvmem. Finally, some of the



Enhancing Conceptual 129

students felt that the experiments could be morsgpally relevant (i.e., by allowing
them to choose the color of the balloorRi@action, Yes or N9?

Results did not support the first part of the indat fifth hypothesis (5A and
5B) that the youth who found at least one of thieilgits relevant would also be more
likely to have experienced significant gains in Wtexige from pre- to post-Museum
Visit. However, given the largely uneven samplesiin each cell and the small
sample size in the study, it is difficult to malanclusive statements about this
finding. It would be worthwhile for future reseassh to explore this idea further with
a larger sample. In the context of this small stuldg results do not support the
constructivist, Vygotskian, and apprenticeship tiesothat posit that information must
be relevant to the learner in order for learningd¢our (Hein, 2001; Kozulin, 1998;
Lave, 1990). Additionally, concept maps did notaef many personal references. It
may be worthwhile for future research to assesgdns in which students are asked
specifically to include as many personal refererasepossible or even just encouraged
to put themselves in their maps.

Results partially supported the second portiomefihformal fifth hypothesis
(5C and 5D) that the youth who found at least drte@exhibits relevant would also
be more likely to have experienced attitudinal gdmom pre- to post-Museum Visit.
The interaction between Relevance and Pre/Post-luaasit on Attitude Toward
Science Scores was not significant (5C). As stagetier, it is more difficult for a

single museum visit to affect attitudes toward isceein general; it is likely that these
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results reflect this same problem. However, thenttade of the effect, although
small, does suggest that this interaction warrmteer exploration with either a
larger sample size or more than one museum vilsé.ifiteraction between Relevance
and Pre/Post-Museum Visit on Attitude Toward Tarff@pic Scores was significant
(5D); Attitude Toward Target Topic Scores remaistable from pre- to post-Museum
Visit for children who did not find any of the ekiis relevant, while the same
attitudes increased from pre- to post-Museum Vasichildren who found at least one
of the exhibits relevant. These results are alseth@an uneven sample sizes amongst
cells and a small study sample, thus results nmausiterpreted with caution. However,
this finding does support the idea that if pedagegyeaningful to a student, that
student will effectively gain interest in the sutijenatter (Nelson-Barber & Trumbull
Estrin, 1995).
Limitations and Implications

Limitations

There are several inherent limitations to this aese. Limitations are generally
focused in three main areas: power, internal vgli@éind external validity. Several
limitations are explored below along with the prgaans taken by the researcher to
try to reduce their effects.

Power.

The major limitation regarding statistical powethe small size of the sample

included in the study. A small sample of studerds whosen to accommodate the
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limited funding available for the research projeaciw power (the probability of
correctly rejecting a false null hypothesis) waseesally detrimental to the interaction
analyses.

Internal validity.

The major limitations underlying internal validigye the lack of random
assignment of students and the lack of a contmigdesign. Both of which make it
difficult to ensure that the results are due tortheseum visit and not due to history,
maturation, or instrumentation (as previously diésct), teacher’s style, or the
particular set of students who participated ingtuely (Cook & Campbell, 1979). A
few of the threats to validity are described irtlier detail below.

Students’ responses on outcome measures couldokeaveinfluenced by the
preceding measures (cueing effects). However, tasares were administered in the
same order both pre- and post-visit, thus, anyarfte would have been accounted for
in both pre- and post-scores and are not likelyaiee influenced the change in scores.
Concept maps were administered first, thus, theesaigument does not hold for this
measure of learning. The fact that the pre-visitoept maps were not preceded by the
additional measures allows for the possibility tstaidents may have incorporated
their knowledge from the preceding measures (eajpgthe content knowledge
measure) in addition to their knowledge from tledfitrip into their post-visit maps.

As previously mentioned, the two measures of kndgdeassessed very different

types of learning and understanding, thereforelikeéhood that gains in
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understanding from the content knowledge measansterred to the post-visit
concept maps is small.

The researcher tried to counter additional instmitat@n effects due to the
within subjects design (missing control group) bgating parallel pre- and post-
versions (using different examples in the sameckb@sestion structure) of the content
knowledge instrument. However, it is not possiblstatistically distinguish between
alternate explanations for content knowledge gaicfs+suseum visit, memory, cuing,
and degree of difficulty between versions. Additithy, pre-attitude toward science
guestionnaires were administered two weeks priattitude posttests to decrease the
likelihood of instrumentation effects.

