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Abstract
Background
The rapid increase of obesity and diabetes risk beginning in youth, particularly those from disadvantaged communities, calls for prevention efforts.
Objective
To examine the impact of a curriculum intervention, Choice, Control, and Change (C3), on the adoption of the energy balance related behaviors of decreasing sweetened drinks, packaged snacks, fast food, and leisure screen time, and increasing water, fruits and vegetables, and physical activity, and on potential psychosocial mediators of the behaviors.
Design
Ten middle schools in low-income New York City neighborhoods were randomly assigned within matched pairs to either intervention or comparison/ delayed control conditions during the 2007–2008 school year.
Participants
562 inner city seventh grade students in the intervention condition, and 574 in the comparison condition.
Intervention
Students received the 24 C3 lessons that used science inquiry-based investigations to enhance motivation for action, and social cognitive and self-determination theories to increase personal agency and autonomous motivation to take action.
Main outcome measures
Self-report instruments to measure energy balance related behaviors targeted by the curriculum, and potential psychosocial mediators of the behaviors.
Analyses
ANCOVA with group (intervention/control) as a fixed factor and pre-test as covariate.
Results
Students in intervention schools compared to the delayed intervention controls reported consumption of significantly fewer sweetened drinks and packaged snacks, smaller sizes of fast food, increased intentional walking for exercise, and decreased leisure screen-time, but showed no increases in their intakes of water, fruits, and vegetables. They showed significant increases in positive outcome expectations about the behaviors, self-efficacy, goal intentions, competence, and autonomy.
Conclusions
The C3 curriculum was effective in improving many of the specifically targeted behaviors related to reducing obesity risk, indicating that combining inquiry-based science education and behavioral theory is a promising approach.
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INTRODUCTION
Healthful diets are important during childhood and adolescence for growth, development and overall health. Yet the majority of the nation’s youth do not meet all the dietary guidelines (1). Additionally, there is concern about the increasing rate of overweight and obesity among youth because of the strong association with risk of cardiovascular disease, hypertension, dyslipidemias, and type 2 diabetes (2,3). About a third of youth are obese or overweight—with even higher rates in some ethnic groups, such as African-Americans and Hispanics (4–6), resulting in considerable public health consequences. The longer individuals have these conditions, the greater the risk of complications, resulting in discomfort, ill health, and days lost from school and work. Because overweight involves appearance, there are also psychosocial consequences including social alienation, low self-esteem, and discrimination.
Consequently, there have been calls for actions to prevent obesity involving multifaceted approaches and venues, including schools (7,8). A number of systematic reviews have attempted to identify effective prevention strategies (9–16). These reviews have noted that studies differ considerably in terms of outcome measures, research design, theoretical framework, and the nature, quality and duration of the intervention, making it difficult to generalize from the findings (13–18).
Few studies have been conducted with middle school youth and have had inconsistent impacts on weight measures and behaviors (19–25). Thus, findings from these programs do not provide clear guidance on specific elements of effectiveness for school-based programs to reduce excessive weight gain (9–16). They do suggest, however, that while changing food and physical activity environments is very important, a strong curriculum to facilitate individual change is likely also crucial (11,13,15). Research is thus needed on how best to assist youth to develop healthy behaviors and maintain a healthy weight.
Social cognitive theory (SCT) has been widely used in childhood obesity prevention studies with some success (9–15). It proposes that personal, behavioral, and environmental factors work in a dynamic and reciprocal fashion to influence behavior (26). The sense of ability to exert personal influence over one’s environment as well as over one’s own behaviors is described as personal agency (27, 28). Though it is often considered to be synonymous with self-efficacy, personal agency is a collective, overarching system that is characterized by four core capacities: forethought, the anticipation of likely consequences of taking action, usually called “outcome expectations”; intentionality, a proactive commitment to a future course of action; self-efficacy, people’s confidence in their ability to organize and execute particular behaviors in specific domains and situations and to overcome specific barriers, and self-regulation of behavior through self-assessment and goal-setting processes. These capacities, and hence personal agency, can be enhanced through motivational activities and skill building.
