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ABSTRACT 

The purpose of this study was to determine the effectiveness of a concept-focused 

and a procedures-focused instructional approach on adult learner concept acquisition in 

terms of performance, motivation, and concept usage in reasoning. The concepts in the 

study consisted of complex defined concepts from a highly technical domain. Eleven 

students in a graduate instructional design program were assigned via stratified groups to 

one of two instructional treatment groups, one concept-focused and one procedures-

focused. Learners in the Concept-Focused Group received conceptual relational database 

design instruction early in the instructional sequence, prior to procedural instruction. 

Learners in the Procedures-Focused Group were presented the identical conceptual 

information, but embedded throughout an instructional sequence that emphasized 

procedural knowledge. Significant positive differences were found for far transfer 

performance and motivation levels in learners between the two groups. Verbal protocol 

analysis revealed no differences in time or trial and error strategies learners in the two 

groups took to solve a far transfer problem. These findings suggest that a concept-focused 

instructional strategy can positively impact student learning and motivation when 

learning complex defined concepts, and can assist learners in developing a more accurate 

mental model of these complex concepts. Suggestions for future research are presented. 
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CHAPTER 1 

INTRODUCTION 

 

Context of the Problem 

 
Few constructs play as great a role in learning as concepts (Gagné, 1985). 

Concepts enable learners to take the detailed, specific facts arising from the world and 

abstract these individual pieces of knowledge into information hierarchies and general 

operational rules (Gagné, Briggs, & Wager, 1992). These rules, in turn, make managing 

such information far more efficient than would be possible in their absence.  

 For example, instead of learning the individual names of all 9,000 species of birds 

in the world, a young child learns the concept bird, and develops an understanding of 

what this concept entails. Upon seeing a previously-unknown bird, the child is able to 

identify the new creature as a “bird” by using this conceptual understanding, even though 

this new specific bird has never before been seen by the child. In fact, the child, now 

having learned the bird concept, is likely to identify virtually any bird as a “bird” by 

using this learned concept without spending the months - and possibly years - it would 

take to memorize all the individual bird types in the world. This simple illustration makes 

clear the great utility of concept learning. 
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Rules and concepts, however, have been shown to play an even greater role in 

human learning than the above illustration might imply. Concepts do more than simply 

assist the learning process: concepts actually make possible learning, problem solving, 

communication, and even thought itself (Gagné, 1985). Because concepts enable 

abstraction and rule building (Gagné, Briggs, & Wager, 1992), if removed from the suite 

of human learning tools, learners would be required to memorize every individual 

instance of fact (such as the young person in the previous example individually 

memorizing all 9000 types of birds), a situation which would rapidly overcome the 

memory abilities of any human being, and bring learning progress to a virtual standstill. 

This understanding, then, should directly impact how we think about teaching and 

learning, and remind us of the great role concepts play in the process of instruction. 

 Over the past century, educational researchers have examined the nature of 

concepts (i.e., the form in which a concept exists in the learner’s mind), the mental 

process of acquiring a concept (how a new concept is learned), methods for teaching 

concepts (the use of various instructional strategies to achieve conceptual learning 

outcomes), and the assessment of conceptual learning (methods for determining if a 

learner has successfully learned a concept). In spite of the voluminous amount of 

empirical concept learning research, however, not all aspects of concept learning are fully 

understood (Tennyson & Cocchiarella, 1986; Tennyson & Park, 1980). In fact, many 

educational researchers and psychologists do not even agree as to the exact state and form 

of a concept as it resides in the mind of a learner (i.e., the method by which concepts are 
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held in long term memory and then applied by the learner to specific cases)1. This 

indicates to educational researchers that concept research continues and will continue to 

be a fruitful and important area of educational research. 

 

Problem Statement 

 
The current state of our understanding of concepts, although significant in both 

volume and detail of the number of studies, requires additional investigation for a richer 

understanding of the nature of concept learning. This is particularly true in the area of 

concept acquisition when the concepts to be learned are complex defined concepts, and 

learners are adults studying in a domain area outside their principal area of experience.  

To illustrate this point, we may note that  much of the outstanding research 

performed in the last thirty years has focused on children, and that the concepts 

associated with many of these studies were very basic in nature, such as triangle, 

parallelogram, and other geometric forms (Burts, McKinney, & Burts, 1985; McKinney, 

Larkins, Ford, & Davis, 1983; Rosch, 1973; Tennyson, Chao, & Youngers, 1981) Such 

studies have significantly added to our understanding of how young children learn and 

use simple concepts (such as picking a triangle out of a collection of geometric shapes), 

but do not necessarily address if identical processes are occurring in adult learners 

studying concepts which are extremely complex in nature. Such studies can therefore 

                                                           
1 As will be shortly described, two main theories of concept learning and application are 
currently proposed: the Classical view, and the Prototype view. 
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certainly be generalized to other audiences similar in fundamental characteristics (age, 

grade level, prior instruction, use of concrete concepts, etc.), but may not equally speak to 

processes in which adult learners engage when attempting to learn highly complex, 

abstract defined concepts outside their domain of study. 

In addition, although much research has been conducted studying the nature of 

concept acquisition (Kotovsky & Simon, 1973; Mayer, 1977), far less research has been 

performed investigating learners’ use of concepts (i.e., cognitive reasoning) as a result of 

specific concept-based instructional strategies. For example, holding all conceptual 

instructional content constant, does the nature of particular instructional strategies 

significantly alter an adult learner’s cognitive reasoning process when implementing 

complex conceptual knowledge during problem solving (Petty & Jansson, 1987)? Does a 

student’s conceptual understanding, reflected in the student’s mental model, develop in a 

more accurate and complete manner if instructional content is first focused on developing 

a learner’s mental model before introducing procedural instruction, or is the learner’s 

mental model more robustly created if conceptual instruction is incrementally taught 

within instructional content focusing more on the use (i.e., procedures) of such concepts ( 

Hong & O'Neil Jr., 1992)? These questions have not been fully explored in previous 

concept research, particularly when the audience is adult learners studying complex 

defined concepts. 
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Purpose of the Study 

 
The purpose of the proposed study was to determine the effectiveness of a 

concept-focused or a procedures-focused instructional approach on adult learners 

studying complex defined concepts, in terms of performance, motivation, and concept 

usage in reasoning. Specifically, the study sought to gather empirical evidence on the 

effect of two instructional strategies - one directly focused on conceptual material, with 

procedural instruction introduced after conceptual instruction, and the other focusing on 

procedural issues, with concept instruction embedded at points throughout procedural 

instruction - on performance (in terms of recall/basic understanding, near transfer, far 

transfer, and overall performance), learner motivation (in terms of attention, relevance, 

confidence, and satisfaction), and the usage of concepts in reasoning employed by 

learners in solving far transfer problems.  

In collecting both quantitative and qualitative data related to all three of the 

dependent variables (performance, motivation, and cognitive reasoning), the study’s goal 

was to build an expanded description on the effects of both instructional treatments 

(concept-focused and procedures-focused) on complex defined concept learning in adult 

learners. Performance data, measured quantitatively by post-test (which consisted of two 

individual instruments, the Concept Learning Assessment instrument and the Prototype 

Assessment instrument, both developed for this study), was collected to provide 

comparative data on learners’ level of concept acquisition in terms of recall/basic 

understanding, near transfer, far transfer, and overall performance (i.e., all these 

performance categories combined) measures as a result of the differing instructional 
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treatments. Motivational data, also measured quantitatively by the Keller Course Interest 

Survey (Keller & Subhiyah, 1993), was collected to provide comparative data on the 

motivational effect of each treatment on learners. Cognitive reasoning data, measured 

qualitatively by verbal protocol analysis, was collected to provide comparative 

information on how learners modeled and solved problems as a result of the two 

instructional treatments. 

 

Research Questions 

 
This study sought to answer questions concerning the effectiveness of a concept-

focused or a procedures-focused instructional approach on learner concept acquisition 

working in a complex technical domain. In attempting to answer this general research 

question, information was gathered in this study to answer three specific research 

questions: 

1. What is the effect of a concept-focused or a procedures-focused instructional 

approach on student achievement, as measured by post-test measuring recall and 

problem solving? 

2. What is the effect of a concept-focused or a procedures-focused instructional 

approach on learner motivation in terms of attention, confidence, relevance, and 

satisfaction, as measured by the Keller Course Information Survey (ARCS)? 
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3. What is the effect of a concept-focused or a procedures-focused instructional 

approach on concept usage in reasoning, as measured by verbal reports (protocol 

analysis)?   

Significance of Study 

 
The study is significant for a number of reasons. First, the ubiquity of concept 

instruction at all age levels speaks to the value of any study which seeks to further refine 

our understanding of concept learning. The teaching of concepts and conceptual material, 

however, is not only present in virtually all forms of instruction; at the adult levels, 

defined concepts are inseparably connected with most subject areas (e.g., a political 

science class might be impossible without such defined concepts as democracy, 

oligarchy, and republic, or an English course might not be effective without developing 

such defined concepts as participial phrase, gerund, or adverb). The ubiquitous presence 

of defined concept instruction speaks to the value of past concept learning research, and 

was likewise a primary impetus for this specific study.  

In addition, it has been demonstrated that problem solving – a near universal 

activity in both academic and non-academic settings - is built upon conceptual 

understanding (Bransford, Brown, & Cocking, 2000a). This “hierarchy” of skills implies 

that, in order to develop correct and efficient problem solving techniques in learners, it is 

essential that learners first correctly acquire the necessary conceptual knowledge, along 

with a validated schema and mental model ( Hong et al., 1992). If learners can achieve 

high concept learning outcomes, they will be more enabled to correctly and efficiently 
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use those concepts when faced with real life problem solving situations (Bransford et al., 

2000a).  

Practical issues also speak to the study’s significance as it pertains to instruction 

and learning. It is sometimes unfortunately unrealistic, due to cost and/or time issues, to 

comprehensively redesign entire instructional programs in order to improve learning 

outcomes. Instructional design and all the work associated with this task (e.g., material’s 

development, SME review, etc.) can present a significant expenditure of both time and 

money (Smith & Ragan, 1999). The costs associated with designing instruction implies 

therefore that most instructional design projects cannot be undertaken at will, and that 

choices must be made as to where best to employ limited available funding over a wide 

array of needed instructional design projects. If, as in this current study, it can be shown 

that conceptual learning and problem solving skills are improved by the simple re-

ordering of existing instruction, a method would be available for improving learning 

outcomes without incurring the large financial and time expenditures associated with a 

comprehensive instructional re-design. 

Finally, the study is significant in that it gathered empirical information on 

individuals’ cognitive reasoning patterns as a result of differing instructional treatments. 

Although there have been studies using verbal protocol analysis to investigate aspects of 

concept learning (e.g., the Hong et al. 1992 study on mental models), the technique is still 

not commonly employed in concept learning research, and few empirically-based studies 

dealing with concept learning seek to investigate the cognitive reasoning processes 

learners employ as a result of exposure to specific instructional strategies. For this reason, 
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the current study collected data to investigate the relationship between instructional 

strategies, mental model development, and cognitive reasoning during problem solving, 

making the study a useful contributor to the area of concept research.  
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CHAPTER 2 

LITERATURE REVIEW 

 
 

The following literature review presents a background on concepts and concept 

learning, as well as other issues pertinent to the proposed study, including: the definition 

of the term concept; the importance of concepts as seen by educational researchers; the 

role of mental models in concept learning as described by Schema Theory; the 

relationship of motivation to concept learning; the identification of concept acquisition 

levels in learners; a summary presentation of prior concept learning research; a brief 

discussion of the role protocol analysis can play in concept learning research; and a 

summary of the implications of prior research on the current study. 

 

Defining “Concept” 

 
A concept is a mental construct or representation of a category that allows one to 

identify examples and non-examples of that category (Howard, 1987). This mental 

representation permits learners to bring order to all experienced objects and events 

(Tessmer, Wilson, & Driscoll, 1990). The role of concept learning is so critical to the 



 

 11 

nature of human development that its value can hardly be overemphasized2. It is not 

surprising, then, to note that a large percentage of a school curriculum will consist on 

concept learning, with much instructional effort geared towards student attainment of 

these concepts (Eggen & Kauchak, 1994). 

Concepts are described as falling into two major categories: concrete and defined 

(Gagné et al., 1992). Concrete concepts are known by their physical characteristics (e.g., 

“triangle”), whereas defined concepts are not generally physically observable, hence are 

known only by their definition (e.g., “money market account”) (Smith & Ragan, 1999). 

Further, concepts are termed either successive (sets of concepts with a common, 

superordinate parent concept) or coordinate (sets of concepts in which characteristics of 

one concept are partially defined by others in the set) (Smith & Ragan, 1999; Tennyson 

& Cocchiarella, 1986), based on their relationship with other concepts in the domain. 

Thus the two concepts “coniferous” and “deciduous” are coordinate concepts: one must 

understand the meaning of one concept in order to fully understand the meaning of the 

other. The concepts “comedy” and “drama” are successive concepts; one may know the 

meaning of one concept without having been exposed to the other. With the development 

of this general definition and description, we now proceed in the next section to describe 

the role concepts play in the process of human learning. 

                                                           
2 The importance of concept learning is evidenced by the very purpose of this 

section, which is an attempt to develop the concept of “concepts”. 
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Critical Role of Concepts in Human Learning 

 
As stated previously, concepts and concept learning play a critical role in human 

development in terms of their interaction with the learning process. Some of the salient 

issues surrounding concepts and human learning are briefly stated and described below. 

First, concepts enable abstract thought on the part of individuals (Gagné, 1985). 