External validity.

The limitations related to external validity arlsecause students were not
randomly selected from the general population of 8ES, African American students
across the nation (Cook & Campbell, 1979). Ratther students came from one
school in one U.S. city and had the same teaclner participating school was
compared to surrounding schools of similar makanp, no important differences
were identified.

External validity is also jeopardized because thdyswas conducted under a
particular set of circumstances. Each of the eviiratisoccurred surrounding the
museum visit could each be viewed as separatetamional treatments (history

effects). That is, the museum visit occurred ateoordinated class lecture, a pre-visit
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orientation, a pretest, and several concept-magmiactice sessions. Other factors,
such as the visiting researcher or even the bescodld have impacted the change in
the dependant scores from pre- to post-visit. EBisearcher visited the school for
months in advance to try to familiarize studentthwier presence and reduce the
impact on students’ outcome scores. Additionalg, Ibus trip could have influenced
students’ knowledge and attitudinal measures; hewekie data do not support this
claim. Given that gains were stronger for topicesiiemeasures (content knowledge,
concept mapping, and attitude toward target togmc) weaker for the general science
attitude measure, it is likely that the topic-foedsexhibits (rather than the non-
focused bus ride) influenced the research reddtiasidering the limitations regarding
external validity, generalizability of the resusmpractical without future replication
as the results may only replicate with like paptits or in like situations.

Future research.

Future researchers may want to gain a larger supged; many of the results,
such as Pre/Post gains in Attitude Toward ScieroeeS, indicated promising effect
sizes that warrant further investigation (see Feguk7 and 18). Researchers interested
in pursuing similar topics may want to employ atcolngroup design, visit the
museum more than once, and use a larger numbeadie¢rs and schools in a wider
range of school districts, counties, and stateseRehers may also want to focus on
gender differences within ethnicity or other ethgiioups, such as Latinos and Native

Americans.
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Implications
“It makes sense for science centers to collabotateool resources, to seek additional
outside funding...” (Ramey-Gassert, 1997, p. 445).

The results of this research help to identify iatéive museum exhibits as
relevant pedagogical tools for children from a I0\B&S, African American culture.
This research identifies hands-on museums as usgberiences that could not only
add to the education of underrepresented studaunmtslso improve attitudes toward
curriculum topics—both outcomes could aid in redgdhe achievement gap. Well-
planned field trips are a cost-effective way toamte learning and attitudes for
underserved children; the entire cost of the figjul($15.84/student) was less than the
cost of a weeklong lecture at the lowest per-studrpenditure ($16.66/student) in
the United States (see Biddle, 2001and Kozol, Hfiive). The results suggest that
field trips are an effective way to improve attisdoward science topics for children
in seventh grade (or higher). Perhaps field trgpgla be used to increase attendance of
children in this age group to OMSI’s after-schodksce clubs. This study suggests
that the Chemistry Lab exhibits at OMSI are relévarthis particular group while
providing suggestions to enhance that relevanoger@he results of this study, it is
imperative that we find a way to get more low-secanomic status, African
American students into interactive science muse@ns. way to do this may be for
museums and other free-choice learning programsetiss Portland Public Schools,

to use this information to increase funding forssl&eld trips and changes toward
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enhancing exhibit relevance from organizations stee in the advancement of

underserved youth.
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Appendix A
Permission slip/ Informed consent
Dear Parent/Guardian,

Your child’s Seventh grade science class will kénia fieldtrip to the Oregon Museum of Science
and Industry (OMSI). This trip is part of a studynducted by me, Toni Dancu, as partial requirement
for a master’s degree in Developmental Psycholadiostland State University and is under the
supervision of Dr. Miller-Jones. Toni Dancu, Ann Xb&ll (the teacher), ICMS* staff, and OMSI staff
hope to discover the benefits of fieldtrips to OM®H the relevance of OMSI exhibits to students who
attend Inner City Middle School*

As part of the study, children will be asked to @bete approximately an hour and a half of typical
classroom activities and tests during class tine dctivities and tests will be used to identifyetiter

the visit to OMSI has increased understanding adsrloom material and attitudes toward science. This
study will help OMSI develop exhibits that are kelat for children from ICMS (or similar schools);
your child’s participation will be critical in aimg to increase OMSI exhibits aimed at your child’s
interests, and fieldtrip funding in your local Rand area. A small class party, with juice, cupcalked
chips, will be provided at the end of the study.

