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cognitive processing easiest for him/her. Several benefits of attempting to match this style, when conditions allow for it, are indicated by Sims & Sims (1995, p. 203) in their concluding summary of articles on identifying and acknowledging learning styles:

'Because many studies (Campbell, 1991) have indicated that the most successful students in a classroom happen to have the learning preferences that match the learning preferences of the instructor, effective instructors must attempt to devise strategies other than those they prefer to use. Instructors must reach those students who are mismatched with their own learning and teaching style. Many instructors have been adding instructional techniques to their repertoire for years just for the sake of variety; now there is a better reason for doing so. Not only has some research shown that many students' grades are higher when their learning preferences are matched with the instructor's but also, in most cases, students report higher scores on instructor 

effectiveness and course evaluations (Campbell, 1991).'

The context in which learning occurs includes several variables, among them the motivations and prior knowledge of the student, noted by Gagne (1985) as the internal events of instruction, and the actual structuring of a learning environment, whether it is lecture, guided discovery, group presentation, or some other method. These latter activities Gagne identifies as the external events of instruction and comprise the formal body of the field of instructional design. Gagne's external events of instruction, or "teaching activities", rely on clear communication between instructor and student, yet there are various ways by which communication may break down.

Factors Affecting the External Events of Instruction

The classroom activities seen are affected by the way we communicate, explained by communication theory, as well as by the principles of effective instruction embodied by instructional design theory and implemented according to what is known from learning theory.

 Communication Theory

One of the most direct ways miscommunication occurs is when the instructor's or textbook's method of information presentation is not easy for the student to follow. In terms of the Shannon-Schramm Communication model (see Figure 2), interference (noise) enters because the medium (channel) is not compatible with the learner in some manner (Heinich, Molenda, Russell, & Smaldino, 1999). The instructor (or textbook) typically takes on the role of sender, organizing (encoding) information in a particular way, presents that information through a particular delivery medium and approach (channel) to the student who receives and cognitively processes or decodes it. The accuracy of the meaning of the material is dependent on both the sender and receiver's ability to understand each other in common terms (field of experience). If there is a lack of shared meaning, or less than clear ability to transmit the information, then communication experiences interference (noise), diminishing learning. It is through feedback that noise is detected (Heinich, Molenda, Russell, & Smaldino, 1999).
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Figure 2. Schannon-Schramm Communications Model

Learning Theory and the Instructional Design Process

Communication is only one facet of the instructional environment. Understanding how the learner processes the information conveyed is another major factor in academic success. Literature in the area of learning theory covers a broad range of topics along with several individual theorists and movements and the premises each maintain for how learning occurs. A historical description of movements generally begins with Behaviorism and the concepts of classical and operant conditioning, and progress through a variety of movements to information processing theory and constructivism (Gredler, 1997). Information processing theory postulates the mind works like a computer. In this model, the learner screens information in the environment. That which is attended to enters into short-term memory, where it is either ignored and forgotten, or "worked with" and passed on into long-term memory after being arranged (encoded) in some fashion. Once in long-term memory, it is theoretically available to be recalled for use. The Constructivist model of learning holds that learners actively create or construct the encoding mechanisms (ways of grouping/linking sets of related information) which facilitate retrieval of the information later on. It is these links and the complexity of these groupings (webs or schema) of information which affects the relative difficulty of recalling information (Gredler, 1997).

Learning theory concepts addressed range from developmental readiness for learning, desire to learn (i.e. motivational factors of learning), to how information is acquired and cognitively processed for future retrieval. There are theories which address why specific results of assessment or other academic behavior occur (Gredler, 1997). Yet, only a few of these theories offer any concrete prescriptions for how to bring about learning. One notable instructional psychologist, Robert Gagne, attempted to bring order to the chaotic combination of variables which intervene in the learning process. His theory, due to its prescriptive and procedural nature, crosses over into the related discipline of instructional design. Instructional design offers concrete suggestions on how to design and deliver training and classroom instruction by taking into account learner characteristics, physical resources, media delivery options, the nature of instructional content and performance outcomes/goals (Dick & Carey, 1995; Gagne, 1985; Gagne & Briggs, 1979).

Gagne’s Instructional Events

Gagne proposed a taxonomy of five different kinds or types of learning which occur, with each type requiring different, specific conditions for success. Regardless of the particular type of learning taking place, Gagne proposes a general procedural framework for instruction which involves a nine-step process (Gagne, 1985; Gagne & Briggs, 1979). These sequential steps are:

1) gaining the learner's attention;

2) informing the learner of the instructional objectives;

3) stimulating recall of prerequisite information (prior knowledge);

4) presenting the stimulus material (lesson);

5) providing learning guidance (hints, analogies, examples);

6) eliciting the performance (practice);

7) providing feedback (correcting/congratulating/encouraging; remediate if necessary);

8) assessing/evaluating performance (testing/questioning); and

9) enhancing retention and transfer (repeating content and providing more practice).

A key facet of Gagne's instructional model is the use of learning objectives. Identification of objectives not only allows the learner to focus on the expected outcome or behavior, but allows the instructor to structure the sequence of topics to ensure learners have the potential for experiencing success by identifying any prerequisite skills/information necessary for the achievement of the terminal (or unit) objective(s) of the instruction. Thus, learners are more focused on the instructor's presentation, and the instructor avoids the pitfall of expecting competency for an objective when students may not have the required prerequisite skills necessary for successful performance. The process of analyzing content through a series of sequentially ordered objectives is referred to as hierarchical analysis (Gagne, 1985) or task analysis (Dick & Carey, 1995).

Factors Affecting the Internal Events of Instruction

Learning, however, doesn't occur in a vacuum. Gagne's nine events of instruction merely comprise the external conditions of instruction. The other half of the equation, equally important, involves the internal events of instruction. These internal events are those factors associated with the individual learners themselves. Although there are several models of instructional design frequently employed by educators and trainers, they each address characteristics of the learners. Such characteristics usually include but are not limited to age, socio-economic status, grade level, prior courses taken, test scores, personal experience brought to the classroom, preferred learning style, and level of motivation (Cranton, 1989; Heinich, Molenda, Russell & Smaldino, 1996; Koontz, 1996; Wlodkowski, 1993).

