The effects of adaptive learning style models, modes, and controls on complex learning

The development  of adaptive software applications for educational and training purposes has been dominated by  instructional design solutions taking into account level of knowledge as the single learner’s characteristic determining effective individualization of learning (Corbalán-Pérez, Kester, & van Merriënboer, 2005; Kicken, Brand-Gruwel & van Merriënboer, 2005; Merrill, 2002; Oughton & Reed, 2000; Steele, 2003; Wisberg, 2003). Since recently, however, the adaptive software application paradigm has been  experiencing a shift of interest to learning style construct (Brown, Cristea, Stewart, & Brailsford, 2005; Gilbert & Han 1999; Merrill, 2002; Papanikolaou, Grigoriadou, Kornilakis, & Magoulas, 2004). The claim is that the technological implementation of instructional design solutions if to be consider as effective should take this construct into account as well. The  research on learning style has a long tradition (see Jonassen & Grabowski, 1993; Riding & Reiner, 1997), but it  has produced some inconsistent findings, which need explanation in order to inform the support for the design and development of adaptive software applications. The inconsistencies can be defined in terms of (a) predictive effects of style on achievements (Martinsen, 1995; Martinsen & Kaufmann, 1999; Oughton & Reed, 2000); (b) no predictive effects of style on achievements (Ayersman & von Minden, 1995; Kirton, 2003; Meneely & Portillo, 2005; Steele, 2003; Stoyanov, 2001); (c) interaction effects between treatment and styles on achievements (Martinsen & Kaufmann, 1999); (d) no interaction effect between treatment and style (Stoyanov, 2001; Stoyanov, Kirschner, & van Geffen, 2005). There are two groups of reasons that can account for this inconsistency. The first one is related to the definition and conceptual operationalization of learning style as a cognitive construct. The second one is related to the definition and theoretical background of adaptive instruction. 

Conceptual operationalization of learning style 

The contemporary theory of learning style defines this construct as a stable pattern of individual cognitive functions and traits that determines the preferred way of approaching instructional stimuli. There are several empirically validated assumptions based on this definition. (Kirton, 2003; Messick, 1984).

1. A clear distinction should be made between style class cognitive constructs (in what way) and level (how much) classes (inherent or learned). Learning style is conceptually independent to level constructs. Some examples of level types of constructs are abilities, knowledge, and competence. Level and style measures, if pure, correlate not at all. Learning style is bipolar and non – pejorative construct. For example, reflector learning style is not better than activist, they are just different. Some instructional situations however could favor a particular style more than other. 

2. Style should be distinguished from process constructs (learning or problem solving) as well.  At each stage of a process different styles can be identified, so can levels. Each stage can be executed at levels ranging from low to high and learning style ranging, say from activist to reflector.  

3. Style and behavior could not necessary be in accord, or put it in another way, there could be a ‘cognitive gap’ between preferred behavior and observable behavior. People may happen to behave outside their prefer way of doing, a situation in which they apply the cognitive mechanism of coping behavior.  They could be convinced or forced to learn in way that is different from their learning style, as this way is considered to be more effective and/or social desirable. People are capable to cope with such sort of situations but it always is at the expense of more efforts, energy and time. The flexibility of learning requires to learn not only learning strategies that are consonant with a preferred style, but also to learn to shift to less congenial learning styles, that are more effective in a particular situation.

4. A learning strategy, method or technique, can be learn to increase level of performance directly, or make more effective use of the available style as stimulating its strengths and compensating for its weakness.

Problems with relevant operationalizion of these theoretical positions has affected the construction of   measurement instruments for learning style.  Many of them have been found to have low validity and reliability indicators. 

Learning style instruments

One of the most used learning-style instruments in adaptive applications is Kolb’s Learning Style Inventory (LSI; 1976). The Experiential Learning Theory of Kolb  (1984) has been very influential, but the LSI based on the theory has been severely criticized from a psychometrical point of view (Atkinson, 1988; Marschall & Merritt, 1986). The second version of the LSI (Smith & Kolb, 1986), although considerably improved, still had a poor reliability (internal consistency), stability, and construct validity. De Siantis and Kirton (1996), while recognizing the conceptual power of the Experiential Learning Theory, found that the LSI as a single measure of style actually conflates three theoretically unrelated cognitive elements – style, level, and process. 

The Learning Style Questionnaire of Honey and Mumford (LSQ; 1992) is an attempt to keep Kolb’s theory intact, but improve the instrument that operationalises the theory. The LSQ has been widely applied, but some recent factor-analytical studies showed that it did not produce stable psychometrical performance (see De Siantis & Kirton, 1996). The four learning styles (Reflector, Theorist, Pragmatist, and Activist), which should be independent measures, actually form two orthogonal dimensions, each presenting a bipolar scale: Activist-Reflector and Theorist-Pragmatist (De Ciantis & Kirton, 1996). 

