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"left/right brain" way of recognizing information, and the degree of preference for a concrete "hands-on" application orientation to learning as opposed to an abstract "reflections-based" theoretical orientation (Jonassen & Grabowski, 1993).

Research studies (Sims & Sims, 1995) indicate the most successful learning occurs when teaching mode matches the students' learning mode, however, teaching strategies are devised for the macro (class/course) level while learning must occur at the micro (individual student) level. A match is not always easily achieved. It is possible to achieve success under less than optimal conditions if 1) the textbook is mediocre to poor but the instructor's knowledge and communication ability is effective, or 2) the textbook is good but the instructor's knowledge and communication ability is mediocre to poor; however, to have the situation where both the textbook and the instructor are mediocre to poor is a formula for low levels of learning. Unfortunately, students are rarely in control of these factors, and when faced with disparity between their own learning style preferences and those of the instructor or textbook author, must attempt to find strategies which let them adapt to less than optimum conditions of instruction.

For purposes of this research study, an informal, operational definition for "good" instruction is the ability to clearly present information 1) using terminology and examples understood by the student, 2) at a pace appropriate for student comprehension, 3) in a logical sequence, and 4) within the context of the overall scope of the material being presented. This definition is based on guidelines (Hewitt, 1995) for effective adult learning (androgogy) which indicate learning is most effective when:

1) material is relevant to the learner;

2) theory and practice are integrated into instruction;

3) learner and instructor experiences are incorporated;

4) content is sequenced from simple to complex, allowing material to build in a logical manner;

5) pacing adjusts for content difficulty, allowing more time for difficult or important topics;

6) content is presented in manageable sized "chunks", allowing learners time to reflect and assimilate material;

7) content is presented a variety of ways to allow for different learning styles and to reinforce the material for retention;

8) content is periodically summarized and the relationships between previous and new concepts/topics are made explicit; and

9) the instructor creates a "safe" learning environment that encourages the asking of questions and sharing of relevant personal experiences.

One instructional strategy that embodies the tenets of good instruction listed above is that of concept mapping. This is a technique, when employed by both the instructor and the learner, which actively engages the individual in organizing information and making inferences regarding the information. It acts as a "visual shorthand" to either aid in instructional delivery of content, or summarize information for review. 

Need for the Study

The importance of identifying alternate means of organizing and conveying information, which do not require the instructor’s delivery style to be modified, is self-evident. Not only do students benefit by finding learning easier, but there would be less resistance by instructors to using an additional external aid as opposed to attempting to change their instructional approach. Changing one's approach is often hard to do, even if the instructor is willing to try, since the choice of instructional approach is a function of several factors including the instructor's own cognitive learning style, personality, prior learning, brain dominance and approach by which they themselves were taught (Sims, 1995). If a study was designed to explore various teaching and learning strategies' capabilities to address situations where faculty teaching and student learning styles diverge, results might provide a non-threatening instructional strategy prescription for both instructors and students.

Significance of the Study

The sheer number of individual studies on variables and instructional approaches influencing learning make it impossible to even begin to list them in this brief context, however, there are several general trends and variables that can be identified in the literature. These studies predominantly draw on the theory bases of communication, educational psychology, psychology (especially ways to influence learner motivation), and instructional design. Studies tend to be mainly quantitative in approach, typically having a dependent variable of learner performance on some assessment measure. Independent variables usually include instructional techniques, instructional materials used, personality styles of students versus instructors, nature of the instructional content as classified by some taxonomy such as Gagné or Bloom, length of reading passage used with the instructional techniques, and the population of interest.

The majority of studies in the literature appear to address elementary level learners, with some studies of secondary students, and in more recent years, adult learners. Few studies are found using the collegiate learner. There appear to be no meta-analyses for concept mapping, and the only universally cited common denominator in references is Learning How to Learn (1984) by Joseph Novak and Bob Gowin. Some studies additionally refer to the acquisition of structural knowledge, citing Jonassen, Beissner, & Yacci's (1993) Structural Knowledge: Techniques for Representing, Conveying and Acquiring Structural Knowledge. Commonalities across studies exist in the area of instrumentation. Although several instruments exist which offer measures of personality style and learning style, the most frequently used personality/decision-making measure is the Myers-Briggs Type Indicator (MBTI) or one of its four variations (Jonassen & Grabowski, 1993; Hickcox, 1995). The primary learning styles instrument in use is David Kolb's Learning Styles Inventory (LSI). The MBTI inventory has been utilized extensively and has been improved through revision efforts (Berens, 1996).