Learner characteristics are critical to consider in the design of instruction and instructional materials, as adult learners are considerably different from younger learners. Younger learners are much more dependent on the teacher for providing answers and their self-efficacy may be less strongly developed due to their lack of academic and life experiences. The adult learner, on the other hand, is much more independent of the instructor in a learning situation, has a rich body of prior experience on which to draw to formulate answers and apply to problem-solving situations, and has a much more strongly developed sense of self-efficacy (which may be either a good or a bad situation) based on their prior experiences. As such, how material is handled in the classroom will differ dramatically between these two age and experience groups (Cranton, 1989; Sims, 1995; Wlodkowski, 1993).

Motivation is an intrinsic part of learning, affected by the student's prior experiences. If the experience has been considered worthwhile or relevant, motivation for learning can be deemed to be enhanced. If the experience has not been considered especially worthwhile or relevant, motivation brought to this same topic the next time it is encountered will be less than optimum (Keller, 1983). The benefits of having students avoid incongruence with their instructors'/textbook author's delivery style is noted by Vermunt & Verloop (1999). Friction between the student's cognitive processing style and the instructor's delivery style causes a decrease in student motivation to learn. This, in turn, can lead to lowered self-perceptions of ability and potentially lead to less actual learning due not to actual ability, but rather to the student's motivation level.

Motivation & Cognitive Learning Styles

Self-efficacy, or the ability to bring about desired outcomes, is a critical aspect of instruction, as it is a prime influence on motivation levels brought to bear on instruction (Evans, 1989). Particularly for individuals with a low sense of self-efficacy, where curiosity about a topic or desire for a particular competency may be a primary motivator, the manner of structuring the course content becomes a major issue. Such learners are prone to laying blame for poor results on their abilities or the teacher's approach and tend to give up easily when presented with challenging situations (Evans, 1989; Wlodkowski 1993). Self-efficacy and patterns of success tend to go hand in hand, in effect, a self-fulfilling prophecy, i.e. "I always do poorly, so why should I study? It's a waste of time, because I can't get it anyway, no matter what I do." Thus, a desire for competency or to satisfy curiosity (both of which are intrinsic motivators and thus internal conditions for instruction) may be subsumed if the instructional environment does not provide the means to foster success and develop learner confidence (Keller, 1983; Sims?, 1995)

Therefore, the challenge for educators is to 1) motivate students and 2) structure the learning process to allow students to experience success so they either become or remain motivated to apply themselves in the future. Wlodkowski (1993) indicates four components which affect motivation. He stated motivation is affected by 1) success, 2) volition (free will of the learner), 3) value (of information), and 4) enjoyment (of the learner). While the first two components are necessary, to maximize the level of motivation applied by the learner, the addition of value, or usefulness, and enjoyment are also required. This view parallels John Keller's frequently cited ARCS model of instruction, where one must first gain the attention (A) of the learners, then indicate the relevance (R) of the material to keep them engaged, followed by structuring learning to provide confidence (C) in the ability to use the material and thus experience success (S) (Keller, 1983; Small & Gluck, 1994).

Learning Style Taxonomies

Further complicating the issue of understanding research on factors affecting student performance is the wide array of classification systems used for labeling learning styles, thus making it challenging to compare various research studies and draw generalizable conclusions. Three of the more frequently encountered learning style labeling systems use the terms indicated below. The first two systems are associated with use of the Myers-Briggs Type Indicator (MBTI) and the Kolb Learning Styles Instrument (LSI). The third system is attributed to Witkin (Saracho, 1998).

1) concrete active, concrete reflective, abstract active, and abstract reflective;

2) accommodator, assimilator, diverger, and converger, and

3) field dependent and field independent.

The first system describes the nature of the activities in the learning environment the learner prefers to engage in--a means of physically interacting with. Typically, the selection of mode of instruction is made by the instructor and manifests as the use of lecture, experiment, group work, reports, projects, etc. It is rarely under control of the learner, unless the learner is pursuing independent study of a topic. The second system describes learning style--how the learner prefers to cognitively process and integrate new information with existing information --a "socialization factor"--by seeking differing viewpoints, brainstorming, reflecting on information and developing theories, preferring to engage in problem-solving (Rainey & Kolb, 1995). The third system describes the ability or ease with which the learner is able to extract information and extrapolate from the direct instructional context. The learner who has to have the majority of information directly at hand is labeled field dependent; the learner who has an easy time extracting information directly and drawing inferences from other sources of information to enhance the presented material, thus seeing the material in a broader holistic context, is labeled field independent.

This latter system is considered relatively stable, and may be considered a learner trait which is not subject to change and manipulation (Smith & Ragan, 1999). The systems based on the MBTI and LSI represent preferences and approaches which learners typically use if it is under their control to do so, but are not always able to implement. This study will focus on the MBTI and LSI systems classification labels and explore the efficacy of learning strategies of concept mapping versus embedded questions as a means to accommodate learners when there is incongruence between their individual preferred learning styles and the teacher's/textbook author's instructional delivery approach.

Temperament Types and their Impact on Learning Approaches

To understand the implications of teaching-learning style differences, it is important to recognize characteristics of the four main temperament types defined by the Myers-Briggs Type Indicator (MBTI). Based on the four scales of the instrument, which measure the characteristics pertaining to 1) where you draw your energy from (E/I), 2) how information is gathered (S/N), 3) how decisions are made/filtered (T/F), and 4) how you orient your life (i.e., degree of control desired over circumstances) (J/P), four temperaments emerge which have application implications for the teaching/learning environment. The four temperaments consist of a two letter combination and are noted as NF: the "Apollonian", NT: the Promethean, SJ: the Epimethean, and SP: the Dionysian (Keirsey & Bates, 1984). The temperaments can be broadly categorized into two groups: the "intuitives", combinations having an "N", and "sensors", temperaments containing an "S". This N/S scale addresses how information is taken in by a person (Kroeger & Thuesen, 1988).

