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Abstract: 
Introduction
Programming courses typically differ more by the programming languages in which they are taught than by anything else (Goldenson, 1996). There are three different approaches to teaching introductory programming: the incremental approach, the sub-language approach, and the mini-language approach (Brusilovsky et al., 1994).

In the incremental approach, the language being taught is presented as a sequence of language subsets; each subset introduces new programming language constructs while retaining all the constructs of the preceding subsets. (Brusilovsky et al., 1994). The idea of the sub-language approach is to design a special starting subset of the full language containing several easily visualizable operations; this subset can support the first steps of 
learning programming and helps later in introducing more complex programming concepts (Brusilovsky et al., 1994). The idea of the mini-language approach is to design a small and simple language to support the first steps in learning programming. A student learns what programming is by studying how to control an actor, which can be a turtle, robot, or any other active entity, acting in a microworld (Brusilovsky et al., 1994).

The best example of such a microworld-supported learning environment is the LOGO Turtle. During the 1977-1978 school year, four computers equipped with the LOGO programming language and supporting Turtle Graphics were installed in an elementary school in Brookline, Massachusetts (Papert et al., 1979). Developed for children, the LOGO programing language included a set of primitive graphics commands that controlled the displacement and rotation of an on-screen cursor called a “turtle” (Cuneo, 1985).

Results with working in a LOGO microworld environment have been mostly positive. Yelland & Masters (1997) found that children showed a high level of engagement and learning in the LOGO environment (Yelland & Masters, 1997). Piper (2001) showed that the LOGO Turtle can be used in a mathematics curriculum, and Rieber (1983) showed that LOGO had a statistically significant effect on students’ ability to think systematically and to understand certain geometric concepts.

The creator of LOGO and the LOGO Turtle, Papert (1979), contended that the value of the LOGO computer program lied in its ability to allow children to take control of their own learning processes and to acquire skills and concepts independently of “a stifling curriculum generated by adults” (Emihovich & Miller, 1986). However, later results do not support this hypothesis.

Delclos, Littlefield & Bransford (1984) conducted a research study to compare the effects of three different methods of teaching LOGO to 5th-grade students with a broad range of academic ability. The first method of instruction was based upon Papert’s idea of discovery learning and student-controlled pace of learning. The second method of instruction involved the use of structured tutorials, written in much the same way as other computer-assisted programs. The third method of instruction involved teaching the material in a mediational style, where the teacher made specific conscious attempts to frame what was being learned in the LOGO lesson (Delclos, Littlefield & Bransford, 1984). Trends from this study indicated: (1) students involved in the discovery approach were able to learn the basic LOGO commands but did not gain control over the on-screen turtle to the extent that they could predict what it would do; (2) a structured approach to learning LOGO seems better that the discovery method for mastering programming-specific skills; and (3) a carefully-structured mediational method also seemed to provide good results (Delclos, Littlefield & Bransford, 1984).

A discourse analysis of LOGO lessons concluded that a careful structuring of the teaching process was required for children to learn LOGO successfully (Emihovich & Miller, 1986 & 1988). Kurland & Pea (1983) found that certain programming control structures in particular, such as recursion, needed to be taught rather than expecting children to discover them on their own (Kurland & Pea, 1983).

Cuneo (1985) examined 4- to 7-year-olds’ understanding (and misunderstanding) of single turtle commands as transformations that connected turtle states. Children were introduced to a highly simplified turtle graphics environment that included four possible turtle orientations and four legal commands. Children were then shown events consisting of an initial turtle state, a command transformation, and the resulting turtle state. Children were asked to indicate the key/command involved in each event. Most children systematically misunderstood the commands. Younger children associated each of the four commands with displacement in a particular direction and rotation to a particular orientation. Overall, most children performed much as Piaget’s theory predicted: when the turtle rotated, children tended to focus on features of the final turtle state, ignoring both initial state and transformation information. When the turtle changed location, children seemed to attend to the transformation itself. Younger children, however, tended to define the displacement from their own or the display screen’s frame of reference rather than from the turtle’s frame of reference (Cuneo, 1985). Geva & Cohen (1987) found that certain spatial concepts are required by young children for the understanding and manipulation of turtle turn commands in LOGO (Geva & Cohen, 1987).

Several studies have been conducted involving both the on-screen LOGO turtle and a physical LOGO turtle robot (Harris, 1983). Weaver (1991) investigated several primary questions in comparing the LOGO screen turtle to the LOGO floor turtle, including: (1) o young children gain different geometric concepts from 
experiences with the LOGO floor turtle than they do with the LOGO screen turtle? (2) Do young children learn to use the four basic LOGO commands more efficiently with the LOGO floor turtle than they do with the LOGO screen turtle? (3) Do young children prefer interacting with the LOGO floor turtle or the LOGO screen turtle? The results of the study were mixed. Significant differences in ability to use LOGO were not found between groups, nor did the children show a clear-cut preference for one kind of LOGO turtle over another. The children’s perspective-taking abilities did not change over the time of the study, and while geometry scores did improve, no significant differences between groups were found on the geometry tests (Weaver, 1991).