Studies on matching student cognitive processing preferences or learning styles with instructor teaching style show greater gains in learning occur when instructors make an effort to match their instructional approach to the learners' dominant learning style (Sims, 1995). Various studies have shown correlations between different personality styles and learning approaches or performance on assessment tasks (Lynch, Woelfe, Steele & Hansen, 1998). Since no given instructor can match each student's personality or learning style for all students at all times, it becomes necessary for the instructor to 

structure approaches to learning in a variety of ways to reach the majority of student learning styles for at least some portion of the time.

Studies which have addressed the efficacy of instructional techniques, such as embedded questions or concept mapping, for improving learning from expository reading from classroom textbooks typically utilize only a very brief passage of text (often under 2500 words) and as such are not typical of the longer length found in collegiate textbooks (Duchastel & Nungester, 1984; Guri-Rozenblit, 1988; Pressley, Tannenbaum, McDaniel, & Wood, 1990; Ruddell & Boyle, 1989; Sagerman & Mayer, 1987). Conclusions drawn from these highly artificial learning situations indicate that use of questions, regardless of whether answered before, during, or after reading, increases comprehension and retention of information. Guri-Rozenblit (1988) studied the use of diagrams in text passages and found them to be particularly helpful when the material is lengthy, complex, multi-thematic, or totally new to the reader. The Duchastel & Nungester study (1984) was of particular interest in that it allowed students to reread and review material even after seeing the questions about the material. This duplicates conditions faced in a typical study situation. The Pressley et. al study (1990) is of particular interest because it addressed the use of prequestions in a thirty-page chapter, typical of many collegiate texts. They concluded attempting to answer questions before reading, even if answered incorrectly, aided in focussing attention and actively engaging the students in meaningful learning.

Studies addressing the issue of concept mapping (CM's) efficacy have largely addressed the use of this technique in comparison to control groups receiving no treatment (Novak, Gowin, & Johansen, 1983; Prater & Terry, 1988) or with respect to the efficacy of other techniques such as embedded questions or outlines (Guri-Rozenblit, 1988; Ruddell & Boyle, 1989). The conclusions reached by such studies show CM intervention tends to be more effective than none at all, although CM may be more effective for certain types of information such as structural knowledge (as opposed to verbal information/declarative knowledge).

More recent studies have explored the effectiveness of CM's depending on who generates the map--the students or the instructor/textbook (Phillips & Jackson, 1989). Results indicate that greater learning occurs when students are required to make their own maps, which forces students to engage in higher order thinking and perform analysis and synthesis level tasks. This is referred to as "meaningful learning" and incorporates new information into learners' existing schema, filtered by the specific experiences and knowledge of each learner. Some studies have used a combination of experimental or quasi-experimental approach in conjunction with surveys or interviews (Novak & Gowin, 1983; Reed & Oughton, 1998). The Reed and Oughton study addressed the breadth and depth of maps created by individual students as opposed to teams of students (Reed & Oughton, 1998).

What is evident from the literature is that concept mapping's advantages include allowing easy expansion of ideas and relationships (Mulcahy-Ernt, 1990), visualization of textual material (Mulcahy-Ernt, 1990), the ability to organize material into hierarchies (Novak, Gowin, & Johansen, 1983), identification of pertinent details (Ruddell & Boyle, 1989), and interrelatedness of topics, (Phillips & Jackson, 1989), identification of what has and has not been learned (Phillips & Jackson, 1989), support of meaningful learning rather than rote memorization (Phillips & Jackson, 1989; Ruddell & Boyle, 1989), support of learning complex material (Ruddell & Boyle, 1989), and helping activate prior knowledge (Prater & Terry, 1988).

