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Abstract Creative drama activities designed to help children learn difficult sci-

ence concepts were integrated into an inquiry-based elementary science program.

Children (n = 38) in an upper elementary enrichment program at one primary

school were the participants in this action research. The teacher-researcher taught

students the Full Option Science SystemTM (FOSS) modules of sound (fourth grade)

and solar energy (fifth grade) with the integration of creative drama activities in

treatment classes. A 2 9 2 9 (2) Mixed ANOVA was used to examine differences

in the learning outcomes and attitudes toward science between groups (drama and

non-drama) and grade levels (4th and 5th grades) over time (pre/post). Learning was

measured using the tests included with the FOSS modules. A shortened version

of the Three Dimension Elementary Science Attitude Survey measured attitudes

toward science. Students in the drama treatment group had significantly higher

learning gains (F = 160.2, p \ 0.001) than students in the non-drama control group

with students in grade four reporting significantly greater learning outcomes

(F = 14.3, p \ 0.001) than grade five. There was a significantly statistical decrease

in student attitudes toward science (F = 7.5, p \ 0.01), though a small change.

Creative drama was an effective strategy to increase science conceptual learning in

this group of diverse elementary enrichment students when used as an active

extension to the pre-existing inquiry-based science curriculum.
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Introduction

The National Science Education Standards acknowledge that scientific literacy

through the understandings of the science content standards ‘‘cannot be achieved by

any single teaching strategy or learning experience’’ (National Research Council

(NRC) 1996, pp. 34–35). Inquiry, though the preferred approach for science

education, should not be the only single approach to science teaching and learning.

Research supports the need for multiple teaching strategies in order to better address

the learning and behavioral needs of elementary children (Baker 2005). The role of

language, especially for young children, plays a key role in developing science

literacy (Tippett 2009). Language requires social interaction where learners

construct scientific meaning as they interpret and reflect upon events through

previous knowledge. Social constructivist models of teaching emphasize the need

for collaboration and dialogue between teachers and students (Kim 2001).

Knowledge is socially constructed, negotiated, validated, and communicated in

conversations between teachers and children while pursuing transactional discourse

about meaning in science. Conceptual learning among children stresses the need for

teachers to monitor children’s views, bringing them to open discussion of science

based on evidence toward more fruitful conceptions (Hewson and Hewson 1988;

Tytler 2002). To understand science conceptually both the learner and the teacher

must be able to successfully anchor and bridge conflicting views or alternative

conceptions during instructional time in order to assist children in explaining,

communicating, and predicting science phenomena (NRC 2000). In this process

alternative conceptions held by elementary children are the catalysts for further

development of accepted conceptual learning in science (Pine et al. 2001).

Creative drama, as a method to teach and authentically assess science, follows a

social constructivist model that mirrors the process of teaching for conceptual

understanding. Creative drama in science helps students communicate ideas, reason

critically, and work cooperatively with others in a social group (Braund 1999). The

practice of creative drama has been defined by Davis and Belm (1978) as an

improvisational, non-exhibitional, process-centered form of drama in which partic-

ipants are guided by a leader to imagine, enact, and reflect upon human experience.

Examples of creative drama include role-playing, improvisation, pantomime, and

script writing. In science, creative drama becomes the structured lesson tool that

allows for student exploration into the abstract and sometimes difficult concepts of

science in order to learn science (Braund 1999; Kamen 1991; Osmond 2007).

Emphasis and attention is given to knowing the students’ deeper conceptual

understanding about science. Students must tap into their ideas and conceptions of the

science phenomenon under study as they act it out in some fashion before the class.

The dramas often act as creative models of science that rely upon student imagination

for better understanding scientific phenomena that cannot be seen, such as in energy

transfers (Taber et al. 2006). Use of creativity and imagination in modeling in science
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is an essential part of how science works (Walsh and Edwards 2009). Indeed,

scientists’ development and use of analogies to explain scientific concepts have long

been viewed as a creative process essential to scientific understanding (DeCruz and

DeSmedt 2010; Martin 2010). Also, creative drama fosters high levels of student

engagement with ideas through collaboration with peers. It is based on constructivist

ideas about the nature of language and thought with deeper understanding in science

based on using kinesthetic awareness (Osmond 2007).

To illustrate the potential of creative drama to learn science, teacher-researcher

Linda Perkovic (1997) explains how her students came to learn about electric

current in order to build further understanding:

The room was quickly rearranged, students became electrons. These electron-

students walked around as if in a circuit. Chairs (resistors) were then added

into the circuit and students had to slow down to climb over them. Therefore,

they quickly obtained the image of electric current as moving electrons and

resistors as things which slow down the flow of electrons. They then

proceeded to act out what happens when the dial on the transformer was

turned up. The function of the ammeter was then introduced by having one

student take on the role of an ammeter and count the number of electrons

(students) that passed a point in time. (Aubusson et al. 1997, p. 570)

Moving beyond the models and diagrams often used in science texts, the students in

this scenario were able to grasp and understand electric current in a more personal and

‘affective’ way, involving physical movement and role-playing to create the analogy

of moving electrons in a circuit (Aubusson et al. 1997). This active, experiential

learning is the foundation for conceptual change models of teaching science.