Please note that participation in the fieldtrip /andhe class party is not contingent on parti¢grain
the study. Participation in the study is voluntarnyl students may quit at any time without penalty.
Students will be assigned a number and the infoomalhey provide will be kept confidential.

If you have any questions regarding your child’gipgoation or rights as a participant, please aont
the Human Subjects Research Review Committee, @ffidResearch and Sponsored Projects, 111
Cramer Hall, Portland State University, (503) 72388. If you have any questions about the fieldtrip
or the study itself, please contact Toni Dancuatl®nd State University Department of Psycholdgy,
0. Box 751, Portland, Oregon 97201, (619) 865-802&jancu@pdx.edu

Your signature does not waive any legal claimd)tagr remedies. Please sign and date both copies o
this form; the second copy of this form is for yoecords.
Your signature is required twice for full partictjmn:

l, , allow patticipate in the Portland State
Your Signature Rghild’'s name

University study. Date:

l, , allow patticipate in the fieldtrip to
Your Signature Ri@hild’'s name

OMSI. Date:

Thank you.

" Names have been changed to protect the anonyifritg articipating school and students.
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Appendix B

Informed Assent

The following statement was read to each childrgoggaining verbal assent:

| am conducting a study, which is a special wafyrtd out something. This
study will help OMSI and me find out how fieldtripgs OMSI can make learning in
school easier or more fun and how to make betteibég. This study will involve
your feedback and cooperation prior to and after yieldtrip to OMSI. | will ask you
to fill out questionnaires, do a couple of conampips, and give some feedback to
OMSI and me about the exhibits you see—we wane#y iour opinions. The
information you provide may help make more fielpiérpossible in the future. You
will be able to stop participating at any time, dais. Maxwell will have you do
different assignments while others are filling thé questionnaires. You do not have
to participate in my study in order to go to OMBb you want to participate? Please

let me know if at any time you change your mind.
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Appendix C
NUMBER

146

Pre-content knowledge quiz
1-3. Please draw a line matching the items acrolssmns.

Cabbage Base
Spinach Acid
Soap Indicator

4. Please check all that apply:
An acid:
____a.is always an acid
____b. can be made neutral
____C.can be made into a base
___d. can not be made neutral

5. Please answer True or False:
An indicator measures the pH of a solution.

6. Fill in the blank:

What will you observe (see) if you put an indicatdo a highly basic solution?

7-9. Multiple choice, please circle the best answer

7. If something has LOW pH (ex. 2.0), itis a(n):
a. Base
b. Buffer
c. Indicator
d. Acid

8. When acids are mixed with carbonate compountat happens to the mixture?
a. It changes color
b. It produces gas
c. It turns into salt water
d. It melts

9. When baking soda, calcium chloride, and phegsblare mixed, what happens to the

mixture?
a. It turns blue
b. It gets cold
c. It produces gas
d. It turns into salt water
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Appendix D
KEY
Pre-content knowledge quiz
1-3. Please draw a line matching the items acrolssmns.

Cabbage Bas +1 [comparable to posttakt
Spinach M +1 [comparable to posttest #1]
Soap S Indicator +1 [comparable to posttest #2]
4. Please check all that apply:
An acid:
____a.is always an acid +.5
X _b. can be made neutral +.5

X c¢. can be made into a base +.5
d. can not be made neutral +.5

5. Please answer True or False:
An indicator measures the pH of a solution. ERU +1

6. Fill in the blank:
What will you observe (see) if you put an indicatdo a highly basic solution?
List color or color change = +1;
change or reaction +.5

7-9. Multiple choice, please circle the best answer

7. If something has LOW pH (ex. 2.0), itis a(n):
a. Base
b. Buffer
c. Indicator
d. Acid D= +1

8. When acids are mixed with carbonate compountat happens to the mixture?
a. It changes color
b. It produces gas B=+1
c. It turns into salt water
d. It melts

9. When baking soda, calcium chloride, and phessblare mixed, what happens to the
mixture?
a. It turns blue
b. It gets cold
c. It produces gas C=+1
d. It turns into salt water
Total Possible: 10
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Appendix E
Number

148

Post-content knowledge quiz
1-3. Please draw a line matching the items acrolssmns.