Virtually no studies of a prescriptive, multidimensional nature are readily available in the journal literature which describe how students of a particular population, having a particular learning style, paired with a particular instructional technique/approach in a natural collegiate setting (using long chapters and multiple opportunities for review of text) may be expected to perform, or what benefits, if any, exist for a technique when used with a specific set of learners for a particular type of content. Further, studies to date have not directly compared the efficacy of multiple diverse strategies directly, but rather have focused on varying individual aspects of a single study technique and generalizing across the learning styles of all learners in the population (Trigwell, K., Prosser, M. & Waterhouse, F; 1999). This study seeks to begin redressing this gap, building on the extensive body of existing descriptive unidimensional studies.

Statement of the Problem

It is evident that no easy solution exists to satisfy all learning needs. However, for optimizing learning, instructors need to teach using all four of Kolb's experiential learning styles, keeping in mind the left/right brain issues as well (Sims & Sims, 1995). While it is difficult for faculty members to accommodate every student's preferred cognitive approach, strategies exist which allow a bridge to be forged between divergent approaches. This particularly includes identifying and making students aware of their dominant learning style, and the style's strengths and weaknesses (Sims & Sims, 1995). Secondly, by using all four styles of Kolb's experiential learning model while teaching, students can be expected to experience congruency to some extent and should develop their less dominant styles, helping to further close the gap. Thirdly, strategies such as the use of a concept map are beneficial, especially when students are experiencing a lack of congruency (Sims & Sims, 1995). 

This study, using a sample taken from the population of college interior design students, therefore addressed the question “Do concept maps (as opposed to embedded adjunct questions) differentially affect cognitive learning outcomes for different learning styles?" Design students were chosen because concept mapping stresses the understanding of how concepts and ideas interrelate and impact each other (Novak & Gowin, 1984). This parallels the problem-solving environment of interior design projects where ranges of “proper/correct” solutions are possible. The "correctness" or "fit" of a solution depends on how well students, during the initial problem-solving phase of design, are capable of schematically depicting and understanding the interrelationships between physical, aesthetic, and psychological constraints and client needs of the interior design problem. Embedded questions were chosen as a comparison learning strategy because they are a typical learning aid used by leading interior design textbooks.

Specific primary objectives of the study were to:

1) develop an Internet based, interactive prototype set of instructional materials for teaching interior design content to supplement traditional lecture/textbook presentation methods. The material covered three related textbook chapters. One chapter utilized researcher generated concept maps, the second required a student generated concept map, while a third employed embedded questions;

2) establish baseline data on the effectiveness (based on student performance on chapter assessment instruments) of concept mapping and embedded questions as a supplement to lecture/discussion instructional formats for increasing transfer among students with different learning style preferences for the population of interior design students defined in this study;

3) correlate temperament styles of students based on Keirsey Sorter type styles with preferred cognitive learning strategy; if there is no or low correlation, it may indicate matching learning activities to learning style is not critical but rather a convenience for learners; 

4) create an instrument to measure perceptions of concept mapping and adjunct/embedded question efficacy and gather preliminary data to begin Rasch measurement validation of the instrument for future use; and

5) begin prescriptive research that explores the efficacy of concept mapping as a solution for the problem of incongruence between instructor/textbook delivery style and students' learning styles.

Research Questions

Based on the broad objectives listed above in the statement of the research problem, the following specific research questions were addressed by this study:

1) Are concept maps an effective format which aid in organizing and retrieving information for improved learning?

2) Do materials incorporating concept maps versus those that use embedded questions result in greater achievement? 

3) Are there any preference patterns for a given learning strategy based on personality/temperament style?

Research Hypotheses

The following research hypotheses reflect the issues raised by the research questions and are numbered to match the respective research questions shown above. Research question number one is addressed through both research hypothesis number one as well as descriptive statistics taken from the post-treatment perception survey. Results from both research hypotheses one and two address research question number two.

Ha1:
Textbook chapters incorporating concept maps (Chapter 5-researcher generated maps and Chapter 6-student generated maps) versus those that use embedded questions (Chapter 4) result in greater achievement among interior design students.

Ha2:
Textbook chapters incorporating student generated concept maps (Chapter 6) versus those that use researcher generated concept maps (Chapter 5) or embedded questions (Chapter 4) result in greater achievement among interior design students.