There is a need to further study the elementary classroom and teaching methods

that nurture and reflect inquiry, debate, creativity, and the principles of conceptual

change models in science teaching (NRC 2007). Creativity has been one of the

tenets of the nature of science in how scientists explain and understand phenomena

through models and theories (Lederman 1992). Duveen and Solomon (1994) have

shown that students find creative dramatic role-playing in science ‘‘memorable,’’

and can employ it in order to construct authentic meanings of the nature of science

(p. 576) as well as improve conceptual understanding of science. Creativity

development through creative drama is important in problem solving and can lead to

scientific findings (Sternberg 1988). Shanahan and Nieswandt (2009), addressing

the need for creativity in the science classroom, expressed the following:

If we are attempting to prepare students to understand and use science either as

professionals or as informed responsible citizens, then it seems very surprising

that something deemed essential to both professionals in science and to the

development of the discipline itself is not more thoroughly addressed in science

education. Science students need to know that scientists are creative individuals

who use their imagination to discuss, explain, and hypothesize in science. (p. 6)

The purpose of this action research study (Mills 2000) where the classroom teacher

was the principal researcher of her practice was to investigate if an inquiry-based

science curriculum could be empirically enhanced with the integration of creative
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drama activities. A quasi-experimental approach included control and treatment

classes. More specifically, the purpose of this research was to determine if there were

differences in science learning outcomes and attitudes toward science when creative

drama was integrated into an inquiry-based science curriculum: (a) between treatment

and control groups, (b) between grade levels, and (c) over time.

Literature Review

Ward (1957) long ago related the idea that creative drama is an activity for the whole

child that grows from ‘‘not having knowledge poured in by the teacher, but rather

from participating in activities that challenge his deepest interest and highest

powers’’ (p. 17). Children had the opportunity to express ideas through experiences in

‘‘thinking on their feet’’ (Ward 1957, p. 8). Children’s abilities in oral communication

and debate of one’s ideas, skills generally needed by citizens living in a democracy,

are enhanced as they engage in expressing ideas through creative dramatics (Ward

1957). This ability to ‘‘think on one’s feet,’’ as Ward expressed, would also be an

important process skill for elementary students in science classrooms where debate

and communication of ideas are encouraged based on evidence and inquiry (NRC

2007). Research supports the wealth of benefits and particularly the academic gain to

students and schools who are supported in the arts (Catteral et al. 1999; Gullatt 2007).

Findings support that ‘‘the performing arts and visual arts challenge students to use

reasoning skills, draw conclusions, and formulate ideas’’ (Gullatt 2007, p. 212).

Today, science reform is calling for best practice methods that facilitate the

development of these same skills in science learners (NRC 2007).

Social constructivism holds that the nature of knowledge is not fixed and

transmitted by a single authority figure, but knowledge is socially constructed, and

reality is created during physical and social activity (Cole 1978). Creative drama

supports the social constructivist paradigm that the learner makes meaning through

firsthand experience in a social setting with an informed facilitator. When applied to

science education, creative drama can foster the learning process in science by

adapting and applying acquired knowledge from hands-on lab experiences to new

problems and settings (Ariel 2007). Creative drama helps students to clarify and

monitor their science learning through discourse and feedback because students, along

with their teachers, are actively evaluating their understandings, seeking clarification

and feedback from the teacher and each other as they engage in creating the science

drama (Ariel 2007; Kamen 1991). Activities associated with creative drama such as

pantomime and improvisation can create a transactional learning pathway in order to

help students build deeper understanding of concepts. Shared meanings enhanced by

pantomime and improvisation which are grounded on prior knowledge will lead the

teacher-facilitator to help students construct deeper understanding of concepts while

clarifying alternative conceptions in science. Creative drama also utilizes kinesthetic

awareness to better understand disciplinary content (Osmond 2007). Pantomime, for

example, engages the kinesthetic learner while providing the drama facilitator a

vehicle to transport conversation among and with students. According to Wee (2009),
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using the body expressively is not encouraged in school; instead, academic subjects

and cognitive development are given greater emphasis.

Much of what researchers have published about creative drama and its creative

component supports its use as an instructional strategy in helping students use

higher level, critical thinking skills in order to learn science at a deeper level (Ariel

2007; Kamen 1991; Walsh and Edwards 2009). Kamen (1991) describes creative

drama as a spontaneous group process that uses imaginative play-acting to help

students and teachers actively explore, while applying meaning to many abstract

science concepts. In his study, children had positive gains in science achievement

through teacher-led creative drama activities (Kamen 1991). Much like the

approach to science teaching inherent in conceptual change learning, creative

drama can be a tool for deeper learning that seeks to involve the student in an active

approach to explain evidence and to relate ideas to prior knowledge in order to

develop important insights in science (Metcalfe et al. 1984).