Orange juice Base
Ammonia Indicator
Red onion juice Acid

4. Please check all that apply:
A base:
___a.is always a base
____b. can be made neutral
____C.can be made into an acid
___d. can not be made neutral

5. Please answer True or False:
An indicator measures how acidic or basic a swfuis.

6. Fill in the blank:

What will you observe (see) if you put an indicatdo a highly acidic solution?

7-9. Multiple choice, please circle the best answer

7. If something has HIGH pH (ex. 13.0), it is a(n):
a. Base
b. Buffer
c. Indicator
d. Acid

8. When acids are mixed with carbonate compountat happens to the mixture?
a. It changes color
b. It produces gas
c. It turns into salt water
d. It melts

9. When baking soda, calcium chloride, and phessblare mixed, what happens to the

mixture?
a. It turns blue
b. It gets cold
c. It produces gas
d. It turns into salt water
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Appendix F
KEY

Post-content knowledge quiz
1-3. Please draw a line matching the items acrolssrms.

Orange juice Bas +1 [comparable togstet2]
Ammonia Indicator +1 [comparable to pretest #3]
Red onion'juice —ATI +1 [comparable to psetél]

4. Please check all that apply:

A base:

____a.is always a base +.5
_X_b. can be made neutral  +.5
_X_c. can be made into an acid +.5

d. can not be made neutral +.5

5. Please answer True or False:
An indicator measures how acidic or basic a soilui. TRUE +1

6. Fill in the blank:
What will you observe (see) if you put an indicatdp a highly acidic solution?
List color or color change = +1; change or reactiot.5

7-9. Multiple choice, please circle the best answer

7. If something has HIGH pH (ex. 13.0), it is a(n):
a.Base A=+1
b. Buffer
c. Indicator
d. Acid

8. When acids are mixed with carbonate compountat vappens to the mixture?
a. It changes color
b. It producesgas B= +1
c. It turns into salt water
d. It melts

9. When baking soda, calcium chloride, and pheedlare mixed, what happens to the mixture?
a. It turns blue
b. It gets cold
c. It producesgas C=+1
d. It turns into salt water

Total Possible: 10
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Appendix G
Concept Mapping Introduction

The following instructions will be given verballgnd displayed on a screen :

1) Create a list of terms (concepts) related to Plants
EX: Flowers, Fruit, Soil, Water, Sun, Food, Roots

2) Write the terms (concepts) down on sticky notegands (Provided).

3) Arrange the notes in any way that makes senseuo(ywill do this with them
on the board/projector).

4) Draw arrows between the terms (concepts) to shawthey are related, terms
may be related with several other terms. Labebfaylour arrows.

5) Consider your map, are there any other terms (g@isrgou can add? Are
there any other arrows or relationships you carradd

6) What about adding: Animals and Humans?

**See the next page to view this concept map.

Now let’s try it together with music:

Can you suggest a few concepts: (I will begin gnacess if necessary)?
What arrows should | add?

How should I label these arrows?

| am going to add two more concepts and two ma@nss.

Now, are there any more concepts or relationshgshould add?
Feedback (suggest more relationships, etc.)

One more :

You just had class about (for example) energys lese that. You guys tell me to write
whatever you want, we will make a class concept ataqut energy

What concepts do we need ?

Ex: Kinetic, Potential, electrical, thermal, chealjanechanical, fossil fuels, toaster,
truck
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Appendix H
Number

152

Attitude Toward Science Questionnaire
. Science is something that | enjoy very much.
Strongly Disagree Disagree  Agree  StipAgree

| enjoy talking to other people about science.
Strongly Disagree Disagree  Agree  StipAgree

| like the challenge of science assignments.
Strongly Disagree Disagree  Agree  StipAgree

. Science is one of my favorite subjects.

Strongly Disagree Disagree  Agree  StipAgree

| have a real desire to learn science.

Strongly Disagree Disagree  Agree  StipAgree

| am good at science.

Strongly Disagree Disagree  Agree  StipAgree

| understand most of what goes on in science class.
Strongly Disagree Disagree  Agree  StipAgree

If I had a choice, | would not study any more scen

Strongly Disagree Disagree  Agree  StipAgree
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How do you feel about....

9. Studying science?

Its weak It'snotcool It'sOK It'saol It's tight
10. Becoming a scientist?