Ha3:
There is a relationship between personality styles based on the Myers-Briggs/Keirsey Indicator and preferred learning strategy as measured by the Keirsey Temperament Sorter.

Delimitations

1) This study was limited to those consenting students enrolled in the Spring 2000 introductory interior design course HI 104 Housing & Interior Design (lecture based) at Southeast Missouri State University in Cape Girardeau, Missouri. 

2) Generalizations may be made, at best, only to interior design programs which are structured under the “Applied Arts” branch of program structure such as the program utilized in this study and may not be extended to programs housed under a more architectural design based or a home economics/fine arts based curriculum.

3) The student opinion survey was used only to gather pilot information of the efficacy of the various study strategy techniques and to aid with validation of the instrument for later use. It served only as a source of opinion to use as a point of departure for discussion of results rather than to aid in drawing definitive conclusions.

Limitations

1) Selection of textbook for the course was not under the researcher’s control and could conceivably affect the perceptions of students as to the relative merit of the materials used in the study.

2) The study specifies the use of researcher designed, selected response and short answer chapter assessment formats due to the difficulty in reliably scoring a concept map. The scoring of concept maps is problematic and takes time to learn to apply a defined rubric in a consistent fashion (Novak & Gowin, 1984). Because of this, use of concept maps in prior studies have been used not to generate a numerical index of comprehension, but rather as a means to holistically assess the breadth and depth of a student's comprehension and to identify any misperceptions. As such, the selected response and short answer essay format used to generate a score for each chapter may not fully reflect the true effectiveness of the concept map diagrams or the mapping process itself.

3) Based on the “relevance” component of Keller’s ARCS model of instructional design (Keller, 1983) and the research on motivation by Bernard Weiner and Albert Bandura (Gredler, 1997), it would be valid to expect potential differences in motivation levels between students who have declared interior design as a major and those who have a different major or are undecided. Again, the impact of the concept map as an instructional learning aid would hopefully cut across academic domains, but it may be that it is more beneficial to design students who are often more accustomed to organizing information in a graphic format.

4) The study used an intact group. Therefore, there may be pre-existing differences on variables affecting learning such as IQ, motivation, and prior knowledge of the chapter content. By having each student evaluate all three instructional strategies, the researcher expected to minimize potential differences in treatment effectiveness due to variations in each student's background and approach. Approximately 25-30 students typically enroll in the course each semester. 

5) The study did not use counterbalancing of learning strategies because each strategy was assigned to a particular textbook chapter based on the nature of the chapter content. Each chapter’s content built on previous chapters’ information thus requiring students to complete each chapter (and therefore experience the learning strategies) in a specified order.

6) Due to the emerging technique of concept mapping, no existing survey exists to measure user perceptions for this population. Therefore, the user perception survey utilized by this study was designed by the researcher and is in the developmental stage only. It should be subject to formal measurement analysis and revision techniques before use in drawing conclusions. No reliability or validity coefficients have as yet been established.

7) The self-reporting nature of the demographic and user perception surveys is a source for potential measurement error.

8) The reliability and validity of commercially available diagnostic inventories varies. Regardless of reported variation in inventory reliability and validity coefficients by different test evaluators, existing empirical studies continue to report the use of these same instruments to determine learning styles. Reliabilities of the Myers-Briggs Type Indicator (MBTI) exceed .70 with an acceptable validity coefficient between .20 and .60 (Berens, 1996). Ring (1998) notes meta-analytic studies report internal consistency reliabilities for the MBTI of .84 to .86 and .76 for test-retest reliability. Construct validity of the MBTI has been established through exploratory and confirmatory factor analyses comparing the MBTI to other personality inventories (Ring, 1998). Although reliability and validity coefficients are not published for the Keirsey Temperament Sorter (KTS), psychometricians report the KTS has a strong correlation with the MBTI (Berens, 1996). Both instruments report an approximate 25% error rate in test-retest results (Berens, 1996), with variations in temperament classification typically seen only in 1 of the 4 scales comprising the temperament type classification (Ring, 1998).