A concept somewhat similar to personal agency is autonomous motivation from self-determination theory (SDT), which refers to people’s ability to reflect on, and engage in, actions with a full sense of choice (29, 30). SDT postulates that individuals have innate psychological needs for autonomy, competency, and relatedness, which, when satisfied, enhance their autonomous motivation and well-being (29). Autonomy refers to the need to experience one’s actions as results of volitional choice, which thus brings satisfaction; competence refers to the generalized need to experience oneself as capable and competent in controlling the environment and being able to reliably predict outcomes; and relatedness refers to the need to experience satisfaction in involvement with the social world (29,30). Providing a meaningful rationale for taking action and support for autonomy are seen as important (29,30,31). SDT has been used in a few studies of health behaviors, in particular physical activity, with some positive impacts (32–35). Taken together, the studies suggested that integrating the central concepts of SDT with SCT in this study involving youth would be both novel and likely to increase effectiveness.
The purpose of this study was to evaluate the impact of a science and nutrition education middle school curriculum, Choice, Control and Change (C3), on behaviors related to obesity risk reduction, or “energy balance related behaviors” (EBRBs) (36) and on potential mediators of behavior change based on constructs from SCT and SDT (26,28, 32,37). The specific EBRBs indentified by researchers as contributing to obesity risk reduction (1,8,38) and over which middle school youth have some control are: eating more fruits and vegetables, drinking more water, increasing physical activity, and decreasing intakes of sweetened beverages and packaged snacks, eating at fast food restaurants, and leisure screen time.
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METHODS
Evaluation Study Design and Participants
The study used a pre-post, cluster randomized intervention-control design and was conducted in the 2007–2008 school year. Ten middle schools in underserved, low-income neighborhoods within the same school district in New York City were matched on school size, race/ethnicity, free/reduced lunch percentage, and reading and math test scores. One school of each matched pair was randomly assigned to the intervention condition (C3 curriculum) and the other into the comparison condition (standard science curriculum of equal intensity and duration, receiving C3 the next term as a delayed intervention). The schools were identified and recruited in collaboration with the school district’s science education coordinator. All seventh grade classes within the schools participated, with 20 intervention classes (562 students) and 21 comparison classes (574 students). The mean age was 12, range 11–13, and each condition had about 25% African American students, 70% Latino students (predominantly Dominican and Puerto Rican) and 5% others. Approximately 51% in both groups were male. The rate of free and reduced lunch was 74% for the control group and 83% for the intervention group (difference between groups is not significant) for a mean of 78%. The study was approved by the Institutional Review Boards of Teachers College Columbia University and the New York City Board of Education and involved passive consent from the parents, where parents who did not wish for their child to take part in data collection procedures could refuse consent.
Choice, Control and Change (C3) Intervention
The conceptual basis of the curriculum was that body size is clearly the result of complex interactions between biology, environment and personal behavior. It has become increasingly recognized that the modern industrialized environment is highly obesigenic and plays a prominent role in this interaction (39,40). Youth, particularly those in underserved, low-income neighborhoods, need a sense of personal agency to act within this challenging environment. The goal of the curriculum was thus to assist middle school youth to acquire motivations and skills to become both competent navigators of the current food system and sedentary environment and agents in creating their personal food and activity world (41).
The educational approach was based on using science as inquiry-based investigations, focusing on the scientific method rather than on a set of facts to be learned, to help youth develop a rationale and increased motivation for taking action, and behavioral theory to provide skills for how to take action.
Young children make their food choices based primarily on what they like. But by middle school, cognitive-motivational processes also influence food choice through children’s increasing ability to link consequences to their actions (42, 43). Hence an emphasis on psychosocial variables and skills would likely be useful. For the intervention, the mediators from SCT and SDT (30,44,45) were combined to create an integrated intervention theory model or theoretical framework, a process suggested by researchers so as to potentially enhance effectiveness (46). The model is shown in the figure. The actual process of translating the theory model into a curriculum was based on a six-step procedural model for designing theory-based interventions (47).
[image: figure nihms257249f1]
Choice, Control & Change (C3) middle school curriculum theoretical model1
The C3 curriculum consisted of 24 lessons of 45 minutes each, taught by science teachers most school days over eight to ten weeks. However, some lessons spanned multiple days resulting in about 33 C3 sessions per class. The curriculum addressed selected national science standards in biology, in particular energy balance and science as inquiry (43,48). Specific educational activities were based on a systematic science-inquiry procedure that provided a scientific rationale for taking action - Questioning, Experimenting, Searching, Theorizing, and Applying to Life (QuESTA) (41), and also addressed SCT and SDT theory constructs or potential motivational and behavior change variables to enhance personal agency. A process of guided goal-setting was also used (49), whereby the curriculum sets out several behaviors from which youth choose one. Illustrative examples of how theory variables were translated into educational activities are shown in Table 1. The curriculum is described in detail elsewhere (50).