The Felder-Silverman Index of Learning Styles (FS-ILS; Felder & Silverman, 1988) implements the four dimensions of the Felder-Silverman learning-style model: sensing-intuitive; visual-verbal; active-reflective, and sequential-global. The model is a compilation of the active-reflective dimension of Kolb’s learning style; the intuitive-sensing dimension of the Myers-Brigs’s Type Indicator (Myers & Myers, 1995); the verbal-visual dimension of Paivio’s theory (1986) and Kirby’s learning-style theory (Kirby, Moore, & Schofield, 1988), and the sequential-global dimension of Pask’s holist-serialist cognitive style theory (1988). The instrument has been used intensively but the first comprehensive examination of its validity and reliability has only been conducted in 2005 (Felder & Spurlin, 2005). The FS-ILS and the theory behind it make a clear distinction between style and level. The dimensions are continua, not either/or categories. However, there is a problem with the consistency of the scales. For example, sequential learners can be either sensors or intuitors, while global learners are more likely to be intuitive than sensing learners. Felder recognized the problem with inter-scale orthogonality of those two scales from a psychometrical point of view, but he claimed that, from a practical point of view, it should not be considered as a problem.
Based on the notions of the learning style theory that were referred to and their operationalizations in measurement instruments, some assumptions can be formulated and applied to designing adaptive approaches.

If an appropriate measuring instrument is used, then different learning styles will be identified, say activist and reflectors. They could have the same or different level of expertise. Level has to be identified with different instruments (intelligence test or achievement test, for example). Within either low or high achievers groups, different learning styles will be found.

If  different instructional methods are compared, then no significant difference should be expected among learning styles in relation to performance achievement. Even outside their preferred mode of learning, people are capable to cope with such situations. If difference found in performance achievement, then it should be attributed to the method, provided level is the same.  A difference should be expected, however, in respect to time, efforts and satisfaction. An instructional method may favor more one of the learning styles, which may reflect those dependent measures. 

An adaptive instructional design approach if to be efficient and appealing, should take into account the advancement of learning style theory. Next section presents some of the instructional design solutions for adaptive learning. 
Adaptive instruction based on learning style

Adaptation has been associated with a purposeful effort for accommodating individual differences in learner characteristics for designing effective instruction (Jonasssen & Grabowski, 1993). Several instructional design adaptive models to accommodate learning style have been developed. Preferential matching adaptation (Jonassen & Grabowski, 1993; Stoyanov, 2001) implies that the instructional decisions take the strengths of a particular learning style into account. Compensation adaptation (Clark, 1983; Jonassen & Grabowski, 1993; Salomon, 1979) means that the decision making takes the weaknesses of a particular style into account to compensate for them. 

Matching and compensation adaptation can be based on a pre-assessment adaptive control (Jonassen & Grabowski, 1993; Stoyanov, 2001; Valley 1995) or an embedded adaptive control (Stoyanov, 2001; Valley 1995). Pre-assessment adaptation specifies learning paths of learners on the basis of filling out some instruments such as check-lists, tests, inventories, or questionnaires. Embedded adaptation accommodates learning styles through a particular way of structuring learning content. For example, information can be structured as background information, examples, procedures and practice requirements. Learner’s preferences can be implicitly identified through the choice of selecting the order of approaching these types of instructional stimuli.

Pre-assessment and embedded adaptive controls can be part of design-time (Gilbert & Han 1999; Stoyanov, 2001) or run-time (Brown, Cristea, Stewart, & Brailsford, 2005, Van Merriënboer & Luursema, 1996, cited in Van Merriënboer, Clark, & Crock, 2002) ). In the former mode all actions are pre-defined in advance. In the later mode, adaptation is realized through monitoring and tracking of student’s behaviour using the outputs from either pre-assessments or from embedded types of adaptive control. 

Apart from the attempts to accommodate individual differences in learners’ traits, instructional design solutions  face the requirements to reflect the differences in learning outcomes and goals of instruction. Learning outcomes have been considered as the most important determinant of instructional-design decision making (Gané, 1985; Jonassen, 2004;Merrill, 2002; Reigeluth & Stein, 1983; Van Merriënboer, 1997). Different learning outcomes require different cognitive processes, which are supported by appropriate instructional-design arrangements. Merrill (2002) identified concept, procedure, and process as types of content outcomes that are likely to occur across subject domains. He argued that having definition, examples, non-examples and practice are the common instructional strategies for these content types. They could be given within a particular instructional style: receptive, directive, guided discovery, and exploratory. The primary learning outcomes distinction for Van Merriënboer, (1997) is simple versus complex, high order cognitive skills learning. He suggested the whole task practice of sequence of task classes as the relevant instructional strategy for this type of learning. Jonassen (2004) defined  different types of problem solving – puzzles, algorithms, story problems, rule-using problems, decision-making, troubleshooting, diagnosis-solution problems, strategic performance, systems analysis, design problems and dilemmas. He suggested that each of them needs different instructional approach. 