Definitions of Key Terms

Adjunct questions. A pedagogical strategy which consists of the inclusion of a series of supplemental questions placed prior to or after the body of instructional material. When located prior to instructional material, they act as an advance organizer. They are used to allow learners to assess their understanding of the presented material or to stimulate learners’ thinking toward paying attention to the consequences or impact of the material. Related to embedded questions.

Advance organizer. A visual/verbal tool presented at the onset of instruction to aid students in following the sequence and structure of the presentation. This might include verbal comments of the sequence of topics, written questions, written outlines, topics, charts, “open” outlines which students complete as the material is presented, etc.

CAI. Computer assisted instruction. In this study, it refers to the use of the computer to design and deliver Internet based instructional materials.

(Preferred) Cognitive learning style. "information processing habits of representing the learner's typical mode of perceiving, thinking, problem-solving and remembering." (Wooldridge, 1995, p. 50). Operationally defined as the combination of Kolb and Myers Briggs Type Indicator which classifies learning style by the preference for "doing" versus "watching/thinking" (Schroeder, 1997). These four styles comprise Kolb's Experiential Learning Model (ELM). Used synonymously with the Kolb LSI classification system in this study.

· Concrete active (ES): uses hands-on “doing” approaches/techniques and working with raw data/examples as opposed to theoretical concepts; these learners would be categorized as accomodators using Kolb's four learning styles.

· Concrete reflective (IS): watches actions of other students or reflects on own experiences, uses brainstorming and logs/journals to document thoughts and conclusions; these learners would be categorized as divergers using Kolb's four learning styles.

· Abstract active (EN): applies theory to problem solving via simulation, case

studies and homework; these learners would be categorized as convergers using Kolb's four learning styles.

· Abstract reflective (IN): uses lecture, papers, analogies, *concept maps; these learners would be categorized as assimilators using Kolb's four learning styles. 

(* It should be noted that concept maps are considered an effective primary means of bridging the gap between faculty and student learning styles, regardless of the student’s style of learning.) (Blackmore, 1996).

Concept map. Graphic portrayal of the main ideas/concepts of related content and their interrelationships using a combination of short phrases and simple sketches/abstract drawings as a visual “shorthand” with images/phrases connected to related content via lines and/or arrows. A few samples are shown in Figure 1.
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Figure 1. Variations of Style in Concept Maps

Embedded questions. A pedagogical strategy that consists of the inclusion of a series of supplemental questions often placed within the body of instructional material. They are used to allow learners to assess their understanding of the presented material or to stimulate learners’ thinking toward paying attention to the consequences or impact of the material. Related to adjunct questions.

Experiential Learning Model (ELM). David Kolb's model of instruction based on learners cyclically progressing through four cognitive instructional modes and processing information based on their learning style. Each teaching mode is necessary for learning to be optimized since abstract concepts (theory and ideas) must be presented, thought about (reflected on), applied to real situations (actively experienced) so as to fully embed new information within the learner's existing body of knowledge.

(Preferred) Instructional delivery style. Way of organizing information for presentation to students based on the instructors' cognitive processing and learning style. This refers to whether a more inductive or deductive approach is used, as well as whether information is presented from general to more specific or from specific examples outward to the more general case and categorizing structure. Further, this refers to whether any sort of advance organizer has been employed by the instructor (Brightman, 1997). Used synonymously with delivery style, teaching style or teaching mode in this study.

Keirsey Temperament Sorter II. A 70 item instrument designed to identify a person’s decision-making/personality style using four bipolar scales. This is a shortened version of the MBTI and is self scorable. It is available on-line at http://www.advisorteam.com/user/kts.asp. A related instrument, the Keirsey Character Sorter is at http://keirsey.com/cgi-bin/keirsey/kcs.cgi.(See MBTI.)

Kolb learning style. Preferred way of organizing and acquiring information. Kolb's four broad learning styles include converger, diverger, assimilator, and accommodator. The types are briefly described below (Renner, 1993; Schroeder, 1997).

· Convergers: like applying knowledge to actual problems as opposed to dealing in the realm of theory. Such an individual utilizes primarily deductive as opposed to 

inductive reasoning. These learners prefer strategies used by the EN (abstract active) instructional approach.