Aubusson et al. (1997) found that students who had shown little interest in school

science, and those that preferred a kinesthetic approach to learning, used dramatic role-

playing with effective results in science understanding. Additionally, they found that in

non-threatening, science-friendly classrooms, shy students, who would not otherwise

engage in higher level thinking discourse, acquired a means to express and think aloud

about science (Aubusson et al. 1997; Ladrousse 1989). Role-playing clarified and

supported the learning of students who were at different levels of understanding:

…Students operated in three ways as the role-play allowed students with

different understanding and different aptitudes to learn in different ways.

Firstly, for some students role-play was a way of demonstrating understanding

that they already had about science phenomena. These students, for example,

already understood the electric current or gaseous exchange and they could

apply this understanding in a role-play. Secondly, it was a mechanism students

could use to construct an understanding about science phenomena. The

students discussed and refined their ideas as they developed better role plays.

And thirdly, it provided experience which modeled scientific phenomena

initially not understood. (Aubusson et al. 1997)

In another research study, creative drama was found to provide an alternative science

learning strategy to lower achieving students in developing deeper scientific

understanding (Metcalfe et al. 1984). Students were better able to relate ideas to

previous knowledge and experience by relinquishing an egocentric viewpoint of looking

at things while participating in creative role-playing in science. The study concluded that

deeper meaningful learning, as opposed to surface learning, had occurred as

demonstrated by student acquired expertise in explaining evidence and conclusions,

while relating the ideas to previous knowledge and experience (Metcalfe et al. 1984).

This action research study set out to determine if creative drama’s impact on

conceptual learning and attitudes toward science could meaningfully enhance an

already existing inquiry-based elementary program at this school that utilizes Full

Option Science System (FOSSTM) kit-based curricula and materials. As an action

research study, the classroom teacher was the principal researcher of her own practice in

wanting to test out a promising innovative approach to active learning (Mills 2000). It
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was hypothesized that the integration of creative drama activities would help children’s

deeper understanding of the conceptual ideas taught through the FOSSTM curriculum as

well as improve attitudes toward science. As a form of action research, this research

study could ‘‘both solve practical problems and contribute to scientific theory’’ (Bray

et al. 2000, p. 34) regarding the use of creative drama in science classrooms. Research

supports the improvement of children’s achievement and attitudes toward science when

using a hands-on approach like the FOSSTM curriculum in elementary grades over

traditional approaches (Foley and McPhee 2008; Frederick and Shaw 1999; Leach

1992; Ruby 2006; Young and Lee 2005). But, could achievement and attitudes improve

further through the integration of a second active means of student engagement as

Aubusson et al. (1997) suggest? It was further theorized by the researcher that the

process of doing creative drama shared many of the same objectives of teaching science

based on conceptual development models which stress discourse, inquiry, problem

solving and the interchange of student ideas about science.

Theoretical Framework for Use of Creative Drama

Current effective instructional practices call for teachers to develop deeper

conceptual learning in students while utilizing meta-cognitive strategies or the

skill of knowing how to learn by monitoring progress and practicing self-evaluation

(NRC 2000). Current teaching models in science that can help students monitor

progress through continuous evaluation include models like the Glasson Learning

Cycle (Glasson 1993; Tytler 2002). Glasson has offered a learning model that is

more in line with social constructivist theory as a guide for current best practice in

science thinking (See Table 1). The important aspect of this model is that students’

prior ideas are taken into consideration which invites students to reflect on their

understanding, to test their ideas and to change views, if needed, based on scientific

discourse and evidence. This model was selected over other models of the learning

cycle because of its reliance upon student discourse, presentation, and debate in

each step of the learning process. It has a component of building consensus with

others in the learning community, which is primarily social in nature.

When applied to the use of creative drama, the Glasson Learning Cycle provides a

framework for structuring the creative drama experience and lessons. After initially

completing a series of inquiry-based lessons on a specific science concept, students

come together as a small class or in groups to prepare a creative drama depicting the

concept in action. Students work together to first discuss their ideas for dramatizing a

science concept or idea as the ‘preliminary’ phase of the Cycle. They formulate their

drama based on collaborative student thinking and class consensus developed from

previous science lessons on this concept. They then act out their drama as the ‘focus’

phase. Through their presentation the teacher facilitates dialogue and discussion on

the nature of their depiction of the concept in question. This is the ‘challenge’ phase

of the Cycle. Lastly, in the ‘application’ phase, students meet again to refine their

drama to better reflect scientific views as discussed as a class.

The creative drama activities implemented in the study were introduced after the

students had some inquiry-based experience with the targeted science concepts
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using the FOSSTM curricula. Creative drama activities related to the science content

of the investigations in two different FOSSTM modules, The Physics of Sound and

Solar Energy, and were integrated within each module (See Appendix 1). The

teacher developed and modeled the initial creative drama activities for each module,

emphasizing storytelling and role-playing. Afterwards, students created their own

stories and skits for acting-out through role-playing and improvisation.