Supported by concepts of a lower-level and often “concrete” in nature, abstract thought 

can therefore be viewed as existing within a hierarchy of ideas. The concept of 

democracy, for example, would not be possible the supporting ideas common good, 

safety, security, health, and responsibility. Piaget argued that it was the development of 

concrete concepts that made possible the abstraction of ideas within learners, without 

which learners would be unable to build more complex ideas and solve their associated 

problems (Piaget, 1950). We can easily see via such a hierarchy that concepts are 

critically important in establishing the notion of abstract thought, and by implication, of 

human learning. 

Second, concepts allow learners the opportunity to order and categorize objects 

and events, thereby eliminating the need for memorization of all individual instances 

(Tessmer et al., 1990). Without the abstraction and classification function provided by 

concepts, the world would quickly become an unmanageable series of disconnected facts 

and experiences, quickly overwhelming the learner, and putting such a high cognitive 

load on mental processes that additional learning would be virtually impossible 

(Tuckman, 1996). In fact, instruction itself would not even be possible without the notion 

of concepts (Gagné, 1985), as no instructional system could ever deliver a meaningful 
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system of knowledge by presenting only discrete, disjointed facts. Further, such 

categorization and grouping also adds meaning to an individual’s learning process 

(Tessmer et al., 1990). This meaningful ordering and grouping greatly enhances an 

individual’s learning experience, and greatly increases the upper bound as to how much 

can be learned by a single person, some arguing for limitless learning (Gagné, 1985). 

Third, concepts perform a critical role in the ability for humans to think and 

communicate (Gagné, 1985). It has been long argued by cognitive psychologists that 

people think and communicate via symbol systems (Driscoll, 1994; Salomon, 1994). 

These symbol systems are said to enable individuals to encode outside events (such as 

new knowledge, or experiences) into symbolic representational form which may then be 

stored in the person’s long term memory (Bruner, 1966). It is concepts which form the 

“glue” between symbols, outside events and knowledge, and the learner’s own symbolic 

representation. A concept can be represented by a symbol (Merrill & Tennyson, 1977), 

the symbol stored in memory, and then the symbol recalled when concepts are used to 

classify new situations, solve a problem, or perhaps, develop a new concept or principle 

by combining existing concepts (Gagné et al., 1992). Without these tools, humans would 

loose the ability to think and communicate effectively. 

 Finally, concepts are critical components in problem solving activities (Gagné et 

al., 1992). Occupying a lower level in Gagné’s intellectual skill hierarchy than problem 

solving (Gagné, 1985), concepts form the link between facts and information (i.e., mere 

verbal information) and the higher-order processes required to create solutions (i.e., 

problem solving). Ross and Spalding (1994) expand on the role of concept knowledge in 
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problem solving by describing four functions which concepts enable in problem solving 

(three of which have already been mentioned in the preceding paragraphs): classification, 

inference (i.e., inferring properties of classes which are not yet known, but can be 

hypothesized from the existing knowledge of the class), combination (i.e., combining 

existing concepts to create new concepts), and communication (Ross & Spalding, 1994). 

It is through the mechanism of concepts that individuals are able to understand and 

overcome problems of all types, from simple to complex. 

 

Prior Concept Learning Research 

 
As early as the 1920’s, “classification criteria,” a critical component for 

understanding the nature of concepts, were used by Clarke Hull in what can be 

considered some of the earliest empirical studies in concept learning (Tessmer et al., 

1990). Hull’s work established the earliest reference to “categories” as they apply to 

learning situations, and though rarely referred to in today’s concept studies, can serve as a 

marker to the beginnings of concept research as we know it today. 

Some twenty years after Hull’s initial work, a group of educators gathered to 

establish a listing of desired educational objectives for students studying in the United 

States. These educators (among them, Bloom, Englehart, Furst, Hill, and Krathwohl) 

developed a hierarchy which delineated goals and objectives for three domains: 

cognitive, affective, and psychomotor (Hiutt, 2000). The finalized taxonomy of this 

hierarchy, published in 1948, was entitled Taxonomy of Educational Objectives: the 
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Classification of Educational Goals. Now more colloquially known as Bloom’s 

Taxonomy, the hierarchy specified definitions, sample verbs, and sample behaviors for 

each of six levels of learner objectives: Knowledge, Comprehension, Application, 

Analysis, Synthesis, and Evaluation. Bloom’s Taxonomy not only became a landmark 

publication within the field of educational research, but also played an early role in 

establishing a platform from which to study the nature of concepts. Specifically, the 

fourth level of the taxonomy, Analysis, was defined as the ability of a student to 

“distinguish, classify, and relate the assumptions , hypotheses, evidence, or structure of a 

statement or a question” (Hiutt, 2000), and was connected with such sample verbs as 

“analyze,” “categorize,” “contrast,” or “compare” (Hiutt, 2000). As will be seen, this 

early description by Bloom et al very closely aligns with subsequent descriptions of 

concept learning as determined by concept researchers in later years, and can therefore be 

viewed as a precursor to more specific and detailed investigation into the nature of 

concepts and concept learning. 

 A second landmark educational work - and more centrally focused on the area of 

concepts and concept learning - was published in 1956 by Bruner, Goodnow, and Austin 

(Bruner, Goodnow, & Austin, 1956). (Bruner, a research professor at New York 

University, was in 1987 awarded the prestigious international Balzan Prize for his 

lifelong contribution to human psychology.) In their work, A Study of Thinking, Bruner et 

al laid much of the earliest foundation in the development of an understanding of 

concepts, and, as a consequence, has become a classic in the field of psychology (Wilson, 

1999). A Study of Thinking posited a theory on how humans categorize external objects, 
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and how such categories are learned by individuals. The work proposed that concepts 

were the method by which individuals overcome the complexity of the world by 

invalidating the need for memorization of every explicit instance, a theme repeatedly 

cited in many subsequent works in concept learning. Bruner et al theorized that concepts 

were describable via some set of attributes, which eventually results in a unique class 

(category) for the concepts containing those attributes (Bruner et al., 1956). Bruner et al 

also proposed that categorization requires invention, and that this invention – the new 

concept – becomes a tool for use in future, more complex concept acquisition (Bruner et 

al., 1956). The act of categorization, according to Bruner et al, is not simply recognition, 

but application of rules, or “the rule of grouping” (Bruner et al., 1956). Bruner et al’s 

work suggested three concept categories: conjunctive (i.e., concepts that are defined by 

the joint presence of more than one attribute variable), disjunctive (also defined by the 

joint presence of two or more attributes, but in addition, alternately defined by the 

presence of any single relevant attributes), and relational (defined by the relationship 

between attributes).  

 Bruner et al’s initial research presented a number of findings presented in A Study 

of Thinking. For example, the authors found that concept learners tend to form a 

hypothesis about the rule underlying the concept, which could be stated in terms of an 

“if-then predicate” (Newell, 1990; Schunk, 2000). Learners could demonstrate the 

successful acquisition of a concept if they could show the predicate to be either true or 

false for a given situation (Newell, 1990). The hypothesis/predicate notion was not 

declared to be an infallible strategy for the learner, but one that, with repeated exposure 
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to individual cases, would be refined and strengthened so as to improve the usefulness of 

the classifying rule. In addition, Bruner et al determined that, in distinction from 

behavioral S-R relations which took repeated trials and time to become sufficiently 

strengthened, individuals gained concept learning quickly (Bruner et al., 1956), and were 

more successful learning concepts when positive, not negative, examples were employed.  

 The result of this landmark publication and its related research lead to the 

Concept Attainment Model. The Concept Attainment Model, also known as the Classical 

Concept Theory, and may be contrasted with the other major theory of concept 

acquisition, Prototype Theory (discussed below). The Concept Attainment Model is built 

on the preposition that concepts involve the process of rule formation used to establish a 

concept’s critical features (i.e., intrinsic attributes) (Schunk, 2000). The model dictates a 

process in which students inductively learn a concept via the following process: the 

instructor selects the concept to be taught, determines the associated attributes, and builds 

a list of examples and non-examples of the concepts. The instructor then presents the 

concept, attributes, and examples to learners, develops a concept definition with 

interaction from the learners, provides additional examples, and finally discusses with the 

students a summary of the process just described (Schunk, 2000). (The most easily taught 

concepts are therefore those which have clear superordinate, coordinate, and subordinate 

concepts.) Students are provided opportunities during instruction to determine which 

examples are correct and incorrect with feedback from the instructor.  

 The Concept Attainment Model, though a primary addition to the research base in 

concept learning, was not without its difficulties. For example, the theory as stated 



 

 18 

predicated that individuals make use of rules to classify objects, which implied that 

individuals should be able to identify examples of the concept at generally the same 

speed. Research into this notion, however, has determined that this implication is not the 

case (Schunk, 2000). Furthermore, it was observed that some concepts cannot even be 

defined via a specific set of critical attributes (Schunk, 2000), a requirement laid down by 

the Concept Attainment Model. These difficulties provided evidence that the Concept 

Attainment Model, though generally successful in many cases and still very much in use 

today, did not provide a fully comprehensive and defensible explanation into the nature 

of concept learning. 

 During the 1960’s, the educational research community’s knowledge of concepts 

and concept learning profited substantially from the work and insight of two unique 

researchers, Robert Gagné and Herbert Klausmeier. Gagné was a professor and 

educational psychologist at the Educational Research Department and the Learning 

Systems Institute at Florida State University, and was named FSU’s Robert O. Lawton 

Distinguished Professor in 1980. Klausmeier was a professor of education at the 

University of Wisconsin. Gagné developed substantial insight into the psychology of 

learning, including the role of concept learning, over a 50 year period and subsequently 

made a substantial contribution to implementation of learning theory within the field of 

Instructional Systems Design; Klausmeier invested some 30 years of empirical research 

devoted specifically to the development of improved understanding of concepts and 

concept teaching. The critical contributions of these two men to our current 

understanding of concept learning are briefly described below.  
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 Gagné’s proposed learning hierarchy consists of five specific types of learned 

capabilities: verbal information, intellectual skills, attitudes, cognitive strategies, and 

psychomotor skills. The specific capability (also called a “learning outcome”) intellectual 

skills, is comprised of a sub-hierarchy of mental complexity from least to greatest in 

terms of discriminations, concrete concepts, rules and defined concepts, higher-order 

rules and problem solving (Gagné et al., 1992).  

In this hierarchy, concepts are enabled by discriminations, and concepts, in turn, 

make problem solving possible (Gagné et al., 1992). Further, concepts are said to be 

subordinate to rules, and are the components of which rules are comprised: if we add two 

concepts together, we can create a rule (Gagné et al., 1992). The value of this system 

cannot easily be overstated, for it allows both theoretician and researcher alike to view 

concepts within a larger framework of rules, procedures, and discriminations, therefore 

yielding clues as to how such frameworks are constructed in the learner’s mind. 

 Gagné et al. (1992) spoke of both “concrete” concepts (i.e., concepts which can 

be learned via observation), and “defined” concepts (i.e., concepts which are not visible, 

e.g., earned income credit, or the Renaissance, which must be learned via their 

definition). Gagné et al posited a three-stage process for the acquisition of a new concept: 

discrimination (the concept is differentiated from non-examples of the concept), 

generalization (the concept’s essential attributes begin to be abstracted and recognized in 

a larger group of examples), and variation in irrelevant details (the concept can still be 

recognized within a series of examples and non-examples that may or may not differ in 

non-critical attributes). This three-stage concept learning process is similar to 
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Klausmeier’s four-stage theory (Smith & Ragan, 1999), to be discussed shortly. Gagné 

further proposed (1985) that the following conditions be present in order for concept 

learning to take place: for the learner, previously learned discriminations must be recalled 

from memory, verbal labels for the concept already must have been acquired, and 

generalization of the basic discriminant must take place; for the environment, verbal cues 

and instructions must be provided, including the original instance along with a non-

instance, generalization, variation of the original instance, and reinforcement. This 

procedure aligns with Gagné’s overall depiction of information processing, and is found 

in similar fashion embedded within Gagné’s Events of Instruction (Gagné, 1985; Gagné 

et al., 1992). 

 Klausmeier, like Gagné, also made substantial and lasting contribution to the 

understanding of concepts and concept learning with the development of his 

aforementioned theory of concept attainment (Klausmeier, 1992). In this model, 

Klausmeier posited a four-stage sequence that describes the “depth” by which an 

individual has attained a concept: concrete (the learner can recognize the identical 

concept instance as presented in instruction when it appears in the same modality), 

identity (learner can recognize the same concept instance in a different modality), 

classificatory (the learner begins to generalize and can identify at least two instances as 

being equivalent, but the true nature of the classification may not yet be understood by 

the learner), and formal (the learner fully understands the concept) (Schunk, 2000). In 

Klausmeier’s scheme, the phrase “fully understands” means that the learner can name the 

concept and its defining attributes, define the concept, and list critical attributes 
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(Klausmeier, 1992). Klausmeier also described concepts as possessing three attributes: 

intrinsic, functional, and relational. Klausmeier performed numerous empirical studies 

over a thirty year period directly investigating the nature of concept learning, and his 

concept research, along with Gagné’s, is cited as the basis for a great number of 

subsequent concept research efforts.  

 In the 1970’s, a professor of Psychology at the University of California, Eleanor 

Rosch, challenged the idea that concepts are learned by the use of hypothesis and rule 

formation (as Bruner had theorized), by proposing that concepts were learned and stored 

in learners via the use of a mental idea, or typical example (Ormrod, 1995). This 

idealized mental idea was proposed as built from the critical attributes of many instances 

of a class, and could therefore be used as a generalized comparison with which all new 

instances could be compared to determine if the new instance was a member of the class 

(Ormrod, 1995). This new approach to describing how concepts are acquired and applied 

by learners became known as Prototype Theory, because the idealized mental 

representation of the concept could be described as a prototype from which all specific 

instances could be created. Prototype Theory, then, is the second major conceptual theory 

on concepts, and is contrasted with the Classical View (which posits that concepts are 

predicated on rules and hypotheses, not an idealized prototype) developed out of Bruner’s 

earlier work.   