[image: Table 1]
Table 1
Use of theoretical model based on social cognitive and social determination theories to design a middle school lifestyle education intervention
Teachers received one intensive, three-hour long pre-intervention professional development session and one in the middle of the intervention. Because each teacher taught several or all the science classes for a given grade in a school, there were eight teachers total in the five intervention schools. Two research staff members who had been science teachers attended one third of all classroom sessions of each teacher and met with each teacher weekly during their preparation period or lunch hour for about 45 minutes to go over upcoming lessons, provide support, trouble shoot, and give feedback. In addition, to assure high fidelity to the curriculum, teachers received all necessary supplies throughout curriculum implementation.
Outcome measures
Behavioral outcomes
The primary outcome was whether students adopted the seven targeted behavior categories. The 30-item food frequency behavioral measure used –the EatWalk Survey (EW) – was a modification of the validated 84-item Block food frequency instrument for children which measures both frequency and portion sizes (51). Only those items that measured the specific C3 behaviors were used. The measures are summarized here and scoring details are shown in the footnotes on Table 2: frequency and portion sizes of fruits and vegetables during meals and snacks; water at meals, snacks, and in between; processed, packaged snacks; sweetened beverages at meals, snacks, and in between; and when eating at fast food restaurants. For physical activity, the measures included frequency of purposively walking or taking the stairs for exercise and engaging in leisure screen time.
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Table 2
Impact of Choice, Control & Change (C3) middle school curriculum on behavioral outcomes
Content validity was established with a panel of nutrition, physical activity, and measurement experts who reviewed the instrument. The instrument was then extensively pilot-tested in schools with similar youth and cognitive interviewing was used to improve clarity and understanding. The final instrument included photographs to improve estimation of serving sizes.
The behavioral instrument was also tested for reliability and validity. Through psychometric analyses, items with ceiling effects or low item-to-total correlations were dropped and inappropriate response options were modified. The Cronbach alpha coefficients for the final instrument ranged from 0.70 to 0.88. Test-retest (n=27, similar age and ethnicity) results showed correlations ranging from 0.30 to 0.80 for the behaviors, with most being between 0.40 to 0.60. To establish concurrent validity, the modified instrument was calibrated with the original Block instrument with correlations ranging from 0.52 to 0.88 for EW behaviors over the previous week. When the EW survey was compared to 24-hour recalls (mean of two days) in a separate sample (n=60, similar age and ethnicity) the percent of subjects with agreement within one standard deviation ranged from 60% to 75% for each behavior, except water where agreement was 54%. Correlations ranged from 0.30 to 0.60.
Theory-based psychosocial mediators
An instrument was developed for the theory-based potential psychosocial mediators from a review of relevant research studies and existing instruments. Content validity was established by a panel of nutrition education and measurement experts who reviewed the instrument. It was then pilot-tested along with the EW as described above. The measures are summarized here and scoring details are shown in the footnotes on Table 3. Scales were developed to measure outcome expectations or beliefs, intentionality, perceived barriers, and self-efficacy for each of the targeted behaviors, such as eating fruits and vegetables or drinking sweetened drinks. Each of these scales generally consisted of five to seven items. Cronbach’s alpha coefficient for the scales were 0.50–0.75 for outcome expectations, 0.73–0.80 for perceived barriers, and 0.73–0.83 for self-efficacy, except for eating at fast food restaurants, which was 0.65.
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Table 3
Impact of Choice, Control & Change (C3) program on potential theory mediators of behavior change
Personal agency has been found to be correlated with autonomous motivation (37). Thus, in contrast to self-efficacy, which was measured for each of the specific behaviors, personal agency, for which there were no prior diet-related measures, was measured using two general scales related to autonomous motivation– one for food choice and one for physical activity. These scales measured autonomy and competence and were based on those used in related studies (33,34). Cronbach’s alpha coefficient values ranged from 0.79 to 0.94. Relatedness to others from SDT was not measured.