Vermunt (1996) identified undirected, reproduction directed, meaning directed, application directed learning strategies, as the last two considered to be more effective than others in respect to the goals of higher education. Each of the learning strategies, (called learning styles in a broader sense) are combinations of learning activities (cognitive, affective, regulative), mental learning models and learning orientations. Process oriented instruction is referred to as the most appropriate mean for developing  effective learning strategies consistent with the educational goals. Process oriented instruction supports the processes of construction and utilization of domain-specific knowledge, thinking activities and self-regulated strategies.  

The definition of adaptation that leads to designing effective, efficient and appealing instructional design solutions should include both theoretical positions: adapting to instruction (treatment-by-learning outcomes interaction) and adapting to learner (treatment-by-learner traits interaction). Each of those theoretical perspectives is a necessary but not a sufficient condition to reflect the complexity of the phenomenon of adaptation. For a long time they have been considered as confronting ‘neither-or’ positions. There are some indications, however, that the situation is changing. Merrill (2002) introduced the ‘learning style-by-strategy interaction’ although he believed it was secondary to ‘content-by-strategy interaction’, as learning style could not make a difference in essential elements of the instructional strategy. Some studies included individual differences in level of expertise and mental efforts  as factors for a task selection within an instructional strategy for complex learning (Corbalán-Pérez, Kester, & Van Merriënboer, 2005; Kicken, Brand-Gruwel & Van Merriënboer, 2005).  The studies on learning style-by-strategy (Merrill, 2002) and level of expertise-by-strategy (Corbalán-Pérez, Kester, & Van Merriënboer, 2005; Kicken, Brand-Gruwel & Van Merriënboer, 2005) have emphasized on cognitive constructs of level type. Merrill (2002) provided examples with potential level constructs (intelligence and cognitive complexity). Corbalán-Pérez, Kester, and Van Merriënboer (2005) and Kicken, Brand-Gruwel and Van Merriënboer  (2005) investigated the role of manifested level (knowledge and skills). 

One of the goals of this project is to develop a learning style-by-strategy instructional approach that combines both theoretical perspectives on adaptation: adapting to instruction and adapting to learner. What concerns learning style in this configuration, the construct will be considered according to the theoretical tradition that included the advancement of the contemporary learning style paradigm and made an extensive empirical validation to distinguish learning style from level and process constructs. This is the revised version of Honey & Mumford learning style theory and questionnaire (Honey & Mumford, 1992) conducted by De Ciantis and Kirton (1996). What concerns strategy in the configuration, a tradition that included the advancement of the contemporary instructional design paradigm and made an extensive empirical validation of instructional design approaches for complex learning will be followed. This is the 4C/ID model (Van Merriënboer , 1997; Corbalán-Pérez, Kester, & Van Merriënboer, 2005; Kicken, Brand-Gruwel & Van Merriënboer, 2005) The integrated learning style-by-strategy approach is called tentatively modeling strategy and will be checked against preferential and compensation matching adaptive approaches.  The modelling instructional approach supports students to build a learning strategy that is oriented toward acquiring particular learning outcomes while working on learning tasks – and the approach accommodates, through this process, the strong features of a particular learning style, and compensates for the weak characteristics of this style.  The learning resources are designed to support basically the dominant learning preference, but offer support for the non-preferred style as well.  Appendix A presents an instructional design blueprint of a lesson on the topic of use cases modelling applying 4C/ID model, short description of Activist and Reflector learning styles and a set of heuristic operators to be applied for adaptive elaborations on this instructional approach.  Here some of the heuristics  that support adaptive instructional design solutions are listed. 

If the goal is to construct an adaptive instruction based on learning style, and the instructional approach is 4C/ID model, then the primary factor to consider is the supportive information with its components: theoretical models, work-out examples, modelling examples, and systematic problem solving approaches (SAP).  The order and format of presentation are different for different learning styles. The tasks and their sequence is the same for both activist and reflectors, if they are on the same level. 

If the (sub) goal is to build a learning environment for the activist learning style, then involve the learner in role-playing confronting s(he) with  a real life case (scenario, vignette) that has to be worked out. Describe the cast and the story. 

If the (sub) goal is to support the learning experience of the activist learning style, then provide him/her with some heuristics for the systematic problem solving approach(s). 

If the (sub) goal is to compensate for the weaknesses of the activist learning style, then present ‘guided problems’ (modelling examples), ‘war stories’ (work-out examples) and ‘overview’ (theoretical models), preferably in this order. Motivate the activists to follow these types of instructional support.

If the (sub) goal is to support reflector learning style, then present her/him first with work-out examples, modelling examples and theoretical models,  preferably in this order. 

If the (sub) goal is to compensate for the weakness of the reflector learning style, then describe real life context of the tasks, and provide systematic problem solving approach, and ask for applying it on learning tasks.  Motivate the reflectors to follow these types of instructional support.