Much subsequent educational research work has been done in the last two decades 

concerning concepts and concept learning, and time and space constraints in the current 

context permit a brief listing of only a few of these endeavors. As the last part of this 
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review on previous concept research, I describe three among many of these evolving 

theories on concept learning. 

 First, Reigeluth’s Concept Elaboration Theory (Reigeluth, 1999) is similar to the 

premise found in Prototype Theory. To Reigeluth, a prototype is an “epitome” - a best-

case example - of a concept, and should be presented early in the instructional sequence, 

with subsequent elaboration (Ragan & Smith, 1996). Reigeluth’s theory suggests that 

there are three types of conceptual structures: parts, kinds, and matrices (i.e., 

combinations of two or more structures) (Ragan & Smith, 1996). For teaching conceptual 

knowledge structures, for example, Reigeluth suggests using an epitome that contains the 

fundamental concepts of the course (Ragan & Smith, 1996). For a somewhat extended 

discussion on the empirical research attempting to validate Elaboration Theory (including 

a list of findings from specific research studies conducted since 1983), see Smith & 

Ragan’s article on Conditions-Based Models for Designing Instruction (Ragan & Smith, 

1996). 

 Second, Drs. Martin Tessmer, Brent Wilson, and Marcy Driscoll proposed a new 

model for concept teaching and learning in the early 1990’s (Tessmer et al., 1990) which 

posited that concepts may be schemas or networks in themselves, held in the learner’s 

mind as “a complex arrangement of declarative, procedural, and inferential knowledge” 

(Tessmer et al., 1990). In this theory of concept development, concepts are viewed, not as 

classification rules, but as conceptual tools that are used for different purposes, depending 

on context (Tessmer et al., 1990). Tessmer et al recommend that concepts be taught via 

analogies, learning strategies, use/inference practice, and the proposed “rational set 
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generator” (Tessmer et al., 1990), a tool to create best instance examples for teaching 

concepts. 

 Finally, Robert Tennyson and Martin Cocchiarella in the mid 1980’s described an 

empirically based instructional design theory for teaching concepts (Tennyson & 

Cocchiarella, 1986). This model viewed concept learning as a two phase process, where 

conceptual knowledge is acquired first by the learner (i.e., an understanding of the 

concept itself), followed by acquisition of procedural knowledge (how to use the learned 

concept). This detailed and prescriptive system for achieving concept knowledge is fully 

described in Tennyson’s and Cocchiarella’s 1986 article, including all content structure 

variables, instructional design variables, and recommended instructional design strategies 

(Tennyson & Cocchiarella, 1986). 

 

The Role of Schema and Mental Models in Concept Learning 

 
Cognitive psychologists have for many years attempted to describe the mental and 

cognitive processes at work when learners acquire new knowledge, focusing primarily on 

how long-term memory is able to store, recall, and apply learned information. Many 

researchers believe that learned information such as concepts are stored in long term 

memory in the form of “schema” and “mental models” that provide the storage and 

retrieval mechanisms necessary to learn conceptual material (Driscoll, 1994).  

The basic idea surrounding “schema” can be traced back to the ideas of Immanuel 

Kant in the 18th century, but the notion of schema was more directly introduced to 
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psychology by Bartlett (1932) to describe memory processes (Milligan, 1979). Following 

Milligan’s excellent summary of Schema learning theory in his Schema Learning Theory: 

an Approach to Perceptual Learning (1979), Woodworth (1938) added to the notion of 

schema by his addition of a “correction factor” that individuals use to improve their 

internal schema. About twenty years later, Attneave (1957) described schema as related 

to “central tendency,” (Milligan, 1979), somewhat of an “averaging” of previous 

experiences within the mind of the learner. Still later, Corum and Brown (1973) 

concluded that there appeared to be general agreement between researchers that a 

“schema” was a set of rules whereby a prototype pattern could be generated (Milligan, 

1979).  A critical modern publication in this line of research was Rumelhart’s 1980 piece 

in the above-mentioned Theoretical Issues in Reading Comprehension, which was based 

on the earlier seminal work of Bartlett in the 1930’s (Leahey & Harris, 1989).  

 Schema are said to be the building blocks of cognition (Rumelhart, 1980). Schema 

Theory currently posits that schemata are data structures that allow the storage of generic 

concepts in memory (Rumelhart, 1980), and guide both information reception and 

retrieval (Leahey & Harris, 1989). Schema are also described as a metaphor that 

represents how ideas or concepts are associated (Lefrancois, 1994).  

When an individual develops a particular schema for a specific domain area, this 

is called a mental model (Driscoll, 1994). The mental model is therefore a domain-

specific representational schema held in a person’s long-term memory that enables a 

learner to receive new information (both declarative and procedural) pertaining to the 

domain area, store that information in a construct that allows for search and retrieval, and 
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enables the learner to successfully utilize the stored information to solve problems 

(Bransford et al., 2000a). Mental models for a specific domain evolve with experience, 

are never complete, and are highly idiosyncratic in nature (Norman, 1983). Upon first 

experience with a learning domain, a learner acquires the declarative and procedural 

knowledge needed to solve problems and encodes these into mental schema (Anderson, 

1983). Over time, this learner’s mental model is added to, adjusted, and refined via 

learning experiences within the domain. As a result, the mental model should eventually 

hold the majority of both the declarative and procedural information associated with the 

subject, and permit learners to successfully interact with new information (Driscoll, 

1994).  

 The notion of mental models is not new. Craik (1943) suggested nearly sixty 

years ago that thinking is described and controlled by “internal modes,” an early 

precursor to what we now refer to as mental models (Seel, 1995). The construction of 

mental models in learners have been subsequently refined and described by Seel (1995): 

“the construction of a mental model a medium of causal understanding basically depends 

on the existence of stored individual experiences as well as on the competence to both 

retrieve this knowledge and apply it in accordance with the requirements of a new 

situation or task… Thus, the fundamental basis of mental modeling consists in 

identifying similarities between different situations” (p. 198). Seel further elucidates and 

refines his view on mental models by stating that there are three sources for mental 

models: pre-existing knowledge, everyday observations of the world, and other people’s 

explanations (Seel, 1995).  
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There are significant implications for concept learning and instruction that derive 

from Schema Theory. First, before learners develop a concept-based mental model, the 

learner will be at a significant disadvantage when attempting to solve problems in the 

learning domain. Research has indeed verified that if a learner does not possess a mental 

schema appropriate to the learning domain, both comprehension of new learning and 

memory of the new information will be low (Bransford & Johnson, 1972; Dooling & 

Mullett, 1973). Second, it has been argued by Ausubel that, in order for “meaningful 

reception learning” (Ausubel’s term) to take place, new ideas must be attached in 

subordinate fashion to knowledge already present in the learner (Ausubel, 1962), which 

Ausubel called subsumption. As stated by Driscoll (1994), Ausubel argued that the 

activation of prior knowledge is essential if the learner is to acquire new knowledge in a 

meaningful manner, “since the existing cognitive structure provided the foundation for 

learning new things” (Driscoll, pp. 144-145). Schema-based research has led a number of 

theoreticians and researchers to recommend the teaching of schema and mental models 

directly to students to initiate their learning into new subject domains. Norman (in 

Driscoll, 1994) states  

 

As designers, it is our duty to develop systems and instructional 

materials that aid users to develop more coherent, usable mental models. 

As teachers, it is our duty to develop conceptual models that will aid the 

learner to develop conceptual models that will aid the learner to develop 

adequate and appropriate mental models (p. 14). 
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Along this same line of reasoning, Gagné and Glaser also observed that mental models 

may be explicitly taught to learners to facilitate performance and to provide an important 

supplement to teaching strategies (Driscoll, citing Gagné & Glaser, (1987)). Seel (1995) 

further stated  

 

…the construction of a mental model should not be considered an isolated 

and independent side effect of instruction but rather an important part of a 

general teaching strategy with the aim to permanently improve the 

students’ ability of creating causal explanations of specific world 

phenomena (p. 208). 

 

 In the present study, these recommendations are used to support the contention 

that a mental model, even of a series of complex defined concepts in a technical domain, 

can be successfully taught to learners, and that the type of instructional strategy (i.e., 

concept-focused or procedures-focused) will significantly affect that mental model, and 

be evidenced in learner performance, motivation, and cognitive reasoning. 

 Schema Theory research therefore implies that, in order to effectively learn new 

conceptual information in unfamiliar domains, learners must develop a cognitively-based 

mental model of the subject area in order to efficiently and coherently understand both 

new concepts and the relationships of concepts to one another. Even with an elementary 

model, the learner will be adding new information, adjusting relationships, and 

continually adjusting their “understanding” as they continue to expand their learning of 
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the subject by incorporating new declarative and procedural knowledge through teaching 

and experience.  It can therefore be argued that helping students establish a proper 

conceptual mental model before providing procedural details should assist students in 

both acquiring and remembering complex conceptual material. This approach can be 

accomplished by directly teaching fundamental concepts to students early in the 

instructional sequence from which they can build a mental model containing their 

conceptual understanding of individual concepts and the relationship of these concepts to 

each other. Beck, McKeowen, and Gromoll (1989) argued for organization and 

presentation of such conceptual frameworks: 

The fact that experts' knowledge is organized around important ideas or 

concepts suggests that curricula should also be organized in ways that 

lead to conceptual understanding. Many approaches to curriculum design 

make it difficult for students to organize knowledge meaningfully. Often 

there is only superficial coverage of facts before moving on to the next 

topic; there is little time to develop important, organizing ideas. History 

texts sometimes emphasize facts without providing support for 

understanding. 

 Often, these conceptual frameworks are best taught in abstract ways, so that students do 

not associate the single instance with the underlying concept. In using such abstractions, 

Bransford et al (2000) states that “Research studies generally provide strong support for 

the benefits of helping students represent their experiences at levels of abstraction that 

transcend the specificity of particular contexts and examples (National Research Council, 
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1994). Examples include algebra (Singley and Anderson, 1989), computer language tasks 

(Klahr and Carver, 1988), motor skills (e.g., dart throwing, Judd, 1908), analogical 

reasoning (Gick and Holyoak, 1983), and visual learning (e.g., sexing chicks, Biederman 

and Shiffrar, 1987).” In another specific empirical study, Hong and O’Neil Jr. (1992) also 

found that the use of specific instructional strategies to help students develop robust 

mental models – primarily the strategies of teaching conceptual material first in 

conjunction with illustrations – significantly improved learner performance and 

simultaneously reduced the number of learner misconceptions at the end of instruction ( 

Hong et al., 1992).  

In light of these findings, the present study argued that there should be a 

significant gain in conceptual understanding on the part of learners working with 

complex defined concepts in a technical domain when learners are taught a mental model 

early in the instructional sequence, before procedural issues related to those concepts are 

addressed by instruction.  

 

Methods for Teaching Conceptual Material 

 
Conceptual instruction typically implements one of two strategies, inquiry or 

expository (Smith & Ragan, 1999). The inquiry strategy (also called the “exploratory” 

strategy or discovery approach) makes use of examples and non-examples, and requires 

that learners use induction to determine the underlying concept. After learners induce the 

concept being taught, they then create their own examples (i.e., presumed instances) of 
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the new concept, and are provided feedback by the instructor as to correctness of their 

proposed concept instances. The expository strategy employs a different instructional 

approach by presenting the concept, its name, and critical attributes (typically early in the 

instruction), followed by presentation of examples and non-examples (Smith & Ragan, 

1999). This more didactic approach does not make use of inquiry-discovery processes (as 

in the exploratory strategy), but rather presents all known information about the concept 

directly to the learner. As such, the expository approach can be more efficient in terms of 

instructional time, as the direct verbal information pertaining to the concept can be 

delivered directly to students without the need for long periods of student discovery and 

exploration.  

 

Motivation and Concept Instruction 

 
Schunk, citing Pintrich, Marx, and Boyle (Pintrich, Marx, & Boyle, 1993), states 

that conceptual change involves motivational processes (Schunk, p. 190), a fact which 

most information processing models have generally neglected. Pintrich et al are cited as 

specifying four conditions for conceptual change to occur: dissatisfaction with one’s 

current conceptions, understanding of the new concept, plausibility of the new concept, 

and perception of the new concept as fruitful (Schunk, p. 190). Schunk states that 

motivational processes can enter in at several places in this model to build student 

attention, self-efficacy, meaningfulness, and self regulation (Schunk, 2000). Schunk sums 

this material by saying in short that “conceptual change involves an interaction of 
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student’s cognitions and motivational beliefs” (p. 190).  Statements such as these from 

researchers directly involved in the attainment of conceptual knowledge building speak to 

the importance of motivation in concept learning. 

 Motivational elements have been established by numerous studies to be an 

essential component of learning (Keller, 1987b; Schunk, 2000; Smith & Ragan, 1999). 

The Keller ARCS Model (the “ARCS” acronym standing for Attention, Relevance, 

Confidence, and Satisfaction, four primary components of learner motivation) has been 

shown to be particularly effective in enhancing and sustaining learner motivation in 

learning situations (Keller, 1987a), and is therefore selected for use in the proposed 

concept study. 