Outcome evaluation data collection procedures
Trained research staff administered the instruments to all classes at the schools, reading all instructions to students following a standardized protocol: 562 students in intervention classes, and 574 student in the comparison classes, 417 to 460, depending on condition and instrument, completed both pre and post tests, due to absenteeism or students being pulled out for special services. Students whose parents denied consent (11 out of 1136, 1%) quietly read. Students who did not complete the survey did not differ from those who did in age, gender, or ethnicity. Nor were they clustered in particular classes. The surveys took two class periods to complete (about 90 minutes).
Outcome evaluation data analysis
For analyses, all items were coded so that the higher scores indicted selection of healthier options. Only students present at both pretest and posttest were included in the analyses. To compare means of intervention and control groups, Analysis of Covariance (ANCOVA) was performed. Behavioral and mediating variables were set as dependent variables, and group (intervention or control) condition was used as a fixed factor. Pre-test scores were controlled for by including them in the model as covariates. Demographics were very homogenous across schools (that is, age, ethnicity, income levels determined by percent free or reduced lunch) and hence were not used as covariates. Even though the unit of randomization was school, the school sample size was too small to run multi-level analyses. For hypothesis testing, the criterion for statistical significance was set at p<.05. Statistical Package for the Social Sciences (version 17 for Windows, released 23 August, 2008. SPSS Inc., Chicago IL, 2006) was used for data analyses.
Go to:
RESULTS
The impact of the C3 intervention on behavioral outcomes is shown in Table 2. Intervention students reported a significant decrease in the less healthful behaviors compared to controls. They drank sweetened beverages significantly less often at meals, snacks, and between meals, and had smaller sizes each time. They ate significantly fewer packaged, processed snacks and had smaller sizes each time. Although they did not reduce the frequency of eating at fast food restaurants, intervention students reported ordering significantly smaller sizes and ordering value or combo meals less often, the last being driven by significant changes in boys only. Students did not report selecting healthier options. The students in the intervention group did not, however, report any significant improvements in fruit, vegetable or water intake; indeed the comparison group had higher intakes of fruit at the end of the intervention period. In terms of physical activity, students receiving the intervention intentionally walked and took the stairs for exercise more often and walked rather than take public transportation (the last driven by significant changes in boys only). Students in the intervention group, compared to controls, also decreased frequency of recreational screen-time. Effect sizes, where significant changes occurred, were 0.20 to 0.30.
The impact of the intervention on potential psychosocial mediating variables is shown in Table 3. Positive outcome expectations increased significantly for all seven C3 behaviors. Students in intervention schools also reported greater goal intention to change for all seven behaviors. The intervention group also reported increased self-efficacy for all targeted behaviors except eating more fruits and vegetables. The intervention students reported a reduced perception of barriers (higher scores indicate decreased perception of barriers) related to being physically active but not eating healthfully. Lastly, the intervention students felt a higher degree of personal agency or autonomous motivation in making healthful food choices and being physically active, reported as an improved sense of competence and autonomy.
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DISCUSSION
The purpose of this study was to evaluate the impact of a science and nutrition education middle school curriculum, C3, on behaviors related to energy balance and potential psychosocial mediators of behavior change. The intervention focused on enhancing personal agency and autonomous motivation through science inquiry-based investigations to increase motivation coupled with self-regulation skills from behavior theory. This intervention resulted in decreases in frequency of consumption and size of sweetened beverages and packaged snacks, in size of items chosen at fast food restaurants, and in leisure screen time and increases in purposefully walking and taking the stairs for exercise but had no impact on fruit and vegetable or water intake.
The finding that the curriculum had mixed impacts on the targeted behaviors is similar to that of other obesity prevention intervention studies with middle school youth. For example, a study involving one computer-tailored session in school accompanied by a compact disc for parents, found no impacts on fruit, soft drinks, or water intakes and decreases in fat intake only in girls who had parental support (22,23). A study with students involving curriculum and additional healthy food options available at school lunch had a long term impact on preventing unfavorable increases in measures of body composition and on consumption of sweetened drinks but not on the other targeted behaviors of consumption of snacks or active commuting to school (20,21). An intervention focusing on goal-setting found positive impacts on composite scores created for dietary behaviors and physical activity behaviors, and on physical activity self-efficacy but only in those who set and adhered to their specific goals (49).