Methods

Participants and Context

The instruction took place in the fall semester of 2010 in an elementary school

located in a small town in the southeastern region of the United States. Students

designated as receiving free and reduced lunch make up 61.6 % of the population.

The elementary school where the research took place is designated as a Title One

school. The consented participants in this study consisted of 38 students identified as

Table 1 Glasson’s learning cycle

Phase Teacher activity Pupil activity

Preliminary Explores student views and classifies these

Explores literature about science views and

evidence which challenges student

alternative conceptions

Completes surveys or activities designed to

identify existing ideas

Focus Establishes a context.

Provides motivational experiences.

Ask open-ended questions of individuals.

Interprets and clarifies student’s views.

Becomes familiar with materials used to

explore the concept. Clarifies own view to

the class or group through discussion or

poster display

Challenge Facilitates exchanges of views.

Ensures all views are considered.

Keeps discussion open.

Suggests demonstrations or experiments as

necessary.

Presents the evidence from the scientists’

views.

Accepts the tentative nature of the students’

reactions to the new view.

Considers the view of others in the class,

evaluating these.

Tests the validity of different answers by

seeking evidence.

Compares the science view with views of

students.

Application Contrives problems which are simply and

elegantly solved using the accepted

science view.

Assists students to clarify the science view,

asking that it be applied to a range of

situations.

Teacher joins in, stimulates and contributes

to discussion of solutions to problems.

Helps in solving advanced problems.

Solves practical problems using the concept

as a basis.

Presents solutions to others in class.

Discusses and debates merits of the science

view, and critically evaluates its use in

different situations.

Suggests further problems arising from the

application of the science view.
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‘talented and gifted’ by the school system. They were pulled from their self-

contained classrooms once each week for a 95-min enrichment class. Participants

were in two enrichment classes of fourth (N = 22) and two enrichment classes of

fifth (N = 16) grade students, ages nine and ten respectively. One class in each

grade served as the treatment group where creative drama activities were integrated

into the teaching of an inquiry-based curriculum. This curriculum was part of the

inquiry-based science program in the self-contained classrooms at this school. In

this study, the enrichment students in fourth grade classes studied the FOSSTM

Physics of Sound module while the fifth grade enrichment students studied the

FOSSTM Solar Energy module. Neither of these modules had been taught in any of

their self-contained classrooms before or during this study. The ethnic and gender

breakdown of the participating students is in Table 2.

Selection of students for the gifted and talented classes for instruction is based on

Joseph Renzulli’s model of school-wide enrichment. This type of enrichment

program is a state-approved alternative program to Individualized Educational Plans

(IEP) used in traditional talented and gifted programs. Renzulli’s school-wide model

targets three areas of behavioral dispositions used in the identification of talented and

gifted students: Creativity, above average ability, and task commitment (Renzulli

1977). The school’s teachers and enrichment specialist identify children as talented

and gifted. Parents/guardians are informed of the selection, and permission letters are

sent home requesting parental consent to serve the student in the enrichment program.

The primary researcher in this study, who taught the FOSSTM units on sound

physics and solar energy as well as the creative drama activities, was the enrichment

teacher for fourth and fifth grade students. This teacher held teaching certification in

elementary education and in drama and speech communication. She was also an

experienced teacher in the use of the FOSSTM materials. As the teacher in this study,

her primary task was to make certain that the creative drama activities were connected

to the science concepts taught in the inquiry modules. In addition, through the

exchange of ideas and questioning of students, the teacher served to clarify the drama

activity while guiding the students to connect the science to the role-playing they were

undertaking. The teacher used the ‘‘drama coach as facilitator approach’’ whenever

students wrote skits, improvised songs, and in the case of the fourth grade class,

developed an original puppet play on how vibrations or sound waves need a medium

through which to travel. This teaching approach meant the teacher encouraged student

creative thinking and action, and helped redirect their efforts as needed. Otherwise,

Table 2 The gender and ethnic composition of the fourth and fifth grade study population

Male Female

Caucasian

(%)

African

American

(%)

Asian Pacific

Islander (%)

Caucasian

(%)

African

American

(%)

Asian Pacific

Islander (%)

Grade

4th grade 35 25 10 20 10 0

5th grade 35 15 0 15 30 5
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the students improvised their own skits, puppet play, raps, creative movement, music,

characters, and props in revealing their understanding of the science phenomena

investigated in the FOSSTM modules.

Data Collection and Analysis

This quantitative study used a quasi-experimental, pre/post design for measuring

student achievement and attitudes toward science. The teacher also kept daily field

notes on her students in the treatment classes when they were implementing creative

drama lessons. These notes were recorded during and after enacted lessons. The

teacher particularly noted points of dialogue and thinking between the students (e.g.,

conversations) and her thinking and interactions with the students in facilitating

student dramas. Selections from these notes were used to create sample episodes of

these interactions to help understand the nature of the creative drama lessons in

practice and add greater validity to what took place in the classroom. In this regard,

this action research study was more pragmatic than a strict traditionalist approach

that would rely solely on quantitative data (Bray et al. 2000).