 There are strong reasons for implementing the ARCS model when teaching 

conceptual information to learners. Motivational issues play a strong role in the 

development of conceptual skills (Klausmeier, 1992), as part of student learning involves 

the ability to make decisions on presented objects (i.e., concepts), and even suggesting 

self-generated examples (Smith & Ragan, 1999). Such student behavior requires a high 

level of confidence if learners are to be engaged with the instruction in the most 

meaningful manner. Tessmer, Wilson, and Driscoll (1990) also associate the notion of 

“meaningfulness” to successful conceptual instruction. This suggestion ties closely with 

the notion of relevance in the Keller ARCS model. Students who see the relevance of the 

concept learning in which they are participating are more likely to succeed in learning 

those concepts, and are also more likely to use such concepts in real-life situations after 

instruction is completed (Tessmer et al., 1990).  
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Finally, the position which “concepts” are said to occupy within Gagné’s 

intellectual skills learning hierarchy (Gagné et al., 1992) indicates that the level of 

complexity often associated with the acquisition of even the simplest of concepts can be 

quite high. As learning complexity and difficult go up, motivation may play an 

increasingly necessary role if students are to successfully complete the learning task. 

Acquisition of complex defined concepts, then, may be improved by enhancing learner 

attention, relevance, and confidence in the learning environment, all of which are 

addressed using ARCS (Keller, 1987a). 

 

Identifying Concept Acquisition Levels in Learners 

 
Klausmeier (described more fully in later sections) proposed a theory for concept 

attainment which could be used to assess to what level, or “depth,” learners have acquired 

a concept. The theory also states the observable behaviors learners will demonstrate at 

each level, or stage, of concept attainment. The following four-stage description is based 

directly on Klausmeier’s empirical studies on concept attainment (Klausmeier, 1992). 

1. Concrete Stage. At this stage, the learner is able to recognize a previously 

encountered item if the item is presented in the same spatial orientation or context in 

which the item was used during instruction. For example, the learner can recognize an 

instance of a rectangle if that instance is identical in shape, size, and orientation as the 

rectangle used during instruction. No generalizing (i.e., classification) has yet taken place 
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in the mind of the learner at this stage of concept acquisition, so the learner can only 

discriminate that the concept instance shown is the identical item used during instruction. 

2. Identity Stage. The learner can now recognize a previously seen item presented 

in a new context. For example, the learner can now identify the identical rectangle 

previously presented during instruction (as in Stage 1), but now turned at any angle (say, 

for example, crookedly skewed at 67°). Generalization has now begun to take place in the 

mind of the learner, allowing the learner to demonstrate a slightly more advanced use of 

the concept, i.e., recognition in spite of limited variation of the surrounding context. 

3. Classificatory Stage. The learner has moved to a more sophisticated level of 

generalization, and can now recognize of two or more objects as being members of the 

same class, and can ultimately recognize any example and non-example of the concept. 

For example, shown a of a series of geometrical shapes (including rectangles of various 

sizes and aspect ratios, squares, circles, polygons, etc., and in any spatial orientation), the 

learner can demonstrate that she can select only those shapes that fall into the rectangle 

class. Note that at this stage, naming the object is not requisite, nor is an explanation for 

why or how the learner has made these selective decisions. At this point, generalization 

has now extended more fully to identification of all class examples and non examples. 

4. Formal Stage. The learner has achieved complete acquisition of the concept, 

and is able to identify, classify, name, and cite critical attributes of the object class. 

Further, the learner is able to identify the object in virtually any context without being 

distracted by irrelevant details in test objects. At the formal stage, the verbal information 

used by authorities in naming and describing the object is also known by the learner, as is 



 

 34 

a listing of (and the ability to apply) critical attributes. For example, given the same 

presentation of objects as in the Classificatory Stage, above, the learner will demonstrate 

that she can select the correct objects, but in addition, will also be able to name the object 

class (rectangle), state its critical attributes (parallel sides opposite each other, 90 degree 

angles at all four corners), explain why the selections were made (using the critical 

attributes), and not be deterred by variations (a square, for example, is also a rectangle). 

According to Klausmeier, in order for a learner to achieve this level, the learner must be 

able to carry out mental processes at the classificatory level, as well as either hypothesize, 

evaluate, infer, or conduct meaningful reception operations (Klausmeier, 1992). 

Using Klausmeier’s model, learners are therefore said to have demonstrated 

complete and successful acquisition of a concept when they can identity examples and 

non-examples of a concept, name the concept, name the concept’s defining attributes, 

define the concept itself, and specify critical attributes of the concept (Klausmeier, 1992). 

This being the case, instruction aimed at teaching conceptual knowledge to learners must 

concern itself with all these aspects of concept learning in order to completely teach the 

concept (Smith & Ragan, 1999). The present study therefore assessed concept learning at 

the formal stage in post-test performance measures, and in addition, used information 

from verbal protocol analysis to determine the participants’ level of conceptual 

understanding. 
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Use of Protocol Analysis in Concept Research 

 
Concept learning studies performed by Tennyson and Cocchiarella in 1986 (An 

empirically based instructional design theory for teaching concepts) and Hong & O’Neil  

Jr. in 1992 (Instructional strategies to help learners build relevant mental models in 

inferential statistics), both employ the use of Protocol Analysis (Ericsson & Simon, 

1999) as a method for investigating the cognitive processes at work within concept 

learners. This technique, which has shown to be a reliable method for obtaining objective 

information on an individual’s mental processes (Ericsson & Simon, 1999), is a tool that 

should likely be more widely incorporated into concept learning studies, and is selected 

for use in the present proposed study of concept learning. Protocol Analysis has the 

ability to distinguish individual differences between learners engaged in cognitive 

processes (Ericsson & Simon, 1999), and can therefore be used as source of objective 

data into the results of educational interventions (Tennyson & Cocchiarella, 1986). 

Protocol Analysis is therefore a powerful tool to analyze the effectiveness of any 

instructional program dealing with higher-order skills, such as concept learning, and is 

therefore incorporated in the present proposed concept study. 

 Most studies employing the use of the Protocol Analysis technique for studying 

cognitive reasoning perform an a priori task analysis of a representative task, collect the 

individual learner protocols, and then compare the collected protocols of individual 

participants with the a priori analysis to determine points of convergence and divergence. 

Such techniques are typically done for the purpose of determining critical differences 

between novices and experts in cognitive reasoning during task performance (Ericsson, 
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1996; Hong et al., 1992). Often, time measurements are conducted in parallel with the 

protocol collection. Protocols are analyzed with either quantitative or qualitative 

measures (or both), depending on the specific study. An extensive review of the 

procedure, including a number of specific examples of use, as well as the theoretical 

underpinnings of the technique, are found in Ericsson and Simon’s book Protocol 

Analysis (1999). In the current study, an a-priori analysis of a problem solving task was 

not implemented, as the protocol analysis technique was used only to uncover specific 

strategies at use by learners as a result of two instructional interventions. Had this study 

been a comparison of expert and novice characteristics, the a-priori analysis would have 

been developed and used as described above in an attempt to determine a defining 

characteristic or characteristics which differentiates the two groups.  

 

Summary and Implications for the Current Study 
 

 
In reviewing the pertinent literature, it is helpful to restate the salient implications 

to be drawn from these studies and how these implications were utilized in the current 

study. This last brief section presents such a description. 

First, based on the concept terminology and definitions used by Gagné, Briggs, 

and Wager (1992), the study subject matter consisted of defined concepts (e.g., table,” 

“field,” “primary key,”), many of which were coordinate in nature (i.e., the meaning of 

primary key is dependent upon the meaning of field). In addition, due to the nature of 

defined concepts and the high level of coordination possessed by the defined concepts 
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used in this study, the instructional material used in this study can also reasonably be 

described as “complex,” especially when considering that the subjects were working 

outside of their primary domain of study. We therefore may describe the instructional 

content used in the study as complex defined concepts. 

Second, assessment of these concepts (see Appendices B, C, and E) required 

learners to know concept names, identify the concept, state critical attributes, and then 

employ the knowledge of such concepts in problem solving. This requirement, then, 

qualifies as Klausmeier’s fourth level of concept attainment, the Formal level 

(Klausmeier, 1992). Further, assessment was conducted in terms of recall/basic 

understanding (i.e., verbal information and simple conceptual knowledge), near transfer 

(problems very similar to those received during instruction), far transfer (problems 

different that those received in instruction, and often requiring “backward” reasoning), 

and overall performance (a combination of all performance categories). 

Third, the study’s rationale is based on the numerous studies performed in the 

area of Schema Theory (Seel, 1995), which posit that schema, being the building blocks 

of cognition (Rumelhart, 1980), are the structures which enable learners to problem solve 

and to assemble information (Driscoll, 1994). The mental model (i.e., the domain-specific 

schema) used for this study concerns the area of relational database design. Following the 

recommendations of Norman’s 1983 text Some Observations on Mental Models, 

Driscoll’s 1994 work Psychology of Learning for Instruction, and Gagné and Glaser’s 

Foundations in Learning Research (1987), it was hypothesized that such a mental model 

could be taught directly to students. This direct teaching of a mental model was 
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facilitated by combining all relevant coordinate and successive concepts into a single 

instructional unit for the Concept-Focused Group to be taught early in the instructional 

sequence in expository form (Smith & Ragan, 1999) before presenting procedural 

information (Hong et al., 1992). Through this approach, it was hypothesized that students 

learning this mental model would enable them to have higher levels of performance, 

especially in far transfer tasks. It was also hypothesized that such an approach, due to its’ 

development of a strong mental model, would improve student’s motivation, and would 

result in a more efficient problem-solving technique. 
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CHAPTER 3 

METHOD 

 

Participants 

 
Subjects for this study consisted of registered students for the fall 2002 term 

course EME 6613 (Electronic Performance Support Systems) at Florida State 

University’s Department of Educational Psychology and Learning Systems. There were 

11 students registered for the course during this semester, a somewhat lower number than 

is typically expected for the course (the course has an enrollment cap of 24 students). The 

demographic and ethnic makeup of the participant group was dissimilar to most graduate 

classes in US southeastern universities in that the majority of participants were 

international students (representing Australia, Korea, Turkey, China, Singapore, as well 

as the US). More typically aligned with US graduate courses were age and gender 

characteristics: most students were in their 20’s, and roughly equally divided by gender.  

A preliminary survey (see Appendix H) conducted to determine student entry-

level skills and experience related to computer hardware and relational database design 

software found that only four students participating in the study had previous experience 

with relational database design software. Of these four students, two had experienced 
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listed at 2 years or more, with the remaining students listing less than one year of 

experience. All students stated possessing experience with basic computer software, 

including word processing, spreadsheets, and/or e-mail programs.   

 

Environment 

 
The treatment for this study was delivered in separate classrooms contained in 

two non-adjacent buildings at the Florida State University campus. The Procedures-

Focused Group received instruction in a typical university computer lab classroom that is 

used by education students for other courses, homework, and general communication 

needs. The classroom was equipped with modern Windows 2000-based computers, was 

well lit, and was of sufficient quietness and temperature to be comfortable during 

instruction. Students also had desk space next to computers in which to lay out manuals, 

tutorials, and note-taking equipment.  

The Concept-Focused Group at the second location received instruction in a 

typical university classroom furnished with a conference table and chairs, and a 

whiteboard, with comfortable lighting, air conditioning, and quietness levels. A single 

computer (supplied by the instructor) and overhead LCD projector (supplied by the 

University) was also available for instructor use. Students sat as a group at the conference 

table, which permitted easy view of both the instructor and the overhead display. 

Although the distance and location of this second classroom created some difficulties for 

students (particularly in the difficulty of finding parking), students attended class on a 
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regular basis, and there were only two or three instances during the treatment period 

when a student was late for class. In these cases, class was not typically started until the 

last person arrived, and class was extended a few minutes beyond the normal end-of-class 

time. 

 

Independent Variable 

 
The Independent Variable for the proposed study, instructional strategy, consisted 

of two levels: the first level, Procedures-Focused Instruction, provided conceptual 

instruction embedded at various points within an instructional sequence than focused on 

procedural issues, and the second level, Concept-Focused Instruction, provided 

conceptual instruction first in the instructional sequence, followed by supporting 

procedural information. The two levels of the Independent Variable thus provided the 

mechanism for empirically investigating the results of a concept-focused presentation of 

complex defined concepts (specifically, relational database concepts).  

The treatment period lasted seven class periods, a period of approximately four 

weeks in length, and consisted of a total of 8.5 hours of instruction time. The treatment 

was conducted during the first five weeks of the semester in order to keep any previous 

learning on the part of students from biasing the experiment before it begins (such as if 

the study were conducted from weeks eight to twelve, etc.), as well as to allow easier 

transition of students back into the remainder of the course. The four-week treatment 

officially commenced on the second week of instruction, as the first week was used to 
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collect student signatures on Human Subject Committee forms, explain the experiment, 

and initiate students to the EPSS course itself. The two specific treatments are more fully 

described below. 

Treatment Level I: Procedures-Focused Instruction 
The Procedures-Focused Group followed an instructional strategy following a 

pre-built tutorial in the form of a printed learning book, Microsoft Access 2002: New 

Perspectives, by Adamski and Finnegan (Adamski & Finnegan, 2002). The tutorial book 

is a 400+-page 8.5 x 11 inch document printed in full color which focuses on the 

procedural steps that must be followed in order to create a relational database. The 

tutorial follows a case-based approach whereby the learner interacts with unfolding 

scenarios which are incrementally and sequentially developed through the material of the 

tutorial into a fully relational database system. At specific points during the instruction 

(primarily the start of each chapter in the tutorial), conceptual information is presented 

underlying – and forming the reason for – the procedural steps that are being undertaken 

in that particular section. This approach therefore focuses the learner’s attention on steps 

(i.e., the procedures) in creating a product, while attempting simultaneously to teach the 

conceptual basis underlying each step. Conceptual information is presented in a 

combined text and graphic format, with color illustrations supporting the textual material 

describing the presented concepts. The learner is afforded opportunity for self-assessment 

learning at specific intervals within the tutorial through use of fill-in-the-blank questions, 

scenario-based questions, and small assignments to be conducted via the software. 