The effectiveness of the technological solutions of adaptive approaches accommodating learning style depends  on the extent to which the architecture, functionality, and the interface reflect adequately the advancements of the learning style theory implemented in those instructional design approaches.

Technological implementations of adaptive approaches on learning styles

The most productive theoretical frameworks in which many projects in developing adaptive educational applications have been realized are Intelligent Tutoring Systems, Adaptive Educational Hypermedia, and Adaptive Educational Web-Based Systems (see for a review, Kravcik, 2005). Although using different names, these frameworks belong to one paradigm as far as they are built upon a common conceptual background that includes domain knowledge, expert model, student model, pedagogical model, and communication model. Perhaps the most considerable achievement of this paradigm is the promotion of techniques for run-time adaptation. The systems that have been developed within the theoretical framework of Intelligent Educational Systems made considerable progress in refining the properties of user models and promoting more advanced instructional techniques, but there are some important issues that remain to be addressed. The problems related to the definition of adaptation and conceptualization of learning style can be identified in the development of adaptive software applications within this paradigm. In some of the applications no distinction is made between  knowledge, which is a level type of cognitive construct and learning style, which is a preference type of cognitive construct (Brown at al, 2005). In other attempts, no difference is made between learning style and instructional strategy (Gilber & Han, 1999). Most of the systems implemented measurement instruments that had low validity and reliability indicators (see for example Brown et al., 2005; Papanicolaou et al., 2004). The current Adaptive Educational Hypermedia (AEH) projects tend to take the instructional strategy into account in relation to the defined learner model, but it is not always explicitly stated which one is used (Brown et al., 2005). And when this is done, the instructional approach does not reflect the current trends in modern instructional design theory and practice (Papanicolaou et al., 2004). The discussion on design approaches, based on learning styles, has been replace by discussion on learning style classifications (Brown at al, 2005). When a design approach for adaptation is explicitly referred to, it is the only preferential matching type of adaptation based on pre-assessment (Papanicolaou et al., 2004). Another issue with AEH systems is that the evaluation of these systems has been hardly discussed. And if evaluation were done, they were not based on a strong experimental design (Brown et al., 2005; Papanicolaou et al., 2004). 

One of the issues that the adaptive software applications faced was developing of interoperability standards specifications (Kravcik, 2005), or adopting the existing one such as IMS Learning Design (IMS LD) and IMS Simple Sequencing (IMS SS) standards (Brown et al., 2005). IMS LD is a meta-language specification providing opportunities to describe any pedagogical model, including those with adaptive learning arrangements. The framework and the components of IMS LD allow for building of adaptive learning scenarios, which implement a particular logic and structure of learning activities, coordinate multiple educational roles, and refer to different learning objects and services in a learning environment (Koper, 2000). The classical structure of an adaptive educational application, including a user model, a domain model, an expert model, and a communication model, should in principle be describable within the IMS LD framework without complications. However, some studies that tested the compatibility of adaptive educational applications and IMS LD have reported that IMS LD and IMS SS both fell short of being able to fully describe the flexibility of adaptive educational applications (Brown et al., 2005). Although it is not clear what type of tests have been done, it seems worth to explore the issue further and to test the possibilities and limitations of IMS LD to accommodate adaptive instructional designs  Some efforts have been made to address the issue.  

Adaptive IMS Learning Design 

Within the framework of the ALFANET project (Alfanet, 2002-2005), an  adaptive pedagogical model was implemented as an IMS LD application (Stoyanov, van der Baaren, & van Es, 2005). The model presented a concept learning lesson, which took into account three learner characteristics as each of them had two values: learning styles (inductive v/s deductive); level of knowledge (beginner v/s advanced); and perceptual modality (visual v/s verbal). This adaptive design was tested in the introductory course on Internet and Communication Technologies at the Computer Science Department of the Open University of the Netherlands and Studying Spanish Language at the German Publishing Company Klett. The IMS LD specification accommodated the adaptive solutions well, but the instructional design applied a very simple type of learning (conceptual learning) and a simple adaptive schema (preferential model, design-time mode and pre-assessment control) with unreliable measurement instruments. More recently some projects put IMS LD in the broader context of Learning Networks (Koper & Sloep, 2003) to investigate effects related to self-organizing navigation through the curriculum based on maps, tracks and patterns (Jansen, Tattersall, Waterink, Berg, van Es, Bolman, & Koper, 2005); and the role of transient communities for supporting self-directed learners (Kester, Sloep, Brouns, Peter van Rosmalen, de Vries, de Croock, and Koper, 2005). The Learning Networks paradigm focuses on a macro-level adaptation in terms of formal and informal curriculum structures, and emphasizes on  the distributed character of adaptation in term of resources, and communities of learners and instructors. 