· Divergers: prefer to see a problem or situation from several points of view, and tend to be imaginative in coming to a solution. These individuals enjoy brainstorming as a technique to solution generation. These learners prefer strategies used by the IS (concrete reflective) instructional approach.

· Assimilators: like working in the abstract, often being good at model creation and model testing. If the model doesn't fit the facts, the assimilator will eliminate it and generate a new one--i.e. the model must work. These learners prefer strategies used by the IN (abstract reflective) instructional approach.

· Accommodators: like the converger, prefers to work with concrete applications of theory, and enjoys fully "getting into" new challenges. Like the assimilator, however, if the solution or theory doesn't fit, it will be discarded and the accommodator will use an intuitive approach to find a new one. The accommodator works well in a discovery learning mode. These learners prefer strategies used by the ES (concrete active) instructional approach. 

MBTI. The Myers-Briggs Type Indicator. This is a 126 item instrument which assesses an individual’s decision making approach and “comfort level” when faced with the need to make decisions and adapt to changing situations. Interpretations are based on the work of Carl Jung. It uses four bipolar scales which measure degrees of (1) Extroversion/Introversion, (2) Sensing/Intuition, (3)Thinking/Feeling, and (4) Judging/Perceiving. Each individual is classified by a four character designation which is some permutation of these four scales, such as ESFP, INTJ, etc. It is important to note that this instrument does not indicate that certain MBTI types are preferred over others, merely that the approaches used by individuals differ. This instrument, via its shorter Keirsey version will be used in conjunction with Kolb’s classification system to categorize students’ as to their preferred cognitive learning style (Schroeder, 1997).

· E/I scale: measures where a person draws their “energy” from--being around other people (E) or spending time alone (I).

· S/N scale: addresses whether a person gathers information to make decisions through their physical senses (S) or by intuition and indirect methods (N).

· T/F scale: measures whether decisions are made by an objective, “pros vs. cons” manner or whether feelings hold and guide the decision-making process.

· J/P scale: measures the degree of control desired in a situation and the comfort level and ability to adapt to rapidly changing conditions. The judging category does not “judge” as might be thought, but rather indicates a preference for the degree of control sought over a situation; individuals with a high "J" value as part of their MBTI classification often dislike and may have trouble with adapting to rapid change. Perceivers ("P"'s), on the other hand, are very flexible in their response to unexpected changes, and don’t require a high degree of structure/control over their environment.

Personality Temperament. A "shortcut" to describing an MBTI personality style based on common characteristics which individuals of certain MBTI styles share. Temperaments are useful in describing approaches to teaching and learning situations because they focus on how information is gathered and processed. The four 

temperaments are NF: the "Apollonian", NT: the Promethean, SJ: the Epimethean, and SP: the Dionysian (Keirsey & Bates, 1984).

· NF - "Apollonian:" The NF is a "people person" who is articulate, can draw other people out, takes criticism personally and whose goal is to be in harmony with themselves and others.

· NT - "Promethean:" An individual with an NT temperament gathers data that is abstract and shows possibilities, then thinks about them. Their hallmark is to theorize and intellectualize information and ask "Why/Why not?"

· SJ - "Epimethean:" The SJ gathers information in a very practical, relistic, organized and structured or systematic manner. Planning their work and "working their plan" characterizes the SJ individual.

· SP - "Dionysian:" SP's collect data in a practical and realistic way, but are spontaneous and flexible in their approach. The SP "lives for the moment," does not believe in long term planning and is action oriented.

Self-efficacy. The belief in one’s ability to achieve some desired outcome. This concept is related to locus of control, a concept which embodies how learners perceive their ability to control/alter outcomes (Evans, 1989).

Strategy efficacy. The various strategies' abilities to increase student performance on chapter assessment measures. In terms of this study, embedded questions act as the control group strategy while concept mapping represents the strategy of primary research interest.

Temperament Shortcut. See Personality Temperament.

Verbal learning style. For the purposes of this study, a learning style which focuses predominantly on the use of text-based (expository) information and strategies for learning.

Visual learning style. For the purposes of this study, a learning style which focuses predominantly on the use of graphics or diagrams for learning.