 A typical class for the Procedures-Focused Group was conducted in the following 

manner. Students assembled into class at the appropriate time, and selected a computer at 
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which to work for the period. If the computer was not already “on” and ready for use, the 

student turned the equipment on and waited until the equipment was ready. Saved work 

from the previous session was loaded into the computer by floppy (or some other 

alternative disk format). Students immediately opened the tutorial book to the place 

where they had left off at the least class, and began the next section of instruction, using 

the computer to complete the exercises. When a student had a question, he or she would 

ask the instructor for assistance, at which point the instructor would come to the student, 

and answer the question either by verbal explanation, or by demonstration of the 

procedure on the computer. At the end of the class period, class members saved their 

work to the diskette (or some other format of removable storage) for use at the beginning 

of the next class period. 

Treatment Level 2: Concept-Based Instruction 
The Concept-Focused Group made use of the identical instructional content used 

by the Procedures-Focused Group, but in a re-ordered sequence that allowed students to 

focus on conceptual material first in the instructional sequence before learning 

procedures associated with these concepts. The altered instructional sequence was 

developed by an a-priori content analysis of the tutorial material, removing the 

procedural content, and combining the conceptual material into a single four-week 

instructional unit. The new instructional sequence for the Concept-Focused Group was 

therefore identical in conceptual content to that received at various points in the 

Procedures-First Group, but was presented first (and in it’s entirety) before moving on to 

procedural instruction.  
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A typical class for the Concept-Focused Group was conducted in the following 

manner. The instructor prepared the classroom ahead of time, sometimes with the help of 

early-arriving students, in order to start class on time. Instructor set-up included booting 

and connecting the instructor’s laptop to both power and the overhead projector, turning 

on the overhead projector, adjusting the focus and brightness of the projection, and, 

additionally, setting up student chairs and conference tables. Students arrived at class at 

the appropriate time, and took up seats at the conference table. The instructor presented 

the day’s conceptual material according to the treatment schedule (see Appendix A), with 

students taking notes and asking questions at any desired point. The instructor used a 

combination of the overhead projector and the white board in presenting conceptual 

material. Handouts depicting the presented material were also provided occasionally to 

assist students in the note-taking task, since much of the conceptual material, like in the 

Procedures-Focused tutorial book, was highly pictorial in nature. 

 

Dependent Measures 

 
There were three dependent variables for this study: student performance, student 

motivation, and concept usage in reasoning. These dependant variables are here described 

in terms of their associated dependent measures. 

Student Performance 
Student performance was measured in terms of the student’s ability to perform on 

post tests containing verbal information, basic conceptual knowledge, and near and far 

transfer measures. (For purposes of this study, “near transfer” is defined as the ability to 
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to solve a relational database problem that is highly similar to sample problems worked 

during instruction; “far transfer” is defined as the ability for students to solve relational 

database problems that utilize the same conceptual understanding as presented in class, 

but on problems that differ significantly from samples used during instruction.) The post 

test included two separate assessment instruments, the Concept Learning Assessment and 

the Prototype Assessment (see Appendices B and C). Near transfer problems were more 

closely related to the ability of students to remember procedures and implement those 

procedures in situations similar to those presented in class; far transfer problems were 

more closely associated with concept acquisition, generally aligned with Klausmeier’s 

Identity Level of concept attainment, the highest level, in that a requirement for solving 

the problem is the implementation of conceptual knowledge in new and novel situations. 

The Concept Learning Assessment instrument, a print-based test instrument 

developed for the study (see Appendix B), consisted of three distinct sections for 

purposes of collecting performance data: a verbal recall/basic understanding section 

consisting of a series of 19 multiple choice questions3  (assessing recall of information 

and basic conceptual understanding); a diagnostic section consisting of four problem 

solving scenarios of entity relation diagrams, each containing a single design error, as 

well as a query-building question (both assessing far transfer skills); and a design section, 

a scenario-based question similar in nature to scenarios presented in the tutorial book, 

                                                           
3 One question from the Concept Learning Assessment (question number 11) was dropped 
from scoring when it was decided that the question had a significant amount of 
ambiguity, and was not a reliable indicator of verbal information. 
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which asked learners to build a relational database from the supplied information 

(assessing near transfer skills).  

The Prototype Assessment Instrument (Appendix C) was a single-question 

assessment that contained screen shots of a rapid-prototype database application. The 

instrument depicted both the appearance of all data display screens (the interface), and 

also the navigation made possible from the prototype. The screens and the navigation 

flow were depicted on the printed test instrument, but were also available for interactive 

examination via two computers in the testing area with the rapid prototype installed.  

Students were asked to review the rapid prototype, and then work backwards from the 

application to build a relational database design that would support both the data and 

functional requirements of the prototype. The Prototype Assessment Instrument with its’ 

inherent “backwards” tasking requirement was therefore a test of far transfer skills as it 

required significant use of conceptual understanding to perform a task not practiced 

during instruction (i.e., developing a database that would support the requirements of the 

depicted database application). 

The Concept Learning Assessment and Prototype Assessment instruments were 

administered in a single session at the end of the four-week treatment period. Students 

were permitted approximately two hours to complete both assessments. Before the 

assessments were distributed, students were provided a handout showing them the 

instructions for accessing the on-line ARCS survey, which they were requested to take by 

Friday of that week. 
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Student Motivation 
Student motivation was measured in terms of the Keller ARCS Model of 

motivation. The ARCS Model measured student motivation via four specific constructs: 

attention, relevance, confidence, and satisfaction. The specific testing instrument used 

was the Keller Course Information Survey. The Keller CIS was calculated after collecting 

student data to have a Cronbach alpha of .82 The CIS instrument is a written 

questionnaire consisting of 34 closed-response questions. Students took the CIS at the 

end of the treatment period after completing the Concept Learning Assessment and 

Prototype Assessment instruments. The CIS was administered via a web interface 

specifically set up to collect such student data. Student responses were transmitted 

electronically, via the Internet, directly to the researcher, where responses were 

automatically integrated into a survey analysis software program. Students completed the 

survey within one week of the end of the treatment period. 

Concept Usage in Reasoning 
Concept usage in reasoning was measured via the use of verbal protocol analysis. 

Verbal protocols were recorded while each student was solving a representative far 

transfer problem. The participant was provided a written, prose-based relational database 

problem, and was asked to verbalize his or her thoughts during solution of the problem. 

Protocols were recorded on an electronic digital MiniDisc recorder, and were later 

transcribed from the recording to text format in a word processor. Protocols were 

collected during the week immediately after performance test measures are taken, and 

were done (with one exception) outside of normal classroom hours. The actual data 

gathering process took on average about 45 minutes per student, with the first 10 - 15 
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minutes concerned with instructions, and the last 15 - 30 minutes used for the actual 

verbalization itself. Each student was allotted a full hour to perform the exercise, so no 

student faced time constraints. One student’s protocol session was paused mid-stream 

when an unanticipated scheduling conflict became apparent. This student returned 

approximately one hour later to complete the protocol collection exercise. 

 

Instructional Materials 

 
The tutorial booklet Microsoft Access 2002: New Perspectives, by Adamski and 

Finnegan, was used as the basis for instructional content for both treatment groups 

(Adamski & Finnegan, 2002). The book is a 400+-page, 8.5 x 11 inch document printed 

in full color which focused on the procedural steps that must be followed in order to 

create a relational database. The Procedures-Focused Group used the tutorial book in 

unaltered format, proceeding through the booklet in the order in which it is written, with 

concepts presented at embedded points, primarily at the start of each book section. The 

second treatment group, the Concept-Focused Group, used the identical conceptual 

content, but reordered (via the a-priori content analysis) so as to present all conceptual 

instruction first in the instructional sequence, before procedural matters were addressed. 

At the end of the treatment period, all students from both treatment groups continued in 

the book with new material not the focus of this study. To further ensure that no student 

was disadvantaged from participation in the study, students at the end of the treatment 
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period were paired together for the rest of the semester, with each pair consisting of one 

student from the Procedures-Focused Group and one from the Concept-Focused Group. 

 

Procedures 

 
The study was implemented over a four week period commencing with the second 

week of the 2002 spring semester at Florida State University. On the first day of class, 

students read and signed a Human Subjects Committee form, followed by a brief survey 

which gathered information on each student’s background and experience with computer 

technology in general, and relational database design in specific. Students were then 

assigned to one of the two treatment groups prior to the start of treatment, based on the 

level of prior experience reported in the initial background survey (i.e., the two students 

with a higher level of experience were assigned to groups, followed by assignment of the 

two other students reporting a small amount of experience, followed by assignment of the 

remainder of students reporting no experience). During the treatment period, students 

attended only the class corresponding to their treatment group. The two classrooms used 

for the two treatment groups were located in different buildings, so the treatment and 

control students were unlikely to meet prior or after class to discuss the day’s 

instructional content. Each class met twice a week for 1.25 hours, with the treatment 

lasting seven sessions, making a total of 8.5 hours of instructional time for each of the 

two treatment groups during the course of the four-week treatment period. 



 

 50 

 During the course of treatment, each treatment group received identical 

instructional content as pertaining to conceptual material, but altered in terms of the 

sequence and placement of instruction. Participants in the Procedures-Focused Group 

worked through the existing tutorial book in the order prescribed by the book. 

Participants in the Concept-Focused Group received the same conceptual content, but 

altered in sequence so that conceptual material was delivered first, before moving into 

related procedural issues. During the course of instruction, both groups took intermittent 

self-assessments (the Procedures-Focused Group using the self-assessments within the 

book, and the Concept-Focused Group using similar assessments handed out in class by 

the instructor). In both groups, the instructor acted as both a provider of direct instruction 

and an assistant to answer student questions as the group moves through the instructional 

content (see Appendix A for a detailed outline of the instructional content covered in both 

of the treatment groups).  

At the end of the four week treatment period (consisting of seven class sessions; a 

planned eighth session was not needed as originally thought), dependent measures for 

student performance, student motivation, and student cognitive reasoning processes were 

collected via printed assessment instruments (performance), online survey (motivation), 

and verbal protocol (cognitive reasoning). At this time, students gathered in a single 

classroom (the classroom used during the treatment period by the Procedures-Focused 

Group), and were placed in seating positions appropriate for test-taking. Additional tables 

and seating were brought into the classroom to ensure each student had adequate space to 

work, and would not be disturbed by (or visible to) other students.  
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After proving brief instructions of the steps for completing the online motivation 

survey (to be also provided in written form at the end of the testing session), students 

were provided the Concept Learning Assessment instrument. Students were provided 

approximately two hours to take this and the Prototype Assessment instrument, which 

was provided to each student when the Concept Learning Assessment Instrument was 

completed and turned into the instructor. Students were allowed to use as much time as 

needed for each individual question, but were requested to attempt all problems, 

regardless of whether they can complete all questions, before the end of the allotted time 

period. Students recorded their answers for both performance assessments on paper. 

When each student completed the Prototype Assessment Instrument, the instrument was 

returned to the researcher, and the student was allowed to leave the testing session. 

 After submitting the Prototype Assessment instrument, students were provided a 

brief written handout which directed them to a web site containing the online Keller 

Course Interest Survey instrument, and asked to go online and complete the assessment 

before the end of the week (Friday, 5:00pm).  

Concurrently with the above procedure, students were asked to place their names 

on a printed schedule passed out for verbal protocol collection. The printed schedule was 

returned to the instructor at the end of the testing session. The testing schedule was 

designed so that each student would have one hour available for verbal protocol 

collection sometime in the coming week. At the end of the session, the researcher 

received the schedule sheet with all students scheduled for a specific meeting time for 

verbal protocol analysis. 
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Hypotheses and Rationale 

 
The main research question for the proposed study was what is the effectiveness of 

a concept-focused or a procedures-focused instructional approach on learner concept 

acquisition? This high-level research question was broken down into three more specific 

research questions, as follows: 

Research Question 1  
The study’s first research question was what is the effect of a concept-focused or a 

procedures-focused instructional approach on student achievement, as measured by post-

test measuring recall and problem solving? It was hypothesized that Concept-Focused 

Group participants would perform significantly better in terms of recall of information, 

basic conceptual understanding, and far transfer performance measures. It was 

hypothesized that learners in the Procedures-Focused Group will perform better in near 

transfer than learners in the Concept-Focused Group. The rationales for both of these two 

hypotheses are here presented in turn. 

The rationale for hypothesis one (i.e., that learners in the Concept-Focused Group 

would perform significantly better in terms of recall of information, basic conceptual 

understanding, and far transfer performance measures than learners in the Procedures-

Focused Group) is that the opportunity afforded Concept-Focused Group participants to 

build a schema-based mental model of the conceptual subject information early in the 

instructional sequence would provide these learners with ability to improve performance 

beyond learners in the Procedures-Focused Group. The development of mental models in 
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these learners was hypothesized to facilitate the building of further conceptual 

understandings and the use of abstraction, allowing learners to more fully acquire and 

remember conceptual material and apply it in problem solving situations. This approach 

was suggested as successful in a similar study by Hong and O’Neil (1992), with learners 

studying an introductory statistics class, and is supported by similar research studies 

conducted on the use of abstraction in teaching conceptual material (Bransford, Brown, & 

Cocking, 2000b). Beck et al’s work on organizing instruction for meaningful learning 

(Beck, McKeowen, & Gromoll, 1989), and the general findings of Schema Theory, which 

posits conceptual understanding on the existence of a learner’s mental model (Leahey & 

Harris, 1989; Lefrancois, 1994) also provide justification for this hypothesis. Because the 

Concept-Focused Group  learners had a mental model of the domain area taught directly 

to them early in the instructional sequence, these learners were hypothesized to be better 

equipped to both acquire and remember learned complex defined concepts than learners 

not working with a more refined mental model (Driscoll, 1994). The mental model was 

also believed to likely include a greater number and detail of both declarative and 

procedural knowledge associated with concepts, making Concept-Focused group learners 

more capable of successfully completing performance tasks than learners no so equipped. 