Research indicates faculty personality styles predominantly reflect the intuitive-feeling ("NF") orientation on the Myers-Briggs Temperament Instrument (MBTI), but many adult learners styles are of the sensing-judging ("SJ") type (Kroeger & Thuesen, 1988). A faculty member's MBTI personality style influences the way they organize and present information (Kroeger & Thuesen, 1988). The NF individual prefers exploring ideas and several viewpoints, sees many possibilities and has difficulty coming to closure. Adjectives used to describe NF individuals are: random, future-oriented, conceptual, theoretical, fantasy, general. The SJ individual is practical and prefers a high degree of structure and order. SJ adjectives include: direct, present-oriented, realistic, fact-based, practical, specific. Kroeger and Thuesen (1992, p. 35) state:

So many of our communication difficulties begin with S-N misperceptions: One person sees a forest, the other sees trees. The differences have a lot to do with the way we learn, particularly in school or professional training. Sensors prefer to learn through facts, which they prefer be given sequentially. In contrast, iNtuitives gather things in a more random fashion, making "leaps" along the way....

Brightman (1997) notes if the instructor's presentation style differs radically from the cognitive learning style of the student using Kolb's classification system (accommodator, assimilator, converger, or diverger), the student will also likely experience difficulty. These differences have implications for structuring and presenting course content, and potential for causing varying degrees of student discomfort, leading to lowered student self-efficacy.

Where the approaches to learning and the teacher's theories about teaching are mismatched a series of frustrations for the student can result....Fox (1983) notes that a common mismatch occurs where the students view the teaching and learning process as a transfer of knowledge. They will expect well-structured lectures which leave them with a set of comprehensive notes which they can learn and later reproduce in an examination. Such students will be impatient with any attempts at introducing experiential learning such as projects, simulations and games. They will see such exercises as a waste of time because they know that the information transferred in such procedures can be transferred much more rapidly in lectures and duplicated notes. Sometimes students see some of the more creative exercises (which they have to work on independently or in groups) as an abdication of responsibility by the teacher. The students are resistant to activities designed to help them 'learn for themselves' because they see it as the teachers job to teach them. In this case the teacher has a developed theory of teaching whilst the student has a surface approach to learning and the resulting frustrations are likely to lead to a mutual loss of respect... (Johnston, 1995).

In terms of teaching and learning modes, the person with an NF temperament accounts for 12% of the population and sees a variety of possibilities and then applies them among their acquaintances. 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. The NF instructor's goal is to make each student cared about. Learning is successful if students feel happy and understood. The NF learner wants to please everyone, especially the teacher, and will be unhappy if this doesn't occur or is perceived as occurring (Kroeger & Thuesen, 1988).
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Figure 3. Temperaments in the Population by Percentages

An individual with an NT temperament gathers data which is abstract and show possibilities, then thinks about them. The NT hallmark is to theorize and intellectualize information and ask "Why/Why not?". NT's, like the NF's, comprise 12% of the population. NT's are typically enthusiastic and may tend to take risks. The strengths of an NT are the ability to "see the big picture", good conceptualization abilities, precise communication skills (written and verbal) and insight into underlying principles and logic. As learners, NT's are discussion oriented and "...learn by challenging any authority or source. They have their own standards and benchmarks for what is "competent," against which they measure themselves and everybody else."(Keirsey & Bates, 1984, p. 54) As instructors, NT's like to be challenged by students. Their clear communication abilities are well received by their students, but students may also be intimidated by them (Kroeger & Thuesen, 1988).

The second group of temperaments, the sensors, comprises the majority (73%) of all learners. After the 12% allocations of the each sub-group of intuitives, the next largest temperament type is the SP's, who comprise 35% of the population. SP's collect data in a practical and realistic way, but are spontaneous and flexible in their approach. The SP "lives for the moment", not believing in long term planning and is action oriented. SP strengths include practicality, excellent problem-solving abilities, especially with hands-on material, resourcefulness, and ability to prioritize to address immediate needs. As teachers, they make excellent instructors of practical skills but tend to hate lesson planning. The SP learner excels at practical subjects but views theory as irrelevant, tending to shun it if at all possible (Kroeger & Thuesen, 1988).

The last temperament, the SJ, is the largest group of individuals, consisting of 38% of the population. The SJ gathers information in a very practical, realistic, organized and structured or systematic manner. Planning their work and "working their plan" characterizes the SJ individual. These individuals are the stabilizing traditionalists of society, whose strengths include dependability, ability to take charge and seeing the job gets done. As teachers, SJ’s value the following of instructions as much as they do the subject content of the assignment or project. For them, neatness counts! As learners, SJ’s want an organized teacher that does or presents what was indicated would be done or presented. These learners may be less open to learning things in a new way unless the reasoning is made clear to them (Kroeger & Thuesen, 1988).

Problems Based on Differing Temperaments

Research shows that personality styles of instructors frequently reflect the "NF" orientation on the Myers-Briggs Type Indicator (MBTI), but many adult learners styles are of the SJ type (Kroeger & Thuesen, 1988). The NF teacher's goal is to provide students with a "warm fuzzy" environment with several learning style possibilities, while the SJ teacher is after the rules/procedures being followed in a situation predominantly controlled by him/her. In terms of structuring assignments and presenting instruction, the SJ wants everything spelled out and procedurally defined, while the NF wants the latitude to be able to "do their own thing in their own way". Additionally, if the presentation style of an instructor differs radically from the cognitive learning style of the student using Kolb's classification, (such as an instructor being a diverger, desiring to explore many viewpoints before reaching consensus and a student being a converger and preferring to "nail down" or quickly synthesize different points) the student will also likely experience difficulty (Brightman, 1997). Such differences have the obvious potential for causing various degrees of discomfort for the learner, and could lead to lowering self-efficacy of the student. Johnston, in a 1998 article distributed via the Internet states:

Where the approaches to learning and the teacher's theories about teaching are mismatched a series of frustrations for the student can result....Fox (1983) notes that a common mismatch occurs where the students view the teaching and learning process as a transfer of knowledge. They will expect well-structured lectures which leave them with a set of comprehensive notes which they can learn and later reproduce in an examination. Such students will be impatient with any attempts at introducing experiential learning such as projects, simulations and games. They will see such exercises as a waste of time because they know that the information transferred in such procedures can be transferred much more rapidly in lectures and duplicated notes. Sometimes students see some of the more creative exercises (which they have to work on independently or in groups) as an abdication of responsibility by the teacher. The students are resistant to activities designed to help them 'learn for themselves' because they see it as the teachers job to teach them. In this case the teacher has a developed theory of teaching whilst the student has a 

surface approach to learning and the resulting frustrations are likely to lead to a mutual loss of respect...