A 2 9 2 9 (2) Mixed ANOVA was used to examine differences in the learning

outcomes and attitudes toward science between groups (drama and non-drama) and

grade levels (4th and 5th grades) over time (pre/post). Gender and race were not

considered in the analysis because of the lower overall numbers of participants. All data

were analyzed using the Statistical Packages for the Social Sciences (SPSS) computer

software (version 19.0). A significant level of 0.05 was set for statistical analysis. The

independent variables in this research are defined as group and grade. The dependent

variables in the study are defined as science learning outcomes and science attitudes as

measured by the FOSSTM pre and post-test in sound physics and solar energy, and the

Three Dimension Elementary Science Attitude Survey (TDSAS), respectively.

Participants in Group A (treatment classes) and Group B (control classes) of the

study were members of the small group enrichment classes and attended morning or

afternoon classes based on the school’s master scheduling of small group

enrichment. Drama treatment groups (Group A) consisted of one fourth grade

class (n = 9) and one fifth grade class (n = 10) of small group enrichment students.

The study’s non-drama control groups (Group B) consisted of one fourth grade

small group (n = 12) and one fifth grade small group of enrichment students

(n = 7). Students were not assigned to these classes by random assignment, but

were pre-enrolled following routine scheduling by the administration.

All fourth grade participants were taught eight investigations in the physics of

sound and all fifth grade participants were instructed in eight investigations in solar

energy. Two investigations per class were taught in a seven-week time frame to the

treatment groups and the control groups. To ensure that the science lessons were

identically taught in treatment and control classes for fourth and fifth grades, the

teacher followed the exact script and sequence of lessons provided in the teacher’s

guide for the FOSSTM modules in each grade. Only the drama treatment groups

received the creative drama integration after each FOSSTM investigation and before

beginning the next investigation (see Appendix 1 for further details). Lesson plans

for each of the four classes documented this enactment. While the treatment classes
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were integrating creative drama after the completion of FOSSTM activities, the

control classes participated in more traditional follow-up discussion about their

learning from the kits that included a summary and review session. Such sessions

often included games for review of key concepts and terms from the modules.

The FOSSTM pretest assessment for sound physics was administered to the fourth

grade treatment and control groups prior to the science instruction in the

investigative modules. The same posttest was repeated at the conclusion of the

eight investigations. The TDSAS survey measuring student attitudes toward science

was given to the students at the beginning and then again at the end of the

investigations. This pre/post design procedure was the same for the fifth grade

treatment and control groups in the study of solar energy.

In order to reduce teacher bias in the scoring of tests, an outside colleague whited

out the names of the students and other identifying information on tests prior to

evaluation by the teacher. Tests were assigned numbers. The tests were evaluated

based on the scoring guide and rubrics supplied by the FOSSTM teacher’s guide. The

teacher followed strict adherence to the FOSSTM scoring guide’s exact wording and

numerical rating values for consistency. These nominal ratings ranged from a high of

4 on short answer items to a high of 2 on forced-choice items with justification. These

few choices for scoring (4, 3, 2, or 1) with their associated descriptions made scoring

simpler for each item response because of clear differences between few categories. In

addition, a second reviewer checked this scoring for each test to check the teacher’s

adherence to the scoring guide. This helped to ensure greater validity to the scoring.

Instrumentation

FOSS Tests

The instrumentation used in this study included the Full Option Science SystemTM

(FOSS) Pre/Posttest and the Three Dimension Elementary Science Attitude Survey

(TDSAS) (see Appendix 2). FOSS is an ongoing, 20-year, research-based science

curriculum for grades K–8 developed at the Lawrence Hall of Science, University of

California at Berkeley. The Physics of Sound Pre/Posttest survey analysis

(N = 307) revealed Cronbach’s Alpha at 0.73. Item separation reliability is

reported as 0.944. The Solar Energy pre/posttest survey analysis (N = 148) showed

Cronbach’s Alpha as 0.74. Item separation reliability is reported as 0.978 (K. Long,

personal communication, July 5, 2011). In the present study, Pearson’s Correlation

revealed test–retest reliability of the FOSS pre/post survey instrument as acceptable

at 0.713 (p \ 0.001).

The Pretest/Posttest Surveys in both FOSS kits used in this study contain coding

guides for each science concept taught in the FOSS Investigations. The coding

guides contain model student responses. The higher numbers are connected to a

more complete student answer. Numerical values for The Physics of Sound have a

possible total of twenty points and numerical values for Solar Energy has a possible

of twenty-five points.
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TDSAS Attitude Survey

A shortened version of the Three Dimension Elementary Science Attitude Survey

(TDSAS) was administered to the elementary students in this study (Zhang and

Campbell 2010). The TDSAS is a five-point likert scale science attitude survey

based on the tripartite theory of attitudes and consisted of three constructs: Student

affective feeling about science, student cognitive judgment of science based on

values and beliefs, and student behavioral tendencies in learning science. Internal

consistency and internal reliability measures using Cronbach’s Alpha for the three

TDSAS subscales ranged from 0.65 to 0.83, which is considered moderate internal

consistency (Bland and Altman 1997). The decision to use the TDSAS was based on

several research findings that suggest student science attitudes are linked to student

achievement and motivation in taking science courses and pursuing science related

careers (Alsop and Watts 2003; Haladyna et al. 1982).