In addition, the Concept-Focused Group learners were believed to be better equipped to 

solve far transfer problems due to the more fully established mental model which allows 

them to apply abstract concepts in novel problem solving situations (Bransford et al., 

2000b).  
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 The rationale for hypothesis two (i.e., that learners in the Procedures-Focused 

Group would perform better in near transfer than learners in the Concept-Focused Group) 

is that the Procedures-Focused Group’s focus on a specific type of conceptual problem in 

the tutorial booklet (i.e., a case of an employer with job openings) over a greater time 

period than Concept-Focused Group learners would allow Procedures-Focused Group 

learners an advantage in solving highly similar types of problems. The near transfer 

design task given in the Concept Learning Assessment instrument (see Appendix B) was 

sufficiently aligned to the tutorial scenario that learners in the Procedures-Focused Group 

should have had little difficulty correctly performing this task, even if conceptual 

knowledge is not as deep or robust as is necessary for completion of a far transfer task. In 

addition, learners have been found to be able to correctly answer certain types of 

questions even when they are not able to explain the supporting conceptual principles 

(Hong et al., 1992), and the close alignment of this near transfer problem could 

conceivably permit “mimicking” of a solution without true understanding.  

 Research Question 2:  
The study’s second research question was what is the effect of a concept-focused 

or a procedures-focused instructional approach on learner motivation in terms of 

attention, confidence, relevance, and satisfaction (ARCS)? It was hypothesized that 

learners in the Concept-Focused Group would report significantly higher levels of 

motivation in terms of attention, confidence, relevance, and satisfaction than learners in 

the Procedures-Focused Group.  

The rationale for this hypothesis was that participants in the Concept-Focused 

group would evidence significantly greater values in all four levels of motivation due to 
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the effect of presenting conceptual material first before introducing detailed procedural 

information. Without development of this mental schema early in the instructional 

sequence, learners may tend to be unsure of the relevance of procedures within the 

greater framework of content, and may therefore also evidence lower levels of confidence 

in studying the content. Further, satisfaction may drop as well, as students may struggle 

to solve problems, understand the issues surrounding problems, and use trial-and-error 

strategies in an attempt to solve specific problems within the domain (Braley, 1963). It is 

also likely that these factors will combine to adversely affect attention, because if 

students lack clarity in their mental model, they will less successfully attend to 

instructional efforts. 

Research Question 3:  
What is the effect of a concept-focused or a procedures-focused instructional 

approach on concept usage in reasoning as measured by verbal reports (protocol 

analysis)?  It was hypothesized that learners in the Concept-Focused Group would 

exhibit less trial-and-error strategies while attempting to solve far transfer problems than 

learners in the Procedures-Focused Group. It was also hypothesized that Concept-

Focused Group learners would be able to more quickly solve far transfer problems than 

learners in the Procedures-Focused Group. Finally, it was hypothesized that Concept-

Focused Group learners would more directly apply appropriate problem solving strategies 

to given problems, allowing these participants to come to a problem solution in less 

number of steps than Procedures-Focused Group participants. 

The rationales for these hypotheses are as follows. Because learners in the 

Concept-Focused Group will have established a proper mental model early in the 
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instructional sequence, they will therefore be more equipped to handle problem solving 

and abstraction (Bransford et al., 2000b; Hong et al., 1992; Seel, 1995). The direct 

teaching of a mental to model to learners in the Concept-Focused Group implies that 

these learners should be advantaged in solving abstract problems such as the far transfer 

task assessed for this research question (D’Andrade´, cited in Driscoll, 1994). Learners in 

the Concept-Focused Group should be able therefore to more quickly understand the 

given problems, and be able to integrate the problems into their existing schema in order 

to solve the problems in the most efficient manner, which reduces both the time and the 

number of steps required to solve a given problem (Sweller, 1989). Because it has been 

shown the experts and novices employ different types of mental models when solving 

problems (Chase & Simon, 1973; Seel, 1995), it is hypothesized that, even though no 

member in either treatment group will be considered “expert,” the resultant mental 

models employed by these individuals will differ between groups, therefore affecting 

both the problem solving strategy and the required time and number of steps to solution. 

 

Validity Threats 

 
The study’s validity was potentially threatened by some issues. First, the small 

sample size of the study (N = 5 for group 1, N = 6 for group 2), although analyzed with 

the recommended statistical method (the Wilcoxon-Mann-Whitney Test), can be viewed 

as a threat to external validity. Also, the two treatments are taught by different 

instructors, one being the researcher himself, thereby posing a possible threat to internal 
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validity. Controls seeking to mitigate validity threats to the proposed study included 

ensuring equivalence of instructional content (by performing a careful a-priori content 

analysis of the Procedures-Focused Group tutorial book, and using this information as the 

basis for the Concept-Focused Group), providing for direct contact and feedback with 

instructors in both treatment groups (with opportunity for direct instruction whenever 

necessary in either group), the use of student worksheets (to ensure students in both 

groups focus attention on relevant concepts at the appropriate points in instruction), and 

the development of an objective scoring rubric for grading database design problems (to 

ensure objective scoring for all participants’ responses to database design problems; see 

Appendices G and F).    

 

Research Design 

 
 The study as implemented may be described as a quasi-experimental research 

design. The study made use of a manipulated, active independent variable (instructional 

strategy) that was implemented on two groups which were not randomly assigned 

(stratified assignment was used to distribute learners into the two groups based on their 

level of previous experience). This categorizes the study as a strong quasi-experimental 

type (Gliner & Morgan, 2000). This design may be depicted in standard notation as 

 

NR C1: O1 X O2 

NR C2: O1 ~X O2 
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where C1 and C2 refer to comparison (not control) groups 1 and 2, because the study is not 

a true experimental design. O1 refers to the pretest used prior to treatment to accomplish 

the stratified assignment of learners to groups based on existing experience levels. O2 

refers to post-test measurements, including performance, motivation, and cognitive 

reasoning. 

 

Data Analysis 

 
Student Performance 

Student performance scores were calculated in terms of statistical significance as 

determined by nonparametric statistical analysis. 

Statistical Significance. Due to the low N value for this study (N = 5 for group 1,  

N = 6 for group 2), the use of a parametric t-test is not recommended by most statistical 

authorities (Brewer, 1996). This study therefore analyzed quantitative student 

performance data using the Wilcoxon-Mann-Whitney Test. Developed independently by 

Mann, Whitney, and Wilcoxon, and now referred to as the “Wilcoxon-Mann-Whitney 

Test,” the test is the non-parametric equivalent of the parametric t-test (Siegel & N. John 

Castellan, 1988). The test is also one of the most powerful of all non-parametric tests, and 

is recommended for the following situations (Siegel & N. John Castellan, 1988): 

1. Two independent groups drawn from the same population 

2. At least ordinal data 

3. Small sample size 

4. No assumptions concerning normal distribution or variance of populations 
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The current proposed study meets all these criteria, and is therefore a good candidate for 

this test. 

 Because of the small sample size of the current study, an alpha level of 0.1 was 

proposed (i.e., the chance of reaching a false positive was 10%). Although non-

parametric tests do not use power (and therefore, do not assign a beta value), they do 

make use of relative power efficiency (Siegel & N. John Castellan, 1988). The Wilcoxon-

Mann-Whitney Test has a relative power efficiency that can approach 95% for moderate 

sized samples under certain conditions, including the meeting of assumptions required for 

the t-test (Brewer, 1996) 

 The steps that are followed in the Wilcoxon-Mann-Whitney Test procedure (Siegel 

& N. John Castellan, 1988) are as follows: 

1. Determine the size of each of the two treatment groups. The smaller group (“X”) 

size is m and the larger group (“Y”) size is n. 

2. Rank together the scores of both groups, assigning a “1” to the score that is 

smallest.  

3. Determine the value of Wx by summing the ranks in group X (the smaller of the 

two groups). 

4. Significance of Wx is determined as follows: the exact probability associated with 

a value as large or small as an observed Wx is looked up in the appropriate 

appendix.  

5. If the probability found in Step 4 of the observed value of Wx is less than or equal 

to alpha, reject the null hypothesis in favor of the alternative hypothesis. 
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After collecting all performance instruments, each paper was graded according to 

objective, criterion-aligned assessment procedures developed by the Instructor of Record 

and the researcher prior to the assessment date. An a-priori scoring rubric was created for 

grading the two design problems which were a part of the performance assessment 

measures. The Wilcoxon-Mann-Whitney Test procedure was conducted for each section 

of the assessments (covering basic conceptual understanding, error diagnosis, near 

transfer, and far transfer), as well as for the assessment as a whole. Results ands all 

pertinent statistical values are presented in tabular for in Chapter 4 (X, Y, Wx, Wy, M, and 

N). 

Student Motivation 
Scores on from the Keller Course Interest Survey were also analyzed using the 

Wilcoxon-Mann-Whitney Test non-parametric procedure. As in the case of the 

performance measures, the α level was set at 0.1.  Results were tabulated in a manner 

which shows all pertinent statistical information (X, Y, Wx, Wy, M, and N), and are found 

in Chapter 4. Statistics on each of the four individual motivation measures (attention, 

relevance, confidence, and satisfaction) were not individually analyzed; rather, the 

statistical measures were taken on the measurement of motivation as a whole, as 

measured by the Keller Course Interest Survey Instrument.    

Concept Usage in Reasoning 
Data on the use of concepts in student reasoning, initially collected as voice 

recordings of participant verbalizations, was first transcribed to text in order to perform 

data analysis. Next, the a priori task analysis of the performed assessment task, created 
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prior to implementation of the treatments, was compared with each of the individual text-

based protocols to determine conformity of student strategies with a preferred strategy. 

Paths, or steps, that a student followed while solving the problem were codified using a 

pre-built code table, where each operation (build a table, relate a table, build a primary 

key, set the cardinality, etc.) assigns an alphanumeric code to each step. This process 

resulted in a flowchart or codes which can be depicted via text or graph. This process 

allowed the researcher to determine what patterns, if any, were being followed by 

participants in each of the respective treatment groups. This process can also easily 

uncover logical errors, mistakes, and misunderstandings, which were quantified in terms 

of step number, type of error, etc. The number of steps was also calculated for each 

student, as well as time data (i.e., time required to solve the problem. Finally, additional 

qualitative review was conducted on the protocols to gain additional insight on student 

reasoning during problem solving.  
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CHAPTER 4 

 

RESULTS 

 

The dependent variables examined in this study were student performance, 

student motivation, and concept usage in reasoning. A student skills survey conducted 

prior to treatment (see Appendix H) was used to determine any previous experience 

students may have had in the subject domain. At the end of the treatment period, two post 

test assessment instruments, the Concept Learning Assessment and the Prototype 

Assessment (Appendices B and C), were used to measure student performance in terms of 

both near and far transfer measures. The Keller Course Interest Survey was used to 

collect student motivation measures. Finally, concept usage in reasoning was measured 

via verbal protocol analysis, specifically implementing protocol instructions via the Kirk 

and Ericsson (2000) recommended procedure while students worked on a far transfer 

problem. In addition, a comparison was made between performance measures and 

collected protocols to determine if any correlation between specific cognitive reasoning 

techniques and student performance was present. Finally, ten weeks after the end of the 

treatment period (at the end of the course semester), a questionnaire was used to collect 

additional anecdotal information on student feelings concerning the treatment (which had 

been conducted in the first five weeks of the course semester). 
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Preliminary Analysis 
 

 A preliminary analysis of the collected data was performed to ensure 

completeness of collected information and to assure that no deviations from the 

requirements of the statistical methods were present. Because the statistical method 

employed in this study, the Wilcoxon-Mann-Whitney Test, is non-parametric in nature, 

few of the assumptions required by parametric methods (such as normal distribution of 

the population) are required. The requirements for the Wilcoxon-Mann-Whitney Test 

(Siegel & N. John Castellan, 1988) were stated on page 57, above. 

The study used two independent groups drawn from the same population 

(requirement 1). Performance and motivation data collected, being scored on a scale, 

meets the minimum requirements of ordinal data (requirement 2). The sample size for the 

study, five participants in the Concept-Focused Group and six participants in the 

Procedures-Focused Group, can indeed be considered a small sample (requirement 3). 

Finally, as is the case of all non-parametric studies, no assumptions have been made 

concerning the distribution or variance of the population from which the samples were 

drawn or homogeneity of variance between groups. 

 Due to the use of rank ordering of data, the effect of outliers is also greatly 

diminished in a nonparametric study when compared to its parametric counterpart. In the 

Procedures-Focused Group, for example, one participant was seen to exhibit extremely 

high scores in relation to other group members. With parametric methods, such as a t-test, 

these “outlier” scores might strongly affect the results of statistical comparison; using the 

non-parametric equivalent (the Wilcoxon-Mann-Whitney Test), however, this student’s 



 

 64 

performance simply is placed in rank position amongst all other scores, thus greatly 

eliminating the effect of this student’s great variation from the mean (e.g., it makes no 

statistical difference with nonparametric ranking techniques if the top score is “99” or 

“86”: the statistically important fact is that it is the highest score, or rank “1”). 