Learning style descriptions typically are derived from a student's position along two continua at right angles to each other. One continuum measures a preference for abstract or concrete learning activities; the second continuum measures the preference for active versus reflective activities. Thus, four possible combinations are the result: abstract active (EN), concrete active (ES), abstract reflective (IN), and concrete reflective (IS) (see Figure 4) (ASTD Report, 1988; Johnston, 1995). 
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Figure 4. Dual Continuum Learning Styles Environment Model

Research shows that today's students have enactive learning style preferences which prefer the use of concrete examples, yet the majority of university faculty members are more abstract and theoretical in their own learning and thus teaching styles. In fact, according to Schroeder (1997), 75% of faculty members prefer an abstract reflective approach whereas 50% of students prefer a concrete active cognitive approach. Therefore, 25% of faculty, at best, are reaching a maximum of 50% of their potential student audience, probably less since it is reasonable to expect students of each of the four learning style preferences to be enrolled in any particular course. Another factor, sometimes mentioned in studies of learning styles, refers to brain hemisphericity--the "left brain/right brain" issue. Sims (1995), citing a study by Hodgetts (1991) indicated approximately 30% or more adults are "right brained", preferring more interactive, loosely structured, discussion and discovery approaches to learning. Given that 1) research shows certain learning styles respond better to particular learning environments, 2) students perform better in environments where material is delivered via methods congruent with their learning/cognitive style, and 3) "...many instructors tend to be rigid in their teaching style" (Sims, 1995, p. 158) as seen by repetitive use of lecture for delivery and the same notes from year to year, therein lies the problem. 

By combining the Kolb learning style and MBTI decision-making style classification systems, a dual continuum model containing four quadrants emerges which may be used to structure course activities in a variety of ways which accommodate various students' preferred learning styles (see Figure 5). The four quadrants, depicting different learning environments and teaching/learning strategies are labeled and described as follows:

· concrete active (ES): using hands-on "doing" approaches working with raw data/examples as opposed to theoretical concepts; this is the approach affiliated with the accomodator learning style;

· concrete reflective (IS): watching other students or reflecting on one's own experiences, using brainstorming and logs/journals to document thoughts and conclusions; this is the approach affiliated with the diverger learning style;

· abstract active (EN): applying theory to problem solving via simulation, case studies and homework; this is the approach affiliated with the converger learning style;

· abstract reflective (IN): using lecture, papers, analogies, *concept maps; this is the approach affiliated with the assimilator learning style; (*concept maps are considered an effective primary means of bridging the gap between faculty and student learning styles, regardless of students' preferred style of learning.) (Blackmore, 1996).
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Figure 5: Dual Continuum Learning Style Environment & Strategies Model.  

Instructional Presentation/Delivery Strategies

A variety of instructional learning aids are seen throughout college textbooks and used in courses. Questions asked of students or placed somewhere within textbook chapters, chapter summaries, and tables are often used devices. However, the ability to synthesize and display all major relevant topics/concepts and indicate how changing one concept impacts another one is often overlooked by instructors and textbooks alike.

General Reading Strategies and Learner Comprehension

In many typical collegiate texts, it is common to present page after page of text, with no or few textual breaks which allow the reader to reflect and determine their understanding of the material being presented. In introductory interior design texts cited for reference for the National Council for Interior Design Qualification (NCIDQ) examination, the only learning aids provided are some brief questions, typically located at the conclusion of the chapter. These questions were only found in one of five commonly used textbooks. Additionally, only two of these textbooks have a companion instructor's guide; the guides contain brief chapter outlines and selected response test questions. Thus, for the most part, students are left to ferret out important ideas and their interconnections without additional aid from the text itself.

Typically, the presentation of the relative importance or hierarchy of ideas is dependent on the visual cues the text provides based on inclusion of photographs and use of diagrams, italics, boldface, different colored text, differences of font size & face, as well as repetition of content and use of concrete examples. Empirical studies of the readability or "ease if reading" of expository text indicate visual cuing, level of vocabulary, use of and explicitness of examples and diagrams, and location of diagrams in relation to the location of the accompanying text are some major factors in facilitating learner comprehension (Mickler, 1989).

A 1995 meta-analysis on advances in research on instruction over the past thirty years, conducted by Rosenshine, relates several issues of importance with regard to student learning. The analysis assessed research results from studies of cognitive processing, cognitive strategies, and strategies used in classrooms reporting highest gains in achievement. Studies found greater recall is enhanced by having larger, highly organized schemas with strong cross connections; i.e. the "richer" the network of connected information and concepts, the greater the retention and easier the recall of that information. Additionally, studies of expertise show that experts (as opposed to novices) have larger, stronger and more organized networks which allow patterns of solutions to be more readily identified and which result in more efficient usage of working memory and storage space.

 The instructional implications of the cognitive processing research in the Rosenshine meta-analysis indicate teachers should: 1) help students develop background knowledge by providing multiple opportunities to read, review, practice and discuss content; 2) provide activities which require students to actively process information including answering/writing questions, creating diagrams/ maps, providing new examples of concepts, explain content to fellow students; and 3) help students organize information by using a "think aloud" process when problem-solving, and having students use graphic organizers, outlines and other summarizing formats. Rosenshine noted the research indicates it is just as important to teach students how to make various organizers and it may be the benefit of such study aids is gleaned from the creation process of organizer construction and not necessarily the reference use of questions or diagrams as a summary study. This is because the process forces students to engage in higher order thinking and active processing in order to draw connections which allow organization and summarization of information to occur (Rosenshine, 1995).