In a summary, this project is aimed at comparing three main models (matching, compensating and modelling) and two basic modes (design-time and run-time) of learning-style adaptation. In addition, the study investigates the role of two supportive adaptation controls, namely, pre-assessment and embedded (see Appendix B). The  study explores the following research questions:

1. What are the effects of matching, compensating, and modelling adaptive instructional models on the effectiveness and efficiency of complex learning?

2. What are the effects of design- and run-time adaptive instructional modes on the effectiveness and efficiency of complex learning?

3. What are the effects of pre-assessment and embedded adaptation controls on the effectiveness and efficiency of complex learning ?

Design & Methods

There are two experimental studies planned within the framework of this project.

Experiment I. Testing the effectiveness and the efficiency of matching, compensating, and modeling adaptive models

Research design

This is a factorial experimental design with post test control groups. The first independent variable is adaptive design model with three levels: matching, compensating and modelling. The second independent variable is learning style with two levels: activist and reflector. There are four dependent variables: learning achievements, satisfaction, time and cognitive load (see Appendix C). 

Hypotheses

It is expected that the modelling type of adaptive learning arrangements will produce significantly higher scores than those in matching and compensating adaptive learning arrangements on learning achievements.  The expectations for better results are attributed to the instructional approach (adapting to instruction), which brings effectiveness related to learning outcomes. The adaptation to learner’s traits part of the modelling strategy will keep the satisfaction, time and cognitive load on the same level with the matching strategy. There will be a no significant effect among learning styles in modelling strategy because learning style is a preference, not a level construct. Different learning styles (for example activists and reflectors) will be found within either more simple or more complex classes of learning tasks. The matching conditions will bring significantly better results than the compensating conditions in terms of higher satisfaction, less time and low cognitive load. A non significant difference is expected on learning achievements because of coping behaviour mechanism which will be activated in compensating conditions.  

Participants

The participants are 90 undergraduate students from the Computer Science department at Sofia University (BG). They are randomly assigned to three groups as each group contains an equal number of activist and reflector learning styles according to Honey and Mumford LSQ (1992) revised version (De Ciantis & Kirton, 1996).

Procedure

One group of students is exposed toward a learning content designed to match the activist learning style preferences. Activists in the group are in matching conditions, while the reflectors are in compensating conditions. A second group works with a content unit that is designed to match reflectors way of learning. Reflectors in this group are in matching conditions and the activists are in compensating conditions. The third group studies a content that is designed according to the modelling strategy. This strategy follows basically the 4C ID model (Van Merriënboer, 1997) with some contributions related to learning style adaptive arrangements and providing a case-based context of the classes of learning tasks (see Appendix A). The students in the three groups are involved in a complex learning task on a topic of Context Design, which is a part of a Software Engineering Design course.

Instruments

Four instruments will be used in the first study: learning achievement test, an appeal questionnaire, a mental effort scale, and a learning style questionnaire. The learning achievement test is aimed at measuring the level of knowledge and skills. It applies a context-dependent multiple-choice format (testlets). The appeal questionnaire is a short questionnaire to measure the attitudes of subjects towards a particular type of design approach. The mental effort scale (Paas & Van Merriënboer, 1993) has been created to measure the cognitive load, as the estimation of how much mental effort people spend on a task. A revised version of the Honey-Mumford Learning Style Questionnaire (LSQ, 1992) will be applied for defining learning styles (De Ciantis & Kirton, 1996). A more detailed description of the instrument is needed because it is going to be used for a first time.

Learning Style Questionnaire (revised)

The original version of the LSQ (Honey & Mumford, 1992) assumes four subscales: Activist, Reflector, Theorist, and Pragmatist. The revised version (De Ciantis & Kirton, 1996) is a result of analysis of LSQ data, in particular Cronbach alpha internal reliability coefficients, “one-by-one” item attrition analysis, and factor analysis. Each of the subscales produced a modest Cronbach alpha coefficient: Activist ( .76); Reflector (.76); Theorist (.67); and Pragmatist (.64). Further item analysis of each subscale removed 14 items (9 of them from the Pragmatist subscale), which did not contribute significantly to the homogeneity of a subscale. This psychometrical intervention raised the alpha coefficient of scores on each subscale to at least .70 (Pragmatist) up to .79 (Reflector) as all four reached the minimum internal integrity. The post-item analysis of the interrelationships between the four subscales revealed a significant negative correlation between Activist and Reflector (Pearson r = .-67), suggesting that they may represent two poles of a single dimension. This assumption got a support from the fact that the combined Activist-Reflector items yielded an alpha coefficient of .88 – a higher value than either of the two separate subscales. Item analysis of the combined Active-Reflector scale rejected four more items to result in a 32 items scale (alpha = .90).