The generally positive behavioral results on reducing intakes of high calorie, low nutrient dense foods obtained in this study may be due to the intensity and duration of the intervention and the use of active student participation through science experiments. This explanation is strengthened by the finding that two other studies using intensive biology classes found improvements on body weight and related parameters (20,21). Students in the present study spent considerable time analyzing their own eating and physical activity patterns and comparing them to recommendations, a process that has been shown to increase sense of concern and hence motivation (52,53). Through experiments, students developed an in-depth understanding of the rationale for taking action, a strategy suggested as important by self-determination theory. They examined television advertisements and what was available in local grocery stores in order to reduce guilt by avoiding “person blame” and to empower students to understand and take action in an obesigenic environment. The use of a guided goal-setting process is likely to have enhanced cognitive self-regulation skills as reflected in improved competence scores.
The differential results on behavioral outcomes may also be due to the fact that the curriculum spent more time on behaviors related to energy balance and diabetes and that the activities students engaged in were more memorable than for behaviors related to fruits and vegetables, and water. For example, students explored the amount of sugar and fat in their favorite sweetened beverages, packaged processed snacks, and fast food items. They burned peanuts and other foods to learn about the calories in them. Students also found pedometers very motivating. Improving intakes of fruits and vegetables, particularly vegetables, has been shown to be difficult and even when effective with younger children, interventions tend not to be effective with adolescents (54, 55).
The intervention had significant positive effects on most of the potential psychosocial mediators measured, including two that a recent review found were most predictive of behavior change: outcome expectations and self-efficacy (53). Many studies have had mixed results and researchers have suggested that either the psychosocial mediators used in the studies were not appropriate or that the strategies used were ineffective (56,57).
In this study, the related overarching constructs of personal agency and autonomous motivation may serve as useful mediators of targeted behaviors as shown by the finding that those in the intervention group compared to controls significantly increased their sense of autonomy to take control and make good decisions about food and physical activity choices and in their sense of competence in being able to set goals and carry through with them. The novel combination of science inquiry methods and behavioral theory may provide strategies that are effective.
The study has many strengths. The intervention was conducted with an underserved, low-income youth population, where obesity and diabetes are highly prevalent in their families and communities. This content provided a meaningful rationale for taking action, which would encourage autonomous motivation according to SDT. The intervention focused on behaviors over which youth had some control, and used a clear conceptual framework, an innovative approach, and educational strategies directly linked to theory mediators. The hands-on activities were key for triggering behavioral change. In addition, the cluster randomization design resulted in two groups that were almost identical on all parameters measured, such as ethnicity, percent free and reduced price lunch, class size, attendance, reading and math scores, teacher absences, and percent experienced teachers. School meal menus and vending policies were also identical in the schools. This adds confidence in the results.
The study has some limitations. The fact that the behavioral data were self-reported is a limitation. However, the finding that some reported behaviors changed significantly while others did not reduces social desirability response bias as the sole explanation of the results. In the validation study, the correlation of the modified food frequency questionnaire with the original was high. Its correlation with 24-hour recalls was moderate but in the same range as found in validation studies for similar instruments with similar age groups (58,59). In addition, correlations between different methods are usually only moderate (60). Food frequency instruments are not always accurate for estimating absolute intakes of foods (60). However, it is not the absolute intake of the targeted foods that is of focus here, but the comparison between groups and between pre and post intervention using the same instrument. Nevertheless, the results should be interpreted with caution.
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CONCLUSIONS AND APPLICATIONS
An intervention that focused on encouraging personal agency and autonomous motivation for healthful food and activity choices through the use of science inquiry processes coupled with self-regulation skills from behavior theory resulted in significant reductions in many targeted energy balance related behaviors. Future studies should include some measure of weight status as an outcome. Future studies should also aim to provide environmental supports for action, perhaps building on the requirement for wellness policies in schools (61,62).
It is encouraging that youth appear to be responsive to an approach that helps them understand that they have choices, can exert control, and can make changes in their own eating and physical activity behaviors as well as their personal food environments to enhance their health and help their bodies do what they want them to do. The fact that the curriculum was taught by teachers as opposed to researchers in required science classes suggests that such an approach can be disseminated for use by teachers. Nutrition educators can also apply such an approach in their work with middle school age children in a variety of other settings.
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