 

Entry Skills Analysis 
 

 Prior to formal implementation of the two treatment strategies, students 

participating in the study were asked to complete a survey which gathered information on 

past experience with computers in general and relational database activities in specific. 

All learners reported sufficient experience as to be generally comfortable with computers 

and basic software packages, such as word processing programs. Data specific to 

relational database experience was used to place participants into groups that were 

roughly equivalent in terms of prior experience. Of the 11 participants, only two reported 

any significant experience with relational database design. These two participants were 

therefore placed individually into two different treatment groups. Next, two additional 

students reported some experience with ER (Entity Relationship) Diagrams; these 

students were also placed individually into two separate groups. The remaining students 

reported no experience with relational database design, and were therefore assigned to 

each of the two treatment groups without further considering the effect of past 

experience. Table 4.1, below, summarizes reported entry skills data. 
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Table 4.1: Reported Entry Skills Data Related to Relational Database Design 

Participant 1 2 3 4 5 6 7 8 9 10 11 

Country Korea 
Tur-
key 

US US 
Singa-
pore 

S. 
Korea 

Tur-
key 

US 
Aus-
tralia 

S. 
Korea 

China 

Flat-file - - - n/a - Excel - Works Works - - 

Relational Access - Access n/a - 
Dbase 

III 
- - Access - - 

Client-server - - - n/a - - - - - SQL - 

Years exp 
with db 

programs 
0 0 2  n/a 0 2 - 4 0 0 3/4 1/12 0 

Designed an 
ER diagram? 

N N Y  n/a N N N N N Y N 

Assigned 
Group 

PFG PFG PFG PFG PFG PFG CFG CFG CFG CFG CFG 

 

Note: “PFG” = Procedures-Focused Group, “CFG” = Concept-Focused Group. 

 
 

Effect on Student Performance 
 
 

The Wilcoxon-Mann-Whitney Test, a nonparametric statistical method, was 

conducted to determine whether significant differences existed between treatment groups 

(Concept-Focused Group and Procedures-Focused Group) in near transfer performance, 

far transfer performance, and combined (near and far transfer) performance measures. 

Two post test instruments, the Concept Learning Assessment and the Prototype 

Assessment, were used to collect data on near and far transfer. The Cronbach alpha 

reliability coefficient for the combined performance measures was found to be 0.73. 

Table 4.2 depicts how the specific categories of performance measures (recall/basic 

conceptual understanding, near transfer, and far transfer) were collected via means of the 

two assessment instruments.  
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Table 4.2: Assessment Instrument Performance Components  

Performance Type Instrument Questions Type 

Recall/basic conceptual 
understanding 

Concept Learning Assessment 1 - 19 
Multiple 
Choice 

Near Transfer Concept Learning Assessment 

Design 
Exercise 1 
(“DE1”) 

Scenario 

Far Transfer 
Concept Learning Assessment; 

Prototype Assessment 

Prototype 
Exercise (“PA 

1”) and 
questions A–E  

Diagnostic; 
Scenario 

 

Data analysis was conducted on each of the categories represented, plus a 

combined measure using all performance data as a single measure. Statistical significance 

findings are presented in Table 4.3, next page. Regarding research question 1 on the 

effect of the two instructional strategies on student achievement, the Wilcoxon-Mann-

Whitney U Test revealed a significant effect for overall performance (P [Wx >= 39] = 

.0628), and the hypothesis that Concept-Focused Group learners would perform better in 

far transfer performance was confirmed (P [Wx >= 41.0] = .0260). The hypotheses that 

Concept-Focused Group learners would perform better in recall/basic conceptual and 

near transfer performance understanding was not confirmed (P [Wx >= 37.5] = .1061 and 

P [Wx >= 34.5] = .2414, respectively).  Descriptive statistics across treatment groups for 

performance are presented in Appendix L for informational purposes4.  

                                                           
4 It is common in experimental and quasi-experimental designs to report effect size (ES) 
in addition to significance levels. However, the parametric nature of ES (i.e., its’ 
dependence on means and variances), make it difficult to defend in a non-parametric 
study, where variances and means are not used in the statistical analysis process. 
Therefore, ES is not reported in the study, although it is easily calculated. 



 

 67 

Table 4.3:  Rank Sum Comparisons for Performance Measures 

 

Performance 
Category 

Wx Wy α P[Wx >= observed Wx] Significant? 

Overall 
Performance 

39 27 0.10 0.0628 YES 

Far Transfer 41.0 25.0 0.10 
0.0260 

(interpolated) 
YES 

Recall/Basic 
Understanding 

37.5 28.5 0.10 
0.1061 

(interpolated) 
NO 

Near Transfer 34.5 31.5 0.10 
0.2414  

(interpolated) 
NO 

Note: Wx = Sum of X ranks, Wy = Sum of Y ranks.  

 

Effect on Learner Motivation 

 
 The Keller Course Interest Survey (CIS) was used to collect data on 

student motivation levels. The CIS is designed to measure student interest as a result of a 

specific course, rather than a generalized measure of student motivation (Keller & 

Subhiyah, 1993). The survey consists of 34 questions, each of which is responded to on a 

scale of 1 to 5 (and where nine of these are “reverse” items, to be scored as “5” = 1, “4” = 

2, and so on). The instrument assesses the four basic motivational components 

comprising the ARCS Model (Attention, Relevance, Confidence, and Satisfaction). For 

this study, motivational levels were investigated as a composite measure of all four 

components of the ARCS model; individual measures for A, R, C, and S were not 

calculated. Using the Cronbach alpha estimate of instrument reliability, the Keller CIS 

instrument was found to have an overall reliability coefficient of .8262. Regarding 

research question 2 on the effect of the two instructional strategies on student motivation, 
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the Wilcoxon-Mann-Whitney U Test revealed a significant effect for motivation (P[Wx > 

40.5]= .0336), confirming the hypothesis that Concept-Focused Group learners would 

report significantly higher levels of motivation. Statistical significance findings are 

presented in Table 4.4, below. Descriptive statistics across treatment groups motivation is 

presented in Appendix L for informational purposes only (means and standard deviations 

are not used in nonparametric statistical analysis techniques). 

 

Table 4.4:  Rank Sum Comparisons for Motivation Measures 

Wx Wy α P[Wx >= observed Wx] Significant? 

40.5 25.5 0.10 0.0336 YES 

Note: Wx = Sum of X ranks, Wy = Sum of Y ranks.  

 

 

Effect on Learner Use of Concepts in Reasoning 

 
 

Verbal protocols, implemented using the Ericsson and Kirk (2000) recommended 

procedure, were collected to determine if any differences in cognitive reasoning skills 

were revealed as a result of the two implemented treatments (Concept-Focused and 

Procedures-Focused) in terms of the time required to solve a problem and the number of 

steps taken to complete the problem solution (see Appendix E for the procedure and the 

specific problem scenario). This scenario-based problem was a far transfer problem of 

greater difficulty than similar problems in the two performance measurement 

instruments. In order to correctly design a response to the scenario, a student would need 
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to observe that two transaction tables are required in order to fully account for all data 

requirements demanded by the situation. A sample of a single student’s protocol 

transcription, including the researcher’s demarcation of individual steps, is found in 

Appendix K. Verbal protocols were collected individually for each student and were 

recorded via MiniDisc recorder on digital media. 

For purposes of counting the number of steps taken by each learner, a “step” was 

defined as any action listed in table 4.5, below.  

 

Table 4.5: Actions Counted as “Steps” in Verbal Protocol Exercise 

Action Code Description 

Create 
Table 

T 
A table is created, or the student’s attention is 
focused on what table(s) is/are appropriate. 

Create 
Field 

F 
A field is created, or the student’s attention is focused 

on what field(s) is/are appropriate. 

Create 
Relation 

R 
A relation is created, or the student’s attention is 
focused on what relations(s) is/are appropriate. 

Create 
Primary 

Key 
P 

A primary key is created, or the student’s attention is 
focused on what primary key(s) is/are appropriate. 

Create 
Foreign 

Key 
K 

A foreign key is created, or the student’s attention is 
focused on what foreign keys(s) is/are appropriate. 

Read D Reading or re-reading the scenario. 

Review 
Work 

W Reviewing or rechecking work. 

 

 

“Correctness” of learner responses was measured on a 7-point checklist, where the 

problem is rated as increasingly correct as the student achieves each point in the 
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checklist. A learner’s response is rated as “completely correct” only if the learner has 

successfully met all seven checklist points. The checklist is given in Table 4.6, below.  

 

 Table 4.6: Checklist for Assessing Verbal Protocol Problem Correctness 

Checklist 

Item 
Description 

1 Customer Table 

2 Prescriptions Table 

3 Correct Relationship between Customer and Prescription Tables 

4 Drug Table 

5 Correct Relationship between Prescription and Drug Tables 

6 Refill Table 

7 Correct Relationship between Prescription and Refill Tables 

 

In addition to counting steps and assessing the correctness of learner responses to the 

scenario problem, the strategies employed by users were also noted. The specific 

strategies observed were codified for reporting purposes, and are presented with their 

codification in Table 4.7. 

 

Table 4.7: Strategy Code Key 

Strategy 
Type 

Description 

1 Learner read scenario in its entirety before constructing diagram 

2 Learner listed data information in scratch area while reading, then later 
assembled data into diagram  

3 Learner built table in interactive fashion concurrent with reading 

4 Learner employed  a scenario to develop diagram 

5 Learner employed  a scenario to validate a diagram 

6 Learner checked or rechecked work 
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Time required to solve the verbal protocol problem was also recorded as part of the data 

collection procedure. Time was calculated via time stamps on the digital recording 

device. In addition, any additional qualitative descriptors made evident during protocol 

collection were collected as further evidence of the impact each treatment had on student 

cognitive reasoning.  

 Analysis of collected data revealed no distinct differences between cognitive 

reasoning employed by learners in either group in terms of number of steps (averages of 

25.6 steps for the Concept-Focused Group and 26.3 steps for the Procedures-Focused 

Group), and time required to solve the problem (averages of 18:25 for the Concept-

Focused Group and 18:5 for the Procedures-Focused Group). A slightly higher average 

score for correctness level was seen by members of the Concept-Focused Group as 

compared to the Procedures-Focused Group (average correctness scores of 4.4 and 3.3, 

respectively). Learners in the Concept-Focused Group were found to be more likely to 

check work than learners in the Procedures-Focused Group, but this strategy was 

commonly seen in both groups, and no clear differences were observed in employed 

strategies. Table 4.8, next page, presents data collected on these four aspects of cognitive 

reasoning measured for this study. Please see Appendix M for a detailed listing of the 

specific steps employed by each learner as captured by protocol analysis. 
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Table 4.8: Strategies, Number of Steps, Correctness, and Timing Data (by Learner) 

 Learner 
Strategies 

Employed 

Steps 

Taken

Correctness 
Level 

Time 

Concept-
Focused 
Group 

1 1, 6 21 5/7 23:31 

 2 3, 6 32 4/7 15:35 

 3 1, 6 26 3/7 18:44 

 4 2, 6 17 3/7 11:17 

 5 1 32 7/7 21:19 

averages   25.6 4.4/7 18:25 

Procedures-
Focused 
Group 

1 3 20 3/7 9:53 

 2 3, 4, 5 17 2/7 21:40 

 3 1, 6 13 2/7 9:30 

 4 2, 3 45 3/7 28:20 

 5 2, 6 32 4/7 15:54 

 6 2, 6 31 6/7 25:12 

averages   26.3 3.3/7 18:5 
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CHAPTER 5 

 

DISCUSSION 

 This chapter provides a summary of the results of the current study, an 

interpretation of these results, and a description of the study’s limitations. The 

implications for instructional design are then presented, as well as recommendations for 

future research, including recommended follow-on studies. 

Summary of Results 
This study was designed in an attempt to answer questions concerning the 

effectiveness of a concept-focused or a procedures-focused instructional approach on 

learner concept acquisition working in a complex technical domain. In attempting to 

answer this general research question, three more specific research questions were asked:  

1. What is the effect of a concept-focused or a procedures-focused instructional 

approach on student achievement, as measured by post-test measuring recall and 

problem solving? 

2. What is the effect of a concept-focused or a procedures-focused instructional 

approach on learner motivation in terms of attention, confidence, relevance, and 

satisfaction, as measured by the Keller Course Information Survey (ARCS)? 
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3. What is the effect of a concept-focused or a procedures-focused instructional 

approach on concept usage in reasoning, as measured by verbal reports?   

Data collected by the study revealed that for three out of five dependent measures the 

Concept-Focused Group significantly outperformed the Procedures-Focused Group.  

It was hypothesized that Concept-Focused Group participants would perform 

significantly better in terms of basic conceptual understanding/recall of information and 

far transfer performance measures. The hypothesis was supported in terms of far transfer 

performance, but not basic conceptual understanding/recall of information. Data gathered 

in the study revealed a positive significant difference for the Concept-Focused Group in 

terms of both far transfer performance (P[Wx >= 41.0] = .0260, α = .10) and overall 

performance (P[Wx >= 39] = .0628, α = .10), but no significant difference when basic 

conceptual understanding/recall of information was considered as a single measure  

(P[Wx >= 37.5] = .1061, α = .10).  

It was hypothesized that learners in the Procedures-Focused Group would perform 

better in near transfer than learners in the Concept-Focused Group. This hypothesis was 

not supported by the study’s findings. Data collected revealed no significant difference 

between the Concept-Focused Group and the Procedures-Focused Group in terms of near 

transfer (P [Wx >= 34.5] = .2414, α = .10).  