Rosenshine's meta-analysis findings regarding research on teacher effectiveness and high achievement of students are consistent with several elements found in current instructional design models. The elements include a brief review of prior material before moving on to new content; listing instructional objectives; providing information in short chunks with spaced, guided practice after each chunk; giving clear and detailed instructions, eliciting feedback from students to assess their comprehension level; and providing students feedback to let them know the quality of their responses. If feedback is not provided, students are unaware of the type and severity of their errors and are unable to correct their perceptions (Rosenshine, 1995). 

The final topic of this meta-analysis (Rosenshine, 1995) was instructional advances currently available to educators. Given the body of research, educators are now able to ask themselves what cognitive strategies are available which may help their students complete learning tasks. Secondly, the research shows instructional strategies are effective and capable of being taught. When strategies are taught, teachers should: 1) provide concrete rules/prompts on how to create questions/diagrams, 2) teach the strategy in small steps to avoid overloading working memory, 3) model the use of the strategy, such as the "think-aloud" process, and 4) provide guided practice of the strategy use including a) using simplified material, b) completing some of the steps for students, and c) discussing common student errors (Rosenshine, 1995).

A study by Ruddell & Boyle (1989) surveyed a major West Coast university and found students usually use only a single strategy, that of underlining, and then they reread the text and ignored using any other strategies to help organize information. This study found the student must use both declarative knowledge (facts and organizing structure of the material) and procedural knowledge ("knowing how to") to properly arrange and integrate new information from the textbook into memory.

Adjunct/Embedded Questions and Learner Comprehension

Research on the effect of using study questions has addressed a variety of variables. These variables typically have included the: 

· location of questions in text passages (are they at the beginning, end, or inserted within), 

· frequency of questions if they are inserted (embedded) within the paragraphs of a text passage, 

· type of question(s) used (factual/definition/knowledge/lower-order versus meaningful/application/higher-order)

· use of feedback to questions (is it given or not?)

· type of feedback provided for questions if it is used (correct answer with no explanation, correct answer with explanation, self-correction)

· nature of instructional examples and non-examples, and 

· time between studying and taking a test.

Various factors have been found to influence learning from adjunct questions. These include readability, specific versus general statements, repetition, and explicit organization. Learning from this strategy involves the use of mathemagenic activity, or engaging in behavior directly supportive of learning (Higgins & Ambrose, 1995). Because of the wide variety of variables, more research is needed to explore the efficacy of this learning strategy, especially by using different educational conditions and printed materials (Higgins & Ambrose, 1995). The efficacy of learning questions is inconclusive (Higgins & Ambrose, 1995); it may depend on the type of feedback given and the type of adjunct question the feedback is provided for (Andre & Thieman, 1988). Further, feedback appears to be helpful for memorization but requires more than one single occurrence of it to aid with concept acquisition (Andre & Thieman, 1988). A study by Park and Tennyson (1980) indicated students may need approximately four examples with feedback to benefit from using questions for learning. (Andre & Thieman, 1988). Other studies indicate that questions are differentially effective and the nature of the questions used will affect learning outcomes (Hamilton, 1989). Hamilton (1992, p. 90) states for learning from text, students must "…actively target concept definitions and teaching examples and apply these concepts to a variety of novel situations". Hamilton (1992) additionally points out the lack of research using long, typical passages of text typically found in the collegiate environment and studies utilizing this quantity of prose are needed. Further, he indicates additional study must be done addressing the number of questions used in passages per concept, the retention intervals, and the nature of the text.

The overall effectiveness of study questions as a learning strategy varies depending on the particular variables under study. There seem to be no clearly generalizable conclusions across several populations. Various studies findings are presented here; the reader is encouraged to be cautious in drawing inferences.

The most recent study found to date was conducted by Peverly and Wood (2001). The population was that of reading disabled 14- to 16- year old students in grades 9 through 11 who scored 2 to 4 years below their appropriate grade level on a standardized reading comprehension test. The study used a sample size of fifty. The independent variables were the use of embedded questions versus massed post questions and use of feedback versus no feedback; the dependent variable was reading comprehension on a 750 to 1000 word long passage of text. Findings on the hypotheses indicated that comprehension was greatest with the use of higher-level inserted questions followed by higher-level massed post questions, followed by lower-level massed post questions and finally the control group with no questions. A second finding was that adjunct questions help facilitate transfer. Third, comprehension improved with the use of feedback on inferences and main ideas; fourth, comprehension increased with the passage of time up to a certain point; and finally, inserted questions help increase reading comprehension of younger disabled students. This study cautions readers that their findings hold generally for higher-level (inference and main idea) questions, and that this population and possibly younger aged audiences may need more practice than non-disabled or older students.

A 1988 study conducted by Andre & Thieman addressed the dependent variable of learning concepts from text and the independent variables of type of adjunct question, use/non-use of feedback, type of feedback, time of delay between studying and taking a test, and motivation level. The study consisted of two separate experiments using undergraduate psychology student volunteers; in one experiment the sample consisted of one hundred thirty-five students, in the other experiment there were three hundred ninety-six students. A reading passage of approximately six hundred words was used. Results showed motivation not to be a meaningful factor, therefore, it was not be listed in the findings. Conclusions from these experiments indicate that feedback may not always help students in learning; rather that it helps if students are tested over the questions used as learning aids but not necessarily in applying the information to new examples. A second finding was that the questions work better if there's at least a one-day delay between study and testing. Andre and Thieman further indicate there may need to be more than one feedback session to aid in learning and suggest that a single application question is insufficient to ensure learning of various concepts. An additional finding was that using factual questions in combination with application questions produced poor results and they suggest that may be due to the time constraint imposed on the participants, forcing them to spend less time reading when looking for answers to multiple questions.