The theorist subscale produced correlations of similar range with both Activist (r = -.43) and Reflector (r = .50), which should be expected having the bi-polar character of the two. However, Pragmatist has no significant relationships with either one of the pair (r = -.02 and -.05 respectively) and has a modest positive significant correlation with Theorist, which should not be expected having the definitions in the original version of the LSQ. The analysis suggests that Theorist subscale may contain some items related to Activist-Reflector and some related to Pragmatist. This assumption was tested as first combining Theorist and Pragmatist into a single scale, which yielded an alpha coefficient of .76 (31 items). A rotated factor analysis was used to the items in this scale as the total score of the combined Activist-Reflector scale was added as a “marker” variable. The procedure produced two clear orthogonal factors after three weak items were discarded. Factor 1, composed from 13 items (.77 alpha) correlated substantially with the combined Activist-Reflector scale (r = .77). Factor 2 contained 15 items (.70 alpha), which had low correlation ( r = .05) with Activist-Reflector scale. As a result a new 45-items scale (.90 alpha) was created, as Active-Reflector scale easily absorbed the items from Factor 1. This is a pure “style” type scale, which is appropriate for the purposes of the current study. The alpha coefficient of this scale is the same as the shorter   32-items scale, but contains more statements from the original questionnaire. Another scale based on Factor 2 seems to be problematic and unreliable and would not contribute substantially to the design blueprint and measuring cognitive constructs.

Experiment II. Testing the effectiveness and efficiency of design-time and run-time modes of adaptation. 

This is a mixed between-within subjects experimental design. The between subjects factor is type of adaptation mode: design-time versus run-time. The within-subject design factor has two levels: pre-assessment v/s embedded adaptation conditions. The within subject run-time factor is pre-assessment versus embedded inputs. The dependent measures are learning achievements, satisfaction, cognitive load, and time. The design controls for a possible effect of cognitive style (see Appendix D). 

Hypotheses

The students in the design modelling conditions will score significantly higher than the students in run-time modelling conditions on cognitive load. This is because, the system takes over some functions, which may frees up cognitive resources. The students in the run-time modelling conditions will spend less time than the students in the design modelling conditions. This is because, the system performs some activities on behalf of the learner. Students in the pre-assessment design conditions will spend significantly more time than the students in the embedded design conditions. This is because, filling out an measurement instrument requires more time than just selecting instructional stimuli that are available. Cognitive style may predict differences in the scores between embedded design conditions and pre-assessment design conditions on satisfaction and cognitive load. Learners with a cognitive style that is characterised with internal learning locus of control may prefer embedded adaptation, while learners  with a cognitive style that is characterised with external learning locus of control may prefer pre-assessment adaptation. Cognitive style could influence the effect of run time pre-assessment and embedded adaptation on satisfaction and cognitive load. People with cognitive style orientation to less structured learning environment may prefer the embedded type of adaptation in both design and run-time adaptive modes. 

Participants

The participants in this experiment are 80 undergraduate students from the Computer Science department of Sofia University (BG). They are randomly assigned to 4 groups: design-pre-assessment condition, design embedded condition, run-time pre-assessment input, and run-time embedded input. The groups are put in a situation of complex learning on a Context Design topic which is part of a Software Engineering Design course.

Procedure

The design pre-assessment group first fills out the Learning Style Questionnaire. The results are used to build the modelling of a versatile learning strategy as the components of the supporting information match the strengths of a particular style while compensating for its weak features. A learner in the embedded adapting arrangements can select either ‘activist’ or ‘reflector’ modelling configuration of supportive information components. The run-time modelling adaptation uses monitoring and tracking learning behaviour of students as pre-assessment or embedded arrangements are just the initial inputs for the suggestions made during the process of learning. 

Instruments

Apart from the appeal questionnaire and the mental effort scale, Kirton’s Adaption Innovation Inventory (KAI, Kirton, 1999) will be used for determining a possible influence of cognitive style on the effects of the instructional approaches. There are two reasons for selecting this instrument. The first one is related to the fact that the instrument defines cognitive style as measuring the extent to which people are adherent to a particular structure. The structure can be a framework, a reference point, or an organization of instructional stimuli in a learning environment. More adaptive people have a preference for well-established structures. More innovative people have a preference for more loose arrangements of the instructional stimuli. The theory (Kirton, 2003) does not suggest that one of the cognitive style is better than the other. The second reason is the psychometrical power of KAI. The instrument scores very high on various reliability and validity criteria (Kirton, 1999, 2003). The internal reliabilities range from .84 to .89. The construct validity of the instrument has been proved in 16 different measures in six studies in four countries as it is highly correlated with other stylistic measures and has a very low correlation with measures of cognitive capacity. It has established general population norms across ten countries and specific norms for particular occupational groups (Kirton, 1999, 2003). 

Apart from the experimental type of research, the project envisages some other types of evaluation activities, which are embedded in the development of the software application. They are: card sorting, cognitive mapping, cognitive walk through, think aloud protocols, and usability testing. 
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Appendix A

Module : ‘Use cases modeling’

Task class I: Given a narrative of a simple case learners should be able to draw use cases applying a template. 