In this study, we will compare parallel forms of computer-based instruction of the FIJI (FIducial-recognizing Java Interface) robot programming language, one form of which will be robot-supported in the ALARM (Active Learning And Robotics Movement) environment and the other form of which will be computer graphics-only. The following research questions wll be investigated: Which form of the instruction – robot-supported or computer graphics-only – is more effective when teaching students a simple robot programming language? Does a richer, physical-object-supported environment help students learn robot commands better? Do robot-supported and computer graphics-only forms of instruction yield differential results depending upon student level of spatial ability?
Methods
Participants
The participants of this study will be 60 students in two (2) 4th- and 5th-grade mathematics classes in a suburban public middle school in a metropolitan area in the southwestern United States. In-tact classes will be used. Students will be assigned to teams of three (3) students each according to like levels of spatial ability (e.g., high spatial ability with high spatial ability, low spatial ability with low spatial ability). Students will be blocked by level of spatial ability (high or low) and will be assigned, by mathematics class, to either the robot-supported or computer graphics-only treatments.

Instructional Programs
Two parallel versions of an instructional program of the FIJI (FIducial-recognizing Java Interface) robot programming language will be developed in both robot-supported and computer graphics-only forms. Prior knowledge of any robot programming language by the students has been determined to be non-existent by their teachers.

The computer graphics-only version of the instruction will be developed in the form of a collaborative (3-student team) computer-based instructional program using an on-screen robot, with instruction, examples, problem-solving exercises, exercise feedback, exercise answer key, review, and student guidelines for use. The robot-supported version of the instruction will be developed in the same form as the computer graphics-only version – including the use of an on-screen robot – however, student teams will be given the opportunity to work with “real” robots in the ALARM (Active Learning And Robotics Movement) envronment, a physical, 3-dimensional Small Lab environment. Both forms of instruction will be assessed using the same computer-based exam.
Procedures
Prior to the implementation of the treatments, students will be given a 12-item pretest including three (3) spatial-ability assessment items. Students will then be blocked according to their level of spatial ability (as determined by the three (3) spatial-ability items) and by mathematics class. Students will complete their instructional programs in teams of three (3) students each over a two-day period. Students will be assessed on the third day. As an incentive, students will be told that their participation in this study will provide them with an opportunity to engage each other in an “ALARM Olympics” competition at a later date. Students will also complete the attitude survey on the third day, immediately after completing the assessment.
Criterion Measures
A 25-item posttest will measure the students’ ability to read, understand, and program in the FIJI (FIducial-recognizing Java Interface) robot programming language; their ability to explain what a set of commands will make the on-screen robot do; their ability to maneuver the on-screen robot from a given starting point to a given end point; and their ability to maneuver the on-screen robot from a given starting point to a given end point through a series of obstacles. A computer-based posttest will be used for both treatments. The students’ assessments will be graded according to the following criteria: full credit will be given for correct answers and correct on-screen robot movement; partial credit will be given for partially-correct answers; and no credit will be given for incorrect answers. The total points possible on the assessment will be 155; students’ raw scores will later be converted into percentages.

Attitude surveys will be conducted after the instruction period, on the third day of the study, to determine the students’ impression of the effectiveness of their method of instruction and to determine their teachers’ impression of the effectiveness of the two (2) methods of instruction. The students’ attitudes will be measured using a computer-based, 30-item attitude survey, including 15 five-item Likert-type questions, with 5=strongly agree and 1=strongly disagree. The attitude survey will also include several short-answer questions.

Design and Data Analysis

The experimental design of this study will be a 2 (student level of spatial ability) x 2 (instructional method, robot-supported or computer graphics-only) pretest-treatment-posttest design, with systematic assignment of students to blocked groups. The data analysis for student achievement (scores) will be a 2 (student level of spatial ability) x 2 (instructional method) univariate analysis of variance (ANOVA); student level of spatial ability and instructional method will be the between-subject variables in the analyses. Student attitude data will be collected and reported. Survey items from the student attitude questionnaire will be analyzed separately as 9 separate 2 (student level of spatial ability) x 2 (instructional method) univariate analyses of variance (ANOVAs).

Results
Achievement
The mean score for high-spatial-ability students using the robot-supported treatment will be reported; the mean score for high-spatial-ability students using the computer graphics-only treatment will be reported. The mean score for high-spatial-ability students overall will be reported. The mean score for low-spatial-ability students using the robot-supported treatment will be reported; the mean score for low-spatial-ability students using the computer graphics-only treatment will be reported. The mean score for lowh-spatial-ability students overall will be reported.
A univariate analysis of variance (ANOVA) will be conducted to evaluate the relationship between scores (student performance) and student level of spatial ability (high spatial ability, low spatial ability) and treatment (robot-supported, computer graphics only). Any significant interactions will be reported.
Attitudes
Students’ responses to an attitude survey will be collected and analyzed; univariate analyses of variance (ANOVAs) will be conducted to evaluate the relationship between students’ attitudes (5=strongly agree, 1=strongly disagree) and student level of spatial ability and treatment. Any significant interactions will be reported.

Discussion
The findings of this study will be reported, analyzed, and discussed at a later date.
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