Richard Hamilton, a researcher at University of Houston, has chosen to conduct studies of the use of study questions on concept learning and problem solving with the collegiate audience. His research has focused on the nature of questions and the instructional examples/non-examples used to illustrate concepts. Two of his studies are presented here. Hamilton's 1989 study included two trials of one hundred thirty-two psychology and educational psychology volunteer students each (no students were involved in both trials). The independent variable was nature of questions embedded into a six-paragraph text passage. One group used a passage with two application level questions inserted after various paragraphs in the passage while the other group's passage questions consisted of one definition/factual question and one application question inserted in the same locations as for the first group. The questions for both groups were in a multiple-choice format. Secondly, the application questions were of two types: unmatched, which use identify clear differences between examples and non-examples of the concept's identifying characteristics; and matched, which are more subtle differences between examples and non-examples of the concept's identifying characteristics. His findings show that 1) definition questions help activate recall of important concept characteristics and allow students to benefit from application questions and 2) only unmatched application questions benefited from use of a definition question. This contradicts prior research; Hamilton suggested this may be due to a lack of feedback or the type of cognitive processing is used by different types of questions. He further suggested that matched practice allows comparison of similar non-examples but without feedback on the examples, one would not expect to get the benefit of practice on this type of example. The final finding was that the most effective type of teaching examples and non-examples may vary based on the type of instructional materials used.

Hamilton conducted a second study similar to his 1989 research. This latter research (1992) again involved the use of matched versus unmatched application questions versus definition questions but added in the use/non-use of feedback; however, this time he used problem solving as the dependent variable. Participants included seventy-eight volunteers enrolled in an introductory educational psychology course with twenty-six in each group. Students read the passages, again being told not to turn back the pages to earlier ones, and then take a post-test. Findings on this study showed application questions, regardless of type (matched or unmatched) worked better for aiding comprehension than definition questions. A second finding was that type of application question differentially affected students' knowledge of concepts, procedure, and context with unmatched non-examples increasing problem-solving ability, classification of new examples and recall of factual information. Matched non-examples only helped in classifying new examples. He theorized that unmatched situations present a broader context of classification characteristics, enhancing active processing of information. Problem solving ability outcomes based on definition questions were not affected by the type of application question they were paired with or the lack of pairing with application questions. Finally, Hamilton concluded that feedback is necessary to gain advantage of using matched questions; this finding is consistent with the results of the 1989 study. Hamilton concluded that additional research is needed on the use of adjunct questions across a variety of variables and populations.

Adjunct questions have also been used with senior learners. A 1995 study by Higgins & Ambrose looked at the impact of adjunct questions on patient education regarding recall of information on post-operative eye care. The study used ninety adult volunteers whose mean age was 77 years old. Participants were asked to take half and hour to read the material and then verbally tested in an interview. One version of the material was text plus pictures while a second version was text plus pictures plus adjunct questions embedded at four points in the pamphlet. Findings showed adjunct questions had no effect on increasing recall of concepts even though subjects reported the questions were helpful at implanting ideas. Higgins and Ambrose comment that the purpose for reading may be a factor, in that without any external motivation to read the material (i.e. patient need for undergoing opthalmic surgery and thus experiencing the post-operative situation requiring use of the material) may be contributing to the lack of significant results. They conclude that use of questions "... can only prompt cognitive effort; they cannot compel or instigate it" (Higgins & Ambrose, 1995, p. 73).

A study conducted by Duchastel and Nungester (1984) is of interest as it more closely parallels conditions encountered in the collegiate instructional environment, namely, adult learners and the students' ability to review material to answer study questions as they read, followed by a time delayed assessment. The study was conducted in a naturalistic setting which used 138 tenth-grade students from a suburban high school who participated in the study as part of their normal class work. The independent variable in the study was location of questions (inserted among paragraphs of text versus placement at the end of the passage) and compared to a control group which did not use questions. A departure from the collegiate setting is the length and complexity of passage, which was a moderately short (1700 words), simple twelve-paragraph passage on history. The questions were of factual nature. Students were asked to read the passage and answer questions as they read, unaware there would be a post-test over the information two weeks later. Findings showed the use of questions in either location in the passage promoted better recall than the lack of study questions, however, there was no difference between the use of the inserted versus as opposed to massing the questions at the end of the passage.

The majority of reported studies use very short passages of text and an immediate test situation, both of which are atypical of the collegiate learning environment. Thus, additional studies of the impact of study questions are indicated (Andre & Thieman, 1988; Duchastel & Nungester, 1984; Hamilton, 1992).

Concept Mapping and Learner Comprehension

A current topic of interest in education/educational psychology is the technique of concept mapping, known also as mind mapping, concept webbing, or simply as webbing. This technique involves depicting the main ideas of instruction in a graphic/sketch manner and showing the relationships between ideas through relative position and drawn lines/arrows, etc. In this way, it is possible to portray overall content in a sort of "holistic" drawing. Thus, it is possible to see linkages and connections which may sometimes be lost in a traditional linear and verbal (i.e. textbook or lecture) approach to presentation of instruction (Novak & Gowin, 1984). A concept map may be thought of as a "visual outline" or model of content.

Concept Mapping as a Learning Strategy

The technique of concept mapping was invented by Joesph Novak of Cornell University. It is based on Ausubel's learning theory, which states that "...a key factor for potential success in meaningful learning is the framework of relevant concepts or propositions the individual possesses." (Novak, Gowin, & Johansen, 1983, p. 625). A concept map is a diagram consisting of main ideas/topics placed in circles with lines drawn between related ideas. From the main ideas, subordinate ideas branch outward (Figure 6). The maps may also include quick sketches, symbols and other imagery, as well as the application of color to create emphasis and for coding purposes (Figure 6). While the maps may be hierarchical in nature, they frequently are not (Buzan, 1989; Wycoff, 1991).
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Figure 6. Concept maps showing Variations in Style and Degrees of completeness

Research suggests that the graphic, non-linear nature of concept maps aids students in seeing the interrelationships which exist between various pieces of information and the potential consequences of ignoring such interrelationships (Novak & Gowin, 1984). Further, it is believed that concept maps may literally act as "road maps" to aid the student in understanding exactly where the information presented by the instructor or textbook fits into the "big picture". Frequently, it is easy for the instructor to become involved in the presentation of complex details of topics without realizing that students don't have the same conceptual understanding of the material themselves. Without at least an intuitive understanding of how the information relates to the "whole", students often find it difficult to fully conceive of the importance of the material being presented, and thus don't recognize the interrelationships and/or impact which instructors often assume they have conveyed in their presentation.