Supportive information 

Mental models behind use cases analysis: Jacobson, I., Booch, G., & Rumbaugh, (1999). The Unified software development process; Holub, A. The bank-of-Allen project: The OO-design process from conception to modeling (Internet source); Rosenberg, D. & Scott, K. (2001). Top Ten Use Case Mistakes; Rosenberg, D. & Scott, K. (2000). Driving design with use cases; Constantine, L., & Lockwood, L. (2001). Usage-centered engineering for web applications. 

Learners are encouraged to look for similarities and differences in definitions, goals, and  structure of use cases.  The information should be meaningfully related to task analysis, which this target group of learners is familiar with. 

Systematic approach for problem solving (SAP): Guidelines for use cases modeling presented by A. Holub, L. Constantine & L. Lockwood, and S. Lilly recommendations how to avoid use-case pitfalls. 

Learners are asked to find patterns of similarities in the descriptions of systematic approaches for use cases modeling, to identify the points of departure, to modify the procedure or/and to design own template for use case modeling. 

Work-out examples (cases): Holub (‘Bank-of-Allen’); Constantine & Lockwood (‘Withdrawing money’).  

Modeling example: Allen Holub (cognitive walkthrough or thinking aloud in designing Bank-of-Allen project). There are print and videotape versions available.

Cognitive feedback: Learners are asked to write a short (2-3 pages) reflective paper (essay)  on the role of use cases in software design. The possible criteria for the extent to which learners have understood the issue could be described as follows: the extent to which learners identify the similarities and the differences in different approaches for use cases; the extent to which they are able to provide substantial arguments in criticizing mental models behind use cases and the existing SAP(s); the extent to which learners distinguish between purposes of use cases: describing problem solving behavior of a user v/s describing system functionality; the extent to which learners revise/modify/ the existing SAP(s); the extent to which learners design their own use cases template. 

Learning task 1. Given a narrative, workflow, use sequences, and a use case template learners should be able to model the familiar and simple task of automatic ticket delivering applying paper & pencil. The standards for successful performance are: a) covering all the components of the use case template; and b) applying accurately the graphical conventions for use case diagram drawing. 

Just-in-time information (1): prerequisite knowledge, procedure and examples referring to the structure of use cases.

Corrective feedback. If a learner failed to perform accurately the use cases for this simple and familiar task, more support is provided as the learner gets some of the components of the use case structure already filled in and s(he) is supposed to complete the remaining part. If the performance problem still exists, then learner gets the case solved  with additional explanations and reference  when needed. Then learner is confronted with an analogous task to apply use case modeling.  

Just-in-time information (2): knowledge, procedure and examples referring to the graphical conventions of use cases.

Part-task practice (1) for making use case diagram by paper & pencil. Corrective feedback.

Part-task practice (2) of use-case diagramming using ‘Inspiration’ software. Learners with this profile (MSc. students) are familiar with ‘Inspiration’ software but they have to apply the specific conventions of use cases without the procedure and this convention in disposal. Corrective feedback.

Part-task practice (3) of use case drawing using ‘Visio’,‘Smart Draw’, or ‘Rational Rose’. The variability here comes not from the use cases procedure and convention but from the software in use, which learners are not familiar with. Corrective feedback. 

Learning task 2. Given a narrative and workflow, learners should be able to apply use case modeling on a simple but not familiar situation of  Chinese tea ritual using special software.

Just-in-time information (fading): Some hints referring to the use case procedure, deriving use sequences out of workflow, and use case graphical convention.

Corrective feedback. There might be different reasons behind a possible failure to perform successfully this task. The type of reason determines the type of additional support. If a learner mixes different users in one use case description this apparently is due to something imperfect in deriving use sequence and s(he) can be helped with some suggestions in this respect. If a learner does not cover substantial components of use case template, the reason is the procedure. An additional support is provided with making available the most important components of use case procedure. The problem related to graphical convention can be detected relatively easy and then a relevant support can be  attributed. 

Task class II.  Given a complex and unfamiliar tasks, learners should be able to apply use case modeling after a scenario building, workflow and use sequences analysis.  

Supportive information (1): a short rehearsal of the most substantial parts of mental models behind use cases modeling and guidelines for applying the technique. Cognitive feedback is to indicate whether the supportive information is still operational. 

Supportive information (2): 

Mental models behind scenario building, workflow and use sequences analysis ( Hackos, J-A,  (1998). User and task analysis for interface design; and Carroll, J. (2000). Making use: Scenario-based design of human computer interactions; 

Work-out examples: ALFANET project functional specifications task; and ADAPTIT  project functional specifications. 

Learning task 2.1. Given the task of designing of an adaptive e-learning environment, learners should be able to apply use case modeling on the basis of brief scenario building, workflow and use sequences. 

Just-in-time information (1): prerequisite knowledge, procedure and examples of brief scenario building and respective workflow and use sequences. Corrective feedback.