Its weak It'snotcool It'sOK It'sool It's tight
11. Going to museums to learn more about science?
Its weak It'snotcool It'sOK It'saol It's tight
12. Working on science projects and activities alone?
Its weak It'snotcool It's OK It'saol |It's tight
13. Working on science projects and activities withes#?
Its weak It'snotcool It'sOK It'sool It's tight
14. Doing science experiments?

Its weak It'snotcool It'sOK It'saol |It's tight
15. Creating ideas for science projects and experirflents
Its weak It'snotcool It's OK It'sool It's tight
16. Learning more about science after school?

Its weak It'snotcool It'sOK It'sool It's tight
17. Looking at books to learn more about science?

Its weak It'snotcool It'sOK It'saol It's tight
18. Telling friends and family what you did in scierdass?
Itsweak It'snotcool It'sOK It'sool It's tight
19. Writing about your daily science activities?

Its weak It'snotcool It'sOK It'sool It's tight
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Appendix |

Number

Attitude Toward Target Topic
How do you feel about....
The following is an example using energy as thgetatopic.
1. Learning why indicators change color in differealusions?
I'sweak It'snotcool It'sOK It'sool It's tight
2. Exploring different types of natural indicators?
I'sweak It'snotcool It'sOK It'sool It's tight
3. Studying how to identify the pH of a solution?
I'sweak It'snotcool It'sOK It'sool It's tight
4. Changing acids into bases and back into acids?
I'sweak It'snotcool It'sOK It'sool It's tight
5. Drawing pictures of the pH scale and items thaatfihigh and low points?
I'sweak It'snotcool It'sOK It'sool It's tight
6. Finding out how different substances mix and crgat?
I'sweak It'snotcool It'sOK It'sool It's tight
7. Watching the colors of a solution change as ycer &thange) the pH level?
Itsweak It'snotcool It'sOK It'sool It's tight
8. Comparing acids and bases (pH, feel, taste, amtioaa with other

substances)?

Itsweak It'snotcool It's OK ’dtcool It's tight
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Appendix J

Chaperone Training for Engagement Ratings

Each of you will be asked to rate each child’s l@feengagement while
at three target exhibits. Ratings will range froowLEngagement (1) to
High Engagement (4). Moderate Engagement is brokertwo
categories—Moderate-High (3) and Moderate-Low B&low are
operationalized definitions of the ratings to guydel in your ratings:

0% (1) 25% (2) 50% (3)75% (4) 100%

High Engagement (4). These children will be on {&88% or more of the time while
they are interacting with the exhibit. On task bhebis will include asking questions
of (or talking with) you, OMSI staff, or each othévoking at the exhibit;
manipulating properties of the exhibit; and/or iegdhe text that accompanies the
exhibit. High Engagement children will exhibit pg emotions, interest, and
concentration while interacting at the exhibit.

Moderate-High Engagement (3). These children valebgaged to a lesser extent than
the High Engagement children. On task behavior lvalexhibited more than 50% of
the time, but less than 75% of the time. Emotiamgrest, and concentration will

likely be mixed (high at times and low at times} more often reflect that of High
Engagement children than that of Low Engagemerhd .

Moderate-Low Engagement (2). These children wilehgaged to a lesser

extent than the Moderate-High Engagement childvabat a greater extent than the
Low Engagement children. On task behavior will kkilkited less than 50% of the
time, but more than 25% of the time. Emotions,redg and concentration will likely
be mixed (high at times and low at times) but naiten reflect that of Low
Engagement children than that of High Engagemeiidrein.

Low Engagement (1). These children will be on fask than 25% of the time. These
children will rarely ask questions, manipulate s of the exhibit, or read the
accompanying text. These children will often credigractions, show negative
emotions, and will exhibit little interest or comteation while at the exhibit.
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Appendix K
Rater Name

Please rate each child’s level of engagement &t @aget exhibit.

1= Low Engagement, 2= Moderate-Low Engagement,
3= Moderate-High Engagement, 4= High Engagement.