Twelve of the original 28 items were selected for this study with equal numbers in

each construct category. Questions 5, 6, and 12 on the TDSAS survey were reversed for

consistency. The decision to shorten the survey was based on targeting the ‘best’

questions for the context of this study population and to reduce the time required to take

the survey. In the present study, Pearson’s Correlation revealed a test–retest reliability

of the shortened TDSAS survey instrument as acceptable at 0.613 (p \ 0.001).

Cronbach’s Alpha revealed acceptable internal consistency (r = 0.752, p \ 0.001).

Thus, value validity could be claimed for the shortened instrument, even though

construct validity could not be claimed. Participating students completed all items.

Results

The primary goal of the study was to determine if the inclusion of creative drama as

an integration into an existing inquiry-based science program improved students’

understanding of science and attitudes toward science better than the inquiry-based

program alone. The analysis sought to determine if there were any significant

differences in learning outcomes and science attitudes between groups (treatment

and control), between grade (fourth and fifth), and between group and grade. The

study included the additional aim of determining if the inclusion of creative drama

in science instruction increased positive attitudes toward science significantly better

over time than inquiry-based instruction alone. Lastly, in describing the nature of

student and teacher interactions and dialogue through the creative drama process,

classroom episodes based on teacher field notes were selected from the teaching of

the concepts from the FOSSTM investigation, Good Vibrations. These episodes were

rich in description of the typical interactions in creative drama enactment.

Learning (FOSS)

The FOSS and TDSAS descriptive summary in Table 3 reports the changes in

learning outcomes and the TDSAS attitude changes as mean scores over time.

Overall, there was a significant main effect for grade level (F = 14.3, p \ 0.001)
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with students in grade four achieving significantly greater learning outcomes

(M = 29.2) than students in grade 5 (M = 24.8). There was also a significant

increase in learning over time (F = 160.2, p \ 0.001), increasing from 23.1

(SD = 0.67) on the pre-test to a mean of 30.9 (SD = .66) on the post-test. This

difference over time, however, was dependent on the instructional group as

evidenced by the interaction effect between time and group (F = 11.3, p \ 0.01).

More specifically, students in the drama treatment group (Group A) increased their

science learning significantly more than students in the non-drama control group.

Table 4 provides the effect summary of the ANOVA findings. The changes for each

treatment group (summarized in Table 5) indicate a 9.8 point increase for students

in the treatment group (Group A) compared to a 5.7 point increase for students in

the control group (Group B).

Table 3 FOSS and TDSAS descriptive summary

FOSS TDSAS

Pre Post Pre Post

Mean (SD) Mean (SD) Mean (SD) Mean (SD)

Group A (drama)

4th grade 24.7 (4.4) 35.0 (3.0) 33.6 (2.9) 32.5 (5.9)

5th grade 21.9 (3.9) 31.1 (5.1) 32.6 (3.7) 31.3 (3.9)

Group B (non-drama)

4th grade 25.4 (4.0) 32.0 (4.3) 33.7 (3.0) 31.7 (4.4)

5th grade 20.7 (3.4) 25.4 (2.5) 33.0 (3.3) 30.2 (5.3)

Table 4 Summary of mixed ANOVA findings

Effect Learning outcome Science attitude

(FOSS) (TDSAS)

F F

Group (drama/non-drama) 3.7 0.07

Grade level (4th/5th) 14.3*** 0.78

Group 9 grade level interaction effect 0.93 0.001

Time (pre/post) 160.2*** 7.6**

Group 9 time interaction effect 11.3** 0.77

Grade level 9 time interaction effect 1.4 0.13

Group 9 grade level 9 time interaction effect 0.10 0.03

p \ 0.05, ** p \ 0.01, *** p \ 0.001)

Table 5 FOSS test summary

Group FOSS pre FOSS post Change

A = drama 23.3 33.0 9.77

B = non-drama 23.0 28.7 5.67
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Science Attitudes

Science attitude data in this study reported a slight decrease of 1.8 in overall attitude

scores over time for all groups from a pre survey mean of 33.3 (SD = 3.1) to a post

survey mean of 31.5 (SD = 4.8). The overall change from pre to post although

small was statistically significant (F = 7.5, p \ 0.01).