It is this researcher's opinion that the use of such graphic techniques parallels the Constructivist model of learning theory's explanation of how information is encoded and recalled, and that by using the technique, learners have to process the information more deeply to be able to properly create the map (i.e. have the relationships correctly depicted). Thus, the more deeply information is processed, the greater the ability to recall it, enhancing retention and thus aiding academic success. It will further allow students the means to organize material from textbooks and lectures, even if they don't fully understand how the lecture material may fit in the "grand scheme of things". The map itself is a tool which helps identify potential gaps or misconceptions in knowledge when presented to an instructor for review (Johnston, 1998).

A review of the literature supports the premise that concept mapping parallels cognitive processing learning theory. Although there are several variations on concept map appearance, they typically depict relationship(s) between major concepts as a series of disparate bubbles connected by lines with the type of relationship indicated (in words) between the bubbles either parallel to or embedded within the lines. Concept maps can further be enhanced by using simple graphic images and color to aid in conveying and coding the concepts (Buzan, 1989).

Cognitive processing theory states that for information to be retained, it must be attended to and encoded into long-term memory by the learner linking new information to existing information thus creating a series of perceptual networks or schema. The more entwined the new information is in multiple networks, the more thoroughly it is understood, creating a deeper level of learning and increasing the potential for greater retention and ease of recall at a future time (Gredler, 1997). The concept map's interlinking graphical structure is thought to be equivalent to the cognitive networks' structure in the brain. Each topic and sub-topic can be thought of as a node with potentially several "hooks" attached. When information is related, these "hooks" catch onto each other, causing nodes to become linked or chained together (Buzan, 1989; Wycoff, 1991).

Classroom Applications of Concept Mapping

Several studies have been done on concept mapping. Issues of interest address the development of the technique for use in various courses and for various audiences. The most common dependent variables include some measure of learner reading comprehension as measured by quiz scores, while quality of writing performance has also been measured (Prater & Terry, 1988) and at least one study (Hall & O'Donnell, 1996) specifically measured the affective perceptions of learners regarding concept map usage. Independent variables manipulated by researchers have focused on the types of diagrams/maps used with text passages (explained versus unexplained diagrams), whether or not the connecting links have been specifically labeled with prepositional words and phrases, and the use of concept maps for different types of text passages (factual/narrative versus literary). Although no studies have directly compared the use of concept mapping for passages of different lengths, this has also varied among studies with the majority of studies using short passages (2500 words or less) with an immediate posttest for comprehension. Most studies compare concept mapping to a control group receiving no type of instructional learning aid. One study (Phillips & Jackson, 1989) utilized concept mapping in conjunction with guided study questions incorporated on the map.

The seminal research in concept mapping was conducted by Joseph Novak and Bob Gowin of Cornell University. A classic pilot/exploratory study involved having seventh and eighth grade science students use concept mapping in the scientific process. The sample size was not explicitly stated, however two schools were involved; there were at least 75 seventh-graders and 80 eighth -graders. Novak and Gowin were interested in determining if this age group could be taught to use CM's and whether students with differing abilities could use this technique. A second research question asked whether knowledge of science and problem-solving abilities would change by the use of this instructional strategy. Additionally, the study looked at students' motivation to continue using this technique and what their perceptions were of the technique. Results indicated maps can be made and used by students of all ability levels but better quality maps were generally created by higher ability students. A second finding was motivation was more important that ability as a factor of map usage (the correlation coefficient between ability and map score was r=.34). An important point Novak and Gowin stressed was that the benefits of this technique may require extended time usage, perhaps as much as up to six months or more, before benefits may be seen and that while students were able to make maps, the maps were generally weak in the number of cross links. The researchers postulated this may be due to a lack of instruction or the "chunking" of learning information into discrete units. This led them to suggest the use of adjunct questions may be a good supporting strategy.

A 1988 study by Prater & Terry also used a young audience; Prater & Terry assessed the impact of concept mapping for increasing reading comprehension and writing performance of 5th grade students. The premise for including writing performance as a dependent variable was that concept maps would facilitate organization of the written product. Both narrative and factual reading passages were utilized, and both literary and factual mapping techniques were used. Maps used in this study were not concept maps as per Novak & Gowin's description but were lists of key concepts/ideas in the passages. Findings indicated that concept mapping increased student reading comprehension scores but not their writing performance scores. Further, CM's were effective in facilitating recall of factual material, but there was no change in the ability for recalling narrative/literary information. It was noted that interest level in the reading material influenced results.

Various researchers have used the collegiate audience in studying concept mapping, assessing ways the technique could be implemented into various content areas as well as comparing the effectiveness of its use as a study strategy. As Ruddell and Boyle (1989, p. 12) state:

Many entering college students have not learned the skills that will assist them in being successful, critical readers of advanced college texts (Brown, 1989; Meyer, 1979; Tierney, 1982). The type of reading, analyzing, and synthesizing these students are asked to do is both quantitatively and qualitatively different from what was asked of them in earlier grades. Although students score high on standardized reading tests requiring them to read and interpret short passages, they may have difficulty orchestrating information from longer, more complex expository texts (Ruddell and Boyle, 1983).

Phillips and Jackson (1989) conducted a concept mapping study with thirty-five college accounting students. They had students create maps to diagram primary chapter concepts. The maps additionally were to include the answers to adjunct questions. Although not explicitly indicate whether the questions were generated by students or the instructor, it was implied the instructor provided the adjunct questions.  Results show CM's increase the understanding of relationships between concepts which demonstrates CM's precipitate higher order thinking, identify gaps in knowledge, increase organization of information, and supports meaningful over rote learning.