Forwards and Backwards
Child’'s # Engagement rating Comments

Reaction, Yes or No?
Child’'s # Engagement rating Comments

Natural Indicators
Child’'s # Engagement rating Comments
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Appendix L
Number

157

Participant Information Form
Have you been to a science museum (such as OM8i¢ ipast two years?
YES NO
If yes, how many times?
1 2 3 4 5+

Peer Participation:

CIRCLE ONE ANSWER FOR EACH STATEMENT

My friends discuss things they have learned innsmeclass...
(1) Less than once a month
(2) Once a month
(3) More than once a month, but less than onceekwe
(4) Once a week
(5) More than once a week

My friends talk about science outside class...
(1) Less than once a month
(2) Once a month
(3) More than once a month, but less than onceekwe
(4) Once a week
(5) More than once a week

My friends enjoy doing science-related activitiegside of class....
(1) Less than once a month
(2) Once a month
(3) More than once a month, but less than onceekwe
(4) Once a week
(5) More than once a week

My friends are interested in science...
(1) Less than once a month
(2) Once a month
(3) More than once a month, but less than onceekwe
(4) Once a week
(5) More than once a week

My friends work on science projects...
(1) Less than once a month
(2) Once a month
(3) More than once a month, but less than onceekwe
(4) Once a week
(5) More than once a week
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Home Information
CIRCLE ONE ANSWER FOR EACH STATEMENT
**Information in parentheses was stated verbaltgra¢ach question was read and students
were informed before they began filling out thisamre to rate it with any subject, not just
science, in mind.
At least one adult in my home helps me with mymscéehomework (or any other
homework)...

(1) Less than once a month

(2) Once a month

(3) More than once a month, but less than onceekwe

(4) Once a week

(5) More than once a week

At least one adult in my home asks what | am legym science class (or any other class)...
(1) Less than once a month
(2) Once a month
(3) More than once a month, but less than onceekwe
(4) Once a week
(5) More than once a week

At least one adult in my home makes me do my seiéoenework (or any other
homework)...

(1) Less than once a month

(2) Once a month

(3) More than once a month, but less than onceekwe

(4) Once a week

(5) More than once a week

At least one adult in my home helps me work on mgree projects (or any other school
projects)...

(1) Less than once a month

(2) Once a month

(3) More than once a month, but less than onceekwe

(4) Once a week

(5) More than once a week
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Appendix M

Number

Qualitative Attitude and Relevance Questions
1) Did you identify with any icons (images, pictures)texts (written passages)

throughout OMSI?
2) How were the icons you recognized or identifiechwelevant (does it have
meaning) to or for you? Please list any icons xistgou saw and describe

why they are meaningful to you and/or why not.

Figure 1 Forwards & Backwards

3) Did the exhibitForwards and Backwardsemind you of anything you have at

home, or anything you have done or seen beforggsifplease explain.
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4) How would you changBorwards and Backward® make it more personal,

meaningful (or even more fun) to you?

Figure 2 Natural Indicators

5) Did the exhibitNatural Indicatorsremind you of anything you have at home,

or anything you have done or seen before? If leasp explain.
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6) How would you changslatural Indicatorsto make it more personal or

meaningful (or even more fun) to you?

Figure 3 Reaction, Yes or No?

7) Did the exhibitReaction, Yes or Na@mind you of anything you have at

home, or anything you have done or seen beforgsifplease explain.

8) How would you changReaction, Yes or Na® make it more personal or

meaningful (or even more fun) to you?
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9) Are there any other exhibits, images, or textswould like to comment on?

10)Of the three exhibits in the Chemistry Lab, whicteavas your favorite and

why?
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Appendix N
Overview of Schedule of Procedures.
Monday Tuesday Wednesday Thursday Friday
Week one *Concept
2/23-27 mapping
training
Week two *Concept
3/1-5 mapping
practice
Week four *Concept
3/15-19 mapping
practice
Week eight *Fieldtrip
4/12-16 permission
slips
Week nine *Pre-attitude « Concept « Concept
4/19-23 toward mapping mapping
science practice practice
*Personal
information
form
Week ten *Acids and *Acids and *Acids and *Acids and *Acids and
4/26-30 bases bases bases bases bases
curriculum curriculum curriculum curriculum curriculum
Week *Pre-concept *Fieldtrips *Post *Party
eleven maps concept
5/3-7 *Engagement maps
*Pre-content ratings
knowledge sPostcontent
knowledge
*Pre-attitude
toward target «Post
topic attitude
. . toward
*Orientation science
*Postattitude
toward
target topic
*Qualitative
guestionnaire