It was hypothesized that learners in the Concept-Focused Group would report 

significantly higher levels of motivation in terms of attention, confidence, relevance, and 

satisfaction than learners in the Procedures-Focused Group. Data collected from this 

study supported this hypothesis. Taken as a single measure (the combination of the Keller 
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ARCS motivational components Attention, Relevance, Confidence, and Satisfaction), 

students in the Concept-Focused Group reported significantly higher levels of motivation 

than learners in the Procedures-Focused Group (P[Wx >= 40.5] = 0.336, α = .10).  

It was hypothesized that learners in the Concept-Focused Group would exhibit 

fewer trial-and-error strategies while attempting to solve far transfer problems than 

learners in the Procedures-Focused Group. Data collected via codification of verbal 

protocol measures did not support this hypothesis. The study found that there were six 

distinct problem-solving strategies employed by learners, but that neither group exhibited 

fewer trial and error strategies. Further, neither group gave any indication of any trial-

and-error approach to any identifiable level. 

It was also hypothesized that Concept-Focused Group learners would be able to 

more quickly solve far transfer problems than learners in the Procedures-Focused Group. 

Timing data collected via verbal reporting revealed that the average time for members of 

each group to be virtually identical (mCFG = 1,104.8 sec. and mPFG = 1,085.2 sec.), 

revealing that the study did not support this hypothesis. 

Finally, it was hypothesized that Concept-Focused Group learners would more 

directly apply appropriate problem solving strategies to given problems, allowing these 

participants to come to a problem solution in less number of steps than Procedures-

Focused Group participants. Data collected via verbal protocol collection did not support 

this hypothesis. An enumeration of the steps performed by students in each group (see 

Appendix M) revealed that there was virtually no difference in the average number of 

steps students employed by group (mCFG = 25.6 steps and mPFG = 26.3 steps).  
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Interpretation of Results 

 
Overall Performance 
 As presented and discussed in Chapter 2, Schema Theory posits that it is a 

domain-specific mental model that permits students to meaningfully learn and to use that 

knowledge to solve problems (Bransford et al., 2000a ; Driscoll, 1994). Further, it has 

been argued by many educational psychologists and researchers that it is not simply that 

mental models should be passively developed within students as a by-product of 

instruction, but rather that such mental models can, and should, be taught directly to 

students (Gagné, 1985). This seems especially the case in domain areas where concepts 

to be learned are complicated, abstract, and highly coordinate with one another. In such 

cases, it is quite possible that, without the direct teaching of a mental model, students’ 

self-developed mental models may be inaccurate and unstable (Seel, 1994), leading to 

conceptual misunderstandings, and ineffectual at supporting future learning within the 

domain. Further, research that indicates such inaccurate mental models can, over time, 

become highly “fixed” in student’s minds, and therefore quite difficult to adjust or 

change (Seel, 1994), further complicating instructional efforts.  

In the specific case of relational database design, it is extremely important that the 

learner’s mental model be highly accurate, or application of the model in problem solving 

situations will yield results that simply will not work in real-life situations. For example, 

in comparing the two diagrams in Figure 5.1 and Figure 5.2, there is but one small 

deviation represented in the two models, yet that single deviation makes the model in 
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1:1

1:1

Figure 5.1 unworkable. If the figures can be used to represent the mental models present 

in two different learners, it is easy to see why proper modeling is essential. 

 

Figure 5.1: A Relational Database Model with a Single Error 
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Figure 5.2: A Relational Database Model with the Single Error Corrected 
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 In terms of overall student performance, the results of the study lend credence to 

the effectiveness of the direct teaching of a mental model when working in a complex 

domain area. In addition, another important finding of the study as regards to 

performance is that, for all performance measures, not only was performance greater for 

the Concept-Focused Group, but also the variance of Concept-Focused Group students 

was less than for students in the Procedures-Focused Group. For overall performance, the 

standard deviation of Concept-Focused Group student scores was 6.84, while the 

standard deviation for Procedures-Focused Group students was 21.91, a difference 

exceeding 300%. In performance measures for far transfer, a component where 

significance was also found, Concept-Focused Group student scores revealed a standard 

deviation of 8.32, while Procedures-Focused Group student scores revealed a standard 

deviation of 14.60, a difference approaching 200%. In the two performance components 

where statistical significance was not achieved, near transfer and recall/basic 

understanding, the difference in standard deviations between groups was quite large (3.56 

and 2.30 for the Concept-Focused Group and 5.60 and 5.93 for the Procedures-Focused 

Group, alternately). This wide disparity in standard deviation, and therefore, variance, 

can be in part explained by the presence of the learner in the Procedures-Focused Group 

with much previous experience (T6); however, since the group assignment procedure 

employed a stratified approach where the two students with the greatest experience were 

each assigned to a separate group, the variance can only partly be explained via this 

means. It seems likely, therefore, due the consistency of the observed variance 

characteristics between groups, that the primary cause of the more uniform performance 
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within the Concept-Focused Group is the treatment itself, i.e., the implementation of the 

mental modeling approach in the Concepts-Focused Group. This provides evidence, 

therefore, that the use of a mental model approach greatly reduced variance compared to 

the Procedures-Focused approach. 

Far Transfer Performance 
 Far transfer performance, arguably one of the most important of performance 

measures as it accounts for the learner’s ability to take knowledge acquired during 

instruction and apply it in new and novel situations (Klausmeier, 1985), was found to be 

significant for the study (P[Wx >= 41.0] = 0.260, α = .10). As stated above, variance with 

the Concept-Focused Group’s far transfer measures was also greatly less than the 

variance evidenced by the Procedures-Focused Group (sdCFG = 8.32 and sdPFG = 14.60).  

 The importance of the finding becomes even more apparent when the specific 

problems used to assess far transfer performance are considered. These problems were 

noteworthy in that they presented two types of “real-life” situations that required an 

accurate and complete understanding of the domain area for successfully completion. 

(The first type was a series of diagnostic questions [see Appendix B, questions A through 

E] that required the student to compare a faulty model on the assessment with a “true” 

model in their mind, and via comparison, identify the incorrect component in the 

diagram; the second type presented an existing EPSS [electronic performance support 

system] via a series of printed screen shots and required the student to work backwards 

from the diagrams to uncover the required relational database design that would support 

the EPSS.) In both of these problem types, the learner was required to perform tasks not 

specifically introduced during instruction and to possess a comprehensive understanding 
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of the domain area. Thus, these problems revealed important information as to learner’s 

development of an accurate and comprehensive mental model via the two treatments, and 

provided evidence that the Concept-Focused Group’s use of mental modeling strategy 

was highly efficacious in supporting far transfer outcomes. 

Near Transfer Performance 
 Near transfer performance was tested with a single problem (see Appendix B, 

problem DE1) which presented a prose-based scenario and asked learners to develop a 

relational database that met the scenario’s requirements. This problem was highly aligned 

with the type of problem provided in both groups during the instructional treatment 

period, and therefore qualifies as a near transfer measure. Because the length of the 

assessment would already keep learners busy throughout the allotted assessment period, 

only one near transfer question was asked.  

 A question appropriate for this performance component is that, with the presence 

of only a single question relating to this measure, would it be possible that additional near 

transfer questions would yield evidence of statistical significance? This question could be 

answered with a replication study employing a greater number of assessment items. The 

Wilcoxon-Mann-Whitney P value for this measure was 0.260, and with an alpha level 

already set to 0.1, this was the lowest performing performance measure of the group. 

However, the small sample size, the presence of a learner in the Procedures-Focused 

Group with extensive experience, and only a single question measuring the construct all 

speak to the need for a re-examination of near transfer performance in future studies. 

 In terms of the current study, this finding is in no way contradictory to the 

statistically significant findings for far transfer performance. It can be argued that both 
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treatments were able to successfully bring learners to a point where they were able to 

“duplicate” operations presented during instruction. Although it is has been mentioned 

previously that learners can duplicate such processes without true understanding (Hong et 

al., 1992), this is not necessarily the case. Certainly it is easier for a learner, regardless of 

specific treatment methodology, to reach a point whereby he or she can repeat 

performances demonstrated and practiced in class. These near transfer measures, then, 

might speak more to a “threshold” level of understanding which, while making it 

necessary for students to be proficient with new concepts, did not provide the 

comprehensive mental model necessary for them to successfully interact with far transfer 

problems (hence, the statistically significant findings for far transfer performance). For a 

further discussion of this, see the subsection How Desired Transfer Outcomes Should 

Affect the Design of Instruction in the Implications section, below. 

Finally, the implementation of the student concept worksheet in the Procedures-

Focused Group (for purposes of ensuring equivalency of content between treatment 

groups) may have played a role in improving achievement of learners in the Procedures-

Focused Group. The worksheet’s structure, which required learners to focus on each 

primary concept and then record a definition for each may have had a learning effect 

which might not have been present had the worksheet not been a requirement for 

learners, thus explaining the equivalency of performance levels in near transfer. 

Recall/Basic Understanding 
 Following the thinking in the previous section, we may also explain the non-

significant findings for recall/basic understanding (P[Wx >= 37.5] = .1061, α = .10) in 

similar terms. Based on the collected data, it appears that both treatments, Concept-
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Focused and Procedures-Focused, were able to adequately prepare students for 

successfully answering basic questions about the conceptual material, including concept 

names, basic functions, and general information content (for recall/basic understanding 

questions, see Appendix B, questions 1 – 19). This is an area, however, that often 

requires the least amount of cognitive processing on the part of students, as the sheer 

definition of a term is often all that is needed to answer a question. For example, question 

8, a question typical of this performance area, reads: 

A record is a collection of: 
A.  relationships that comprise a single table 
B.  fields that comprise a single entry into a field 
C.  fields that comprise a single entry into a table 
D.  tables that comprise a single entry into a field 

 

This question is easily answered, regardless of the presence or absence of a mental 

model, by rote knowledge of the definitions of the concepts field, record, and table.  

 This leads to the understanding that the performance measure for recall/basic 

understanding is the weakest measure for the presence of a highly refined mental model 

in learners. The finding that statistical significance was not achieved, therefore, is easy to 

understand, as the use of mental modeling would not likely play a major role in 

development of this learning outcome. Further, the fact that the means of the two groups 

were very close in value (mCFG = 31.20 and mPFG = 27.17, a difference of only 13 

percent) gives further credibility to the belief that mental modeling is not necessary for 

successfully answering questions of such low cognitive requirements.  

 This is not to say, however, that either recall/basic understanding or near transfer 

performance is not important. Following Gagné, Briggs, and Wager’s hierarchy of 
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learning outcomes (Gagné et al., 1992), as well as Klausmeier’s four levels of concept 

attainment (Klausmeier, 1992), the presence of verbal information is an essential base 

component for all higher-order thinking skills (e.g., we cannot determine what the nature 

and cardinality of a relationship between two tables if we do not understand the basic 

definitions of the concepts table and field). The data does seem to reveal, however, that 

both treatments were about equal in their effectiveness in preparing students for this type 

of learning outcome, and suggests that there might be times when it is appropriate to 

implement one or the other instructional strategy. For a further discussion, including 

some suggestions for how this finding might be implemented in the design of instruction, 

see How Desired Transfer Outcomes Should Affect the Design of Instruction in the 

Implications section, below. 

 In addition, comments found concerning the use of the student worksheet in the 

Procedures-Focused Group likely apply to recall/basic understanding performance, as 

well. In fact, the requirement to enter concept definitions is essentially a description of 

the recall/basic understanding learning outcome, and thus this worksheet may have 

played a role in the lack of significant findings in this performance category. 

Motivation 
  Along with overall performance and far transfer, motivation data collected 

for the study revealed statistical significance (P[Wx >= 40.5] = .0336, α = .10), providing 

evidence that the mental modeling implemented in the Concept-Focused Group 

significantly improved motivation levels in learners. 

 The argument of this study is that the development of a mental model in learners 

can contribute positively to learners’ motivation levels, and motivational data collected in 
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the study supported this claim. The development of an accurate mental model can lead to 

higher levels of student confidence, especially in far transfer situations where unfamiliar 

procedures and settings are encountered. Perhaps this confidence allows learners to focus 

more entirely on applying their conceptual understanding to novel problem situations 

without having to spend cognitive effort on repeatedly questioning their every step, or 

frequently changing their minds while attempting to solve problems. As the mental model 

has been demonstrated to significantly improve overall performance, satisfaction is also 

likely to improve. Because these two components represent 50% of the four ARCS 

motivational components, it is easy to see why motivational levels would be significantly 

impacted by a mental modeling-based treatment. 

 As will be discussed in the Implications section, below, because of the low 

number of subjects for the study, individual components of the ARCS model (attention, 

relevance, confidence, and satisfaction) were not calculated: motivation was calculated 

via the Keller CIS instrument as a single measure. Although it might be easy to surmise 

the effect of the mental modeling treatment on confidence and satisfaction, it may not be 

so clear the effect such a strategy might have on attention and relevance. It might be 

argued that the construction of a conceptual mental model might increase a learner’s 

sense of the subject’s relevance, and thereby increase attention levels, but this argument 

seems to be a bit speculative in nature, and requiring further research. See comments 

under Suggestions for Further Research, below, for additional comments along studies of 

this type. In all, however, the successful impact upon overall motivational levels by the 
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mental modeling treatment indicates the strategy’s usefulness, not only in performance 

outcomes, but in the important affective domain, as well. 

Cognitive Reasoning 
 Cognitive reasoning data collected for the study was not examined for statistical 

significance, but was examined in a qualitative fashion to determine if any indications of 

differing cognitive reasoning were present between the two studies. Specifically, the 

examination into cognitive reasoning centered on the