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I.  What is the name or title of the instructional strategy/model, program, material, or intervention?  What was the research question?  What was the intended outcome of goal?
Name/Title: Learning cycle
Research Question: Does the order of phases in a chemistry learning cycle affect student learning?
Description of subjects:  (Include number of participants, age, SUES, etc.)

The participants in this study were high school students in six chemistry classes taught by two teachers at a medium-sized city’s senior high school.
II. Describe the strategy/model, program, material, or intervention.

The learning cycle approach is a generalized teaching strategy/model consisting of three phases:  the exploration or gathering data phase (activity – the “G” phase); the conceptual invention phase (discussion – the “I” phase); and the conceptual expansion phase (additional activities – the “E” phase).  This is in contrast to the traditional instruction approach of “I, V, P” – inform, verify and practice.  The research treatment consisted of changing the order of the three phases in the learning cycle in the six classes involved in the study.

III. Describe the design of the study (sample selection, assignment to treatment, controls, length of intervention, etc.)

This study followed an experimental, randomized factorial design to determine whether the sequence of the phases in a learning cycle is important.  The three-phase learning cycle gives rise to 6 possible phase order combinations:  GIE (normal cycle – the control), GEI, IGE, IEG, EIG and EGI.  (The IGE and IEG order resemble traditional instruction.)  A learning cycle sequence was randomly assigned to each of the six classes.  Because the six classes were taught by two teachers, the teachers co-planned their lessons and attended each other’s classes to minimize the teacher variable.  
The study spanned one school year and covered two separate learning cycles taught at different points in the school year.  The first learning cycle (LC2) occurred near the start of the year and dealt with a basic topic: chemical and physical change.  The second learning cycle (LC12) occurred near the end of the year and concerned a new topic: thermochemistry.

IV.What instruments were used to collect data and what metric(s) (effect size, tests of significance, etc.) were used to report results?  (Include all measures of dependent variable as well as implementation, attitudes, etc.)

Although qualitative data were collected - classroom observations and tapes and interviews with case study subjects (one student from each class) – the study analysis focused on achievement as measured by the content achievement tests (CATs) and attitude as measured by the BAR inventory (LC12 only).
To determine if the teacher and class groups were equivalent, the following assessment instruments were given to all subjects in the study:

1. “An IQ score was determined using The Otis-Lennon Mental Abilities Tests.

2. The developmental level of each student was measured using the chemical combinations and flexible rods tests (Wylam and Shayer) and the Group Embedded Figures Test (Witkin) – Piagetian scores.
3. Students were further characterized by age and overall grade-point average in chemistry.”
Three equivalent forms of content achievement tests (CATs) were developed for each learning cycle and administrered four times.  Form A was given as a pre- and posttest; form B was administered after the first phase of the learning cycle; and form C was used after the second phase.  The forms were cross-validated by administering them to chemistry classes in another high school.  Equivalence of forms was established by analysis of variance.  The reliability of the CATs for LC2 and LC12 were determined by using Cronbach’s Alpha.  For LC2, the test form (A, B, C) values ranged from 0.58 to 0.67 and were considered equivalent.  For LC12, the test form values ranged from 0.53 to 0.67 and the forms were judged not equivalent.  Adjustments were made to the LC12 test scores to make them equivalent.  For LC12 only, Form A was administered after one month to measure retention.

V. Briefly describe and summarize the results of the study.
A two-way analysis of variance (ANOVA) for LC2 comparing student development level with the three combined treatment sequences (IEG and IGE; GIE and EIG; and GEI and EGI) indicated a significant main effect for developmental level.  A post-hoc analysis demonstrated that on all of the CATs, formal operational students scored higher that concrete students.  On these same tests, there were no main effects for classes.  However, there were interaction effects between classes and developmental level.  The data revealed that when the invention phase was first or second, formal operational students were favored.  This finding was attributed to the simple nature of the LC2 concept.  The data also indicated that concrete students benefitted from a lab activity prior to the invention (discussion) phase.  The trend analysis showed that “overall, there is little evidence for the importance of a particular sequence.  There does seem to be some evidence that a cumulative effect of all three phases is important for an increase in knowledge.  There also seems to be some evidence that the knowledge varies throughout a learning cycle . . .“ (p.135)    
The CATs for LC12 were administered five times.  Similar to LC2, ANOVAs of the CATs showed a main effect for developmental level.  A post-hoc analysis again demonstrated an interaction effect between class and developmental level where formal operational students outperformed concrete students.  “The retention test (CAT 5) showed sequences where the invention came second to be superior to other invention positions.  Since the second position is the normal position for the I phase in learning cycles, this is evidence of the superiority of the normal sequence” (p. 137).  A repeated measures ANOVA and post-hoc analysis for LC12 trend data, indicated the sequence of phases represented by gathering data, invention and expansion (GIE – the normal sequence) led to a gradual build up of understanding over the three phases.  Data also indicated that the retention after one month was greater.

The following conclusions can be drawn from this learning cycle study:

· The position of the invention (discussion) phase is important to optimum learning;

· If the concept being taught is new (LC12), the invention phase in the second position (after an introduction and before an expansion) produced optimum achievement;

· If the concept is review (LC2), the optimum sequence of the phases depended on the developmental level of the student.  Concrete students benefited when the invention phase was last; formal operational students benefited when the invention phase was first.   
VI. Did the study include an evaluation of how the intervention was implemented?  Did          implementation data address both the frequency of use as well as the integrity of the implementation?


No:  
      


Yes: 
       X


If yes, briefly describe.

Two learning cycles were used spread over one year’s time and the chemistry teachers in the study co-planned lessons and observed each other classes.  
VII.
Were gains in student achievement reported?  


No:  



Yes:
       X  

            If yes, briefly describe.

Gains in student achievement were greater for students in the classes with the invention phase between the other two phases.


If student achievement gains were reported, were they sustained over time?


Yes, a retention test was administered one month after the posttest.

VII. Replication:  Did the study cite previous tests of this treatment?  Is this study a replication of an earlier study?


No:  
      X


Yes: 



If yes, briefly describe.

Summary:

Rating

__4__Design (scale: 1-5)
___4__ Educational Importance (scale: 1-5)

[The summary paragraph will be used on the web site provided for districts and should include a brief description of the intervention, the content area and age/description of students studied, and the results of the study.  In addition, strengths and limitations of the study should be noted, including adequacy of measures, ease of implementation, etc.]

The purpose of this study was to determine which sequence of phases in a three-phase learning cycle increased student achievement in learning chemistry concepts.  Six possible combinations of sequences of the three phase learning cycle were used, one in each of six high school chemistry classes, throughout two different learning cycles.  One learning cycle was near the beginning of the year and the other near the end of the course.  The effect of sequence depends on the developmental level of the student and the nature of the chemistry content (new or review).
The strength of this study is in number of learning cycles over time (at least 12 cycles in one year).  Weaknesses of the study are the use of intact classes (not true randomization) and a small sample size.  The results added to the body of evidence from earlier key learning cycle vs. traditional approach studies cited in the introduction.   
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