Just-in-time information (2) - faded: a cue card for the procedure of use case modeling 

Just-in-time information (3) - faded: a cue card  for the graphical convention of use case drawing.

The performance on the task should be indicative for the type of support learners need, if any. If the reason is new information about scenario building, then tutor or agent can offer a partially completed task with the requirement learner to continues with the accomplishment of the task. If the problem is due to some misunderstandings and skills gaps related to the first task class, then a short rehearsal about use cases modeling is provided  (or provoked).

Learning task 2.2. Given the task of designing of an adaptive e-learning environment, learners should be able to apply use case modeling on the basis of complete scenario building, workflow and use sequences.

Just-in-time information: the hallmarks of the procedure for scenario building, workflow and use sequences.

If a leaner experiences some problems with building a complete scenario then s(he) is supported by a format of scenario called ‘elaborated’ scenario, which is more complex than brief scenario but simpler than complete scenario. If the problem persists, then a ‘vignette’ type of scenario is offered. Vignette is simpler than elaborated scenario and more complex than brief scenario.

Description of learning styles (Honey & Mumford, 1992)

Activist

Activists involve themselves fully and without bias in new experiences. They enjoy the here and now and are happy to be dominated by immediate experiences. They are open minded, not skeptical and this tends to make them enthusiastic about anything new. They tend to act first and consider the consequences afterwards. Their days are filled with activity. They tend to thrive on the challenge of a new experience but are bored with implementation and longer term consolidation. 

Activists learn best from activities where:

There are new experiences/problems/opportunities from which to learn.

They can engross themselves in short “here and now” activities such as business games, competitive teamwork tasks, role-playing exercises.

It is appropriate to ‘have a go’

Activist learn least from activities where:

Listening to lectures, explanations, statements about how things should be done, reading, watching.

They are asked to assimilate, analyze and interpret ‘messy’ data.

They are offered statements they see as “theoretical”, explanation of cause or background.

They are asked to repeat an activity, ie when practising. 

They have precise instruction to follow.

They are asked to do a thorough job

Reflector

Reflectors like to stand back to ponder experience and observe them from many different perspectives. They collect data both first hand and from others, and prefer to think about it thoroughly before coming to any conclusion. The thorough collection and analysis of data about experiences and events is what counts so they tend to postpone reaching definitive conclusion as long as possible. They enjoy observing other people in action. They listen to others and get the drift of the discussion before making their own points. When they act it is part of a wide picture, which includes the past as well as present and the other’s observation as well as their own.

Reflectors learn best from activities where:

They are allowed or encouraged to watch/think/ponder over activities.

They are allowed to think before acting, time to prepare, a chance to read in advance material giving background data. 

They can carry out some painstaking research, investigate, assemble information, probe to get to the bottom of things.

They are asked to produce carefully considered analysis.

Reflectors learn least from activities where:

They are involved in action without planning.

They are given insufficient data on which to base a conclusion.

They are given cut and dried instructions how things should be done.

They are worried by time pressures or rushed from one activity to another.

Set of heuristic operators

If the goal is to construct an adaptive instruction based on learning style, and the instructional approach is 4C/ID model, then the primary factor to consider is supportive information with its components: theoretical models, work-out examples, modelling examples, systematic problem solving approaches (SAP).  The order and format of presentation are different for different learning styles. The tasks and their sequence is the same for both activist and reflectors, if they are on the same level. 

If the (sub) goal is to build a learning environment for the activist learning style, then involve the learner in role-playing confronting s(he) with  a real life case (scenario, vignette) that has to be worked out. Describe the cast and the story. Real-life scenario provides context for the tasks to be performed. 

If the (sub) goal is to support the learning experience of the activist learning style, then provide him/her first with some heuristics for systematic problem solving approach. 

If the (sub) goal is to compensate for the weaknesses of the activist learning style, then present ‘guided problems’ (modelling examples), ‘war stories’ (work-out examples) and ‘overview’ (theoretical models). 

For more theoretically oriented activist assign the order of supportive information components as the follows:  SAP, ‘overview’, ‘guided problems’ and ‘war stories’. For more pragmatically oriented activist, assign the order of the supportive information components as the follows: SAP, ‘war stories’, ‘guided problems’ and ‘overview’ that explain the SAP.

If the (sub) goal is to support reflector learning style, then present her/him first with work-out examples, modelling examples and theoretical models.  

If the (sub) goal is to compensate for the weakness of the reflector learning style, then describe real life context of the tasks, and provide systematic problem solving approach, and ask for applying it on learning tasks.   

For more theoretically oriented reflectors assign the order of supportive information components as follows:  modelling examples, work out examples, theoretical models, SAP

For more pragmatically oriented reflectors assign the order of supportive information as follows: work out examples, modelling examples, theoretical models, SAP.

Appendix B

Conceptual model of adaptation approaches, modes and controls
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Appendix C

Conceptual model of Experiment 1
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Appendix D

Conceptual model of Experiment 2
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