The impact of concept mapping on affective perceptions of the technique was recently studied by Hall and O'Donnell (1996). Forty-three undergraduate psychology students at a small midwestern university were provided a brief training session using a 500-word concept map comparing football to baseball. Students were then randomly assigned to groups. Students in the control group were asked to read a 1500 word passage describing the relationship between the sympathetic and parasympathetic divisions of the autonomic nervous system. Students assigned to the experimental group studied a concept map showing the relationships of the concepts described in the text passage. All students completed a free recall test 2 days later. Students were asked to rate their levels of motivation, anxiety level, and amount of concentration they expended both at the time the passage was read and again two days later when the recall test was taken. Students were directed to read the passage as if they were studying it for a final examination. Findings indicated maps require more concentration than text passages, especially in the study session as opposed to the test session; maps were better than text for recall, concentration, and motivation levels and no correlation existed between the recall and subjective perception measures. Although format did not affect students' perceived anxiety levels, students did report "map shock", but this was explained as being offset by the higher level of motivation to use the technique. Format of the information affected a) motivation levels with maps requiring higher levels than text and studying showing higher levels than testing; and b) concentration levels, also with maps requiring higher levels than text and studying showing higher levels than testing. This study extended the benefits of concept mapping beyond cognition (external conditions of learning) to motivation (internal conditions of learning).

Ruddell and Boyle (1989) studied the impact of map usage as a means for promoting summarization of course textbook material. Using a total of fifty-one volunteer freshman students taken from the general university population who took a course called "Learning from Text" offered through the university's Learning Center, they specifically looked at the number and nature of links/propositions created, and the number of main ideas and supporting details students included in summary information of the text passage. Students were split into three groups: the control group was not taught mapping strategies, instead using an instructional strategy of outlining. This group used a sociology class text for practice of the technique. The two experimental groups received instruction in concept mapping; one group used the same sociology text as the control group for mapping practice, while the second group used the text for the course offered by the Learning Center. For the dependent measure, all groups used common a series of six 1300 - 1400 word passages developed for the study. Although the sample size was small (n per group was only 17), the study design was strong and allowed generalization to the collegiate population. Findings showed concept mapping aids in analyzing and synthesizing difficult material, increases the number of relational links, increases the number of main ideas and supporting details incorporated into a summary, increases organization and integration of material, and increases the quality of factual or declarative knowledge.

The use of concept mapping as a means to learn and recall sequential information was addressed in a 1988 study by Guri-Rozenblit. Using two hundred fifty-six undergraduate students enrolled at Everyman's University, the Open University of Israel, she sought to determine the impact of using diagrams (explained in the text versus unexplained) versus straight text (unenhanced versus having concepts more fully explained) when learning concepts containing sequential relationships. The text passage used addressed how a communication model involving the concepts of encoding, decoding, noise, and feedback could be applied to a marketing model addressing communication between the consumer and producer. The passage was approximately 4000 words long and contained multiple themes. Students read the passage, then took a recall test which included three open response questions requiring a diagram to be created. Results found diagrams assist in the recall of new sequential information, comparison of different models, and that an explained diagram is more effective than one that is merely presented as an adjunct to the text explanation, especially for subtle relationships. This finding is similar to Novak & Gowin's research which indicated for full benefits to be gained from concept mapping, students need to provide labels (propositions) for the links in a concept map. Furthermore, Guri-Rozenblit's study demonstrated the difficulty of constructing diagrams; student diagrams were either not done at all or done incorrectly/incompletely. This suggests the way text is designed with respect to diagram construction will affect learning outcomes, especially in a self-study setting. It also suggests the differential effect of diagrams may depend in part on how the images/symbols are depicted and that such symbolic representation is necessary for ill-defined ("fuzzy") problems.
Summary

This chapter has set the context for the purpose of this study by addressing the impact of several issues on learning. These include the external events of instruction including communication theory and learning theory as applied to the instructional design process; internal events of instruction including motivation and cognitive learning styles; learning style taxonomies, specifically as delineated by the use of the Myers-Briggs classifications for personality/temperament types; the impact of temperament type on classroom learning approaches; and instructional presentation strategies/learning strategies of using adjunct/embedded questions and concept maps. 

The research studies show both techniques in use with audiences ranging from elementary school age children through adult and senior learners. The need for further studies which begin combining various learning strategies in the collegiate learning environment is evident. "...As stated by Schnotz (1984), research on the effects of graphic devices frequently used in lengthier and more complex instructional texts is still at its beginning"(Guri-Rozenblit, 1988, p. 136). The strategies of concept mapping and embedded questions were chosen for study as limited use of embedded questions is the most frequently seen of any learning strategy among the interior design textbooks utilized by the participants in this study. Concept mapping was chosen as a strategy based on the visual/graphic skills required by the discipline of interior design and the similarities which concept mapping shares with these professional skills. 

While it is difficult for faculty to accommodate every student's preferred cognitive approach, use of a concept map keeps information organized for the SJ individual desiring structure, while allowing the NF individual the freedom to "see the big picture" and jump around from topic to topic. Concept mapping, in terms of student recall, has the potential for increasing test performance, especially when a disparity exists between the instructional delivery and cognitive processing styles of teacher/textbook author and student. While it is often difficult to change presentation style for the instructor (it's a function of how the instructor's thought processes organize information), it is possible to provide a concept map as an external aid (Anderson, 1995; Wooldridge, 1995). Even more preferable is to show students how to create their own maps. This technique further allows students the means to organize material from textbooks and lectures in a meaningful way, even if they don't fully understand how the material may fit into the "grand scheme of things" or have a complete map (Novak & Gowin, 1984).

Given the general trend toward Constructivist based delivery methods which advocate problem-based learning, especially at the elementary school level, the use of concept maps is not necessarily a new approach. However, the use of concept maps as advance organizers for information delivered in a typical university lecture setting is not frequently seen. Thus, students who experience a disparity between their preferred learning style and their instructors' or textbooks delivery styles may not be aware of the technique or the potential power of using this technique.

Ultimately, the power of this technique is that it (1) allows students to gain back partial control over a previously uncontrollable situation while providing a non-threatening instructional option for faculty members; and (2) brings to both students' and instructors' attention the viability of using concept maps both as a presentation tool and a summary study tool.

Using the population of undergraduate interior design students enrolled in a program having an applied design focus, the purposes of this study, as stated in chapter one, 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 through the use of embedded questions and concept maps;

2) correlate temperament styles of students based on Myers-Briggs/Keirsey Indicator Type styles with preferred cognitive learning strategies of concept maps and embedded questions; 

3) establish baseline data on the effectiveness (based on student performance on chapter assessment instruments) of concept mapping 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;

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

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

Implementation procedures that were used in this study are discussed in Chapter 3.
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