Good Vibrations: Classroom Episodes

In one classroom episode in this study, which was sequenced after the FOSSTM

investigation of Good Vibrations, the conversations overheard by the teacher as the

students planned and organized their skits on how sound travels revealed much

of what the students were thinking and understanding about sound vibration

investigations. The language of science was at full play when the abstract idea of a

sound wave came up. As the children discussed what they were going to act out,

they were reminded that a sound vibration and a sound wave were one and the same

thing. One student declared, in all seriousness, that it was not the same kind of wave

when you tell your mother good-bye. Rather, ‘‘it is a science meaning of the word

sound wave!’’ [Teacher field notes] Very often for children trying to learn science, it

can be a style of language that does not match everyday talk.

Dramatizing the science concepts by the children led to the connection that a sound

wave is a rapid back and forth motion that produces sound. From this idea came the

realization that they could pretend to be sound sources and jump back and forth while

shaking their arms. Listening to the conversation at this point, it was clear that teacher

intervention could move the mental image of sound vibration further by asking, ‘‘How

could you act out a vibrating sound source being directed through air?’’ [Teacher field

notes] As the children decided to role-play air molecules, they experimented with the

best way to present their model. This consisted of deciding on the best way they could

use their bodies to show molecules being pushed on other molecules causing the

sound to travel out from the source in all directions.

In another point of entry, the teacher asked the students how they could visually

demonstrate a slow moving sound source vibration. Without hesitation, one member

of the class suggested that ‘‘our bodies could be vibrations and act out the slow rate

of vibration by putting every body movement in slow motion like in a movie!’’

[Teacher field notes] The children lowered the pitch of their voices to suggest the

rate of a low-pitched sound. They then proceeded to experiment with what a lower

pitch vibration might look like (if you could see it) by slowing down and

exaggerating the body movement of ‘‘running in place’’ while swaying the torso and

arms as if in a slow motion movie. At this point in the process it was noted in the

researcher’s field notes the importance of the teachable science moment in

facilitating group discussion on how the rate of vibration affected pitch based on the

observations of the FOSS tone generator. The children’s reactions and conversation

provided data for reflection and recall of the importance of intervention at such

teachable moments in order to keep the role playing and ‘‘science talk’’ on task. In a

subsequent lesson, the teachable moment came as a delightful surprise to the

researcher when the students looked into the built-in speakers of the classroom
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electric piano keyboard and called out, ‘‘Look the dust in the speaker hole is

jumping around and vibrating when Julia plays!’’ [Teacher field notes].

Discussion

Creative drama in this study as in others (Aubusson et al. 1997; Ariel 2007; Kamen

1991; Metcalfe et al. 1984) was an effective extension activity that can increase student

learning in science. Although this study was conducted in special enrichment classes for

gifted students, it could be applied to regular education classrooms, particularly with

lower achieving students (Metcalfe et al. 1984). Indeed, the FOSSTM program utilized

as the inquiry component of the lessons in this study is designed for use with all children

in science classrooms. In this study, significant learning gains occurred for the creative

drama classes above expected gains from the FOSSTM inquiry-based science

curriculum that is shown to increase student achievement (Frederick and Shaw 1999;

Leach 1992; Ruby 2006; Young and Lee 2005). Creative drama provided an additional

means of active learning through a creative modeling approach that readily engages

students in thinking about abstract concepts in science (Aubusson et al. 1997; Osmond

2007; Taber et al. 2006; Walsh and Edwards 2009). Ariel (2007) found that creative

drama helped students to remember both scientific process and vocabulary because of

the affective and kinesthetic nature of learning through creative drama:

Creative drama is a tool that promotes understanding and does not emphasize

memorization. Students remember process and vocabulary that they use in

their skits or in the creative drama games because creative drama affects

students through all senses and multiple intelligences. (Ariel 2007, p. 133)

As Ariel suggests, strategies like creative drama that promote understanding rather

than memorization in science reveals one aim of conceptual models for learning.

Students construct and re-construct their knowledge from the creative drama

experience while seeking understanding of scientific phenomena (Davis 2003).

Specific creative activities in the drama formats of skit writing and improvised role

playing performed by children can help teachers and their students uncover student

ideas and understanding in science. For example, uncovering a student’s initial idea

about the nature of waves in science versus everyday understanding or the

realization that a sound wave is a back-and-forth movement of matter. Once

uncovered, students’ conceptions can be interrogated through dialogue, discussion,

and debate among students in order to help lead students to more complex

understandings (Hewson and Hewson 1988; NRC 2007). The role of the teacher in

taking advantage of teachable moments or fruitful moments in impacting student

thinking and subsequent action is critical in this process, particularly in linking

dramatic action to scientific phenomena. The Glasson Learning Cycle provides an

appropriate framework for structuring student-centered dialogue in the creative

drama process from initial ideas to challenging emergent learning and ultimately

deeper understanding and application (Glasson 1993; Tytler 2002).

In conceptual learning models of teaching, priority is given to the value of

exploration in science which precedes and supports children’s efforts to explain and
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make meaning of the science content either in concept discovery or extensions

supported through conversations between the teacher and student (Gallagher 2007;

Glasson 1993; Kim 2001). Conceptual learning models also provide opportunities for

the identification and resolution of alternative frameworks in science that may impede

further development and growth in science (Georghiades 2000; Pine et al. 2001). For

example, students must understand the nature of waves and their effect on matter before

they can begin to deeply understand the nature of frequency and pitch. The nature of

what happens when students engage in role playing as a necessary component of

making abstract science phenomena understandable is that students and teachers often

engage in the conversations and language interchanges that uncover understanding as

well as identification of any alternative conceptions students may have in science

(Kamen 1991). The model development and language engagement of role-playing, skit

making and improvisation that define the creative drama format provides additional

opportunities between teacher and student for learning science as a communal creative

process (Martin 2010), above-and-beyond the use of hands-on materials in inquiry-

based curricula. The result is an additional strategy that offers deeper science learning

aimed toward fuller meaning and understanding of abstract science concepts. Such a

strategy could also benefit English Language Learners in understanding science

through inquiry and drama, the visual and kinesthetic aspects of it.

In this study, students in the fourth grade outperformed students in the fifth grade

in learning gains. The lower learning gains made by the fifth grade students may be

in part due to the more difficult nature of the concepts and skills that made up

the solar energy curriculum. Test results revealed that fifth grade students in both

the treatment and control classes had difficulty in interpreting and sequencing the

shadow illustrations in the FOSSTM Solar Energy module. These illustrations tested

understanding of shadow length changes from sunrise to sunset. Additionally, fifth

grade students had difficulty on two items requiring the utilization and application

of graphing skills. These skills were not re-emphasized through creative drama,

which works better with re-enacting concepts. Learning still improved for all but

one of the fifth grade students who declined one point.

All students across grades showed a slight decline in attitudes toward science.

The decrease in positive attitudes toward science across grades, although small, was

statistically significant. Generally, science attitude statements remained close to the

top end of the TDSAS scale (4 or 5) with five representing the highest positive

rating a statement could be given. This result (pre and post) could likely have been

influenced by the pre-existing high positive attitudes toward the nature of the

inquiry-based curriculum used by the school. Maintaining the same high positive

attitudes across time during the school term could be problematic. Past research in

using FOSSTM modules also show mixed results in surveying children’s attitudes

toward science (pre and post) depending upon the time of year (Frederick and Shaw

1998, 1999). Frederick and Shaw found increases in fourth grade students’ overall

attitudes toward science when instruction was early in the school year (1999) when

compared to later in the school year (1998). Also, Ornstein (2006) in a large-scale

study (N = 786) of attitudes in hands-on versus traditional classrooms found that

student surveys were completed too early in the school year. He conjectured that the

surveys reflected student attitudes from their previous year’s science classroom. In
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our study, children completing the pre-survey may have been thinking about their

previous or current experience in science classrooms in this school which used a

hands-on program including FOSSTM as well as Science and Technology for

Children (STCTM) materials. This would account for very high initial attitude scores

that declined slightly as the term progressed to the end. In addition, analysis of

paired scores in this study suggests possible outliers that could have skewed the data

to an average decline. For example, one fourth-grade student had an overall steep

decline (-14) in attitude while showing a strong learning gain (?15).

However, positive achievement results in the use of creative drama show promise

in the potential improvement of attitudes toward science over time. With an

intervention strategy like creative drama, students can begin to build on their

cognitive and affective strengths in science, including creativity, which can lead to

continued greater achievement in science understanding. These achievement gains

may be more pronounced in lower achieving students than in the gifted student

population in this study. Quality science learning environments, particularly ones

utilizing inquiry and higher level thinking, can lead to more positive attitudes

toward science (Craker 2006; Ornstein 2006). Attitudes are learned behavior, and

because they are learned they can be subject to change (Koballa 1989).

Conclusions

This study examined the effects of using creative drama as an extension within a

well-known and widely used inquiry curricula, FOSSTM Physics of Sound and Solar
Energy. Learning outcomes support the use of creative drama as an effective

strategy when appropriately implemented and integrated within the FOSSTM

materials. The study’s data analysis showed significant main effects for grade level

and time. Students in fourth grade had a significantly greater learning outcome than

students in fifth grade. This may be explained by the greater difficulty of the

concepts and skills required in the solar energy curriculum used in fifth grade. Also,

students in all grades significantly increased their learning over time in this study.

This is likely due to the nature of strong inquiry-based curricula used. Most

importantly for this study’s intent, there was also a significant increase in learning

over time for the drama treatment classes over the non-drama classes.

Though not a big change, the science attitude data in this study revealed a slight

decrease over time in student attitudes toward science. This was true across groups

and grade level. The small decline revealed by the TDSAS attitude survey may have

been influenced in part by a few strong outliers and the nature of the school’s

existing inquiry-based science program leading to initial high attitude scores. These

lower post-survey scores were still at the high end of the attitude survey and showed

that these participants’ attitudes toward science were still very positive.

Appendix 1

See Tables 6 and 7.
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Appendix 2: TDSAS Survey of Science Attitude

See Table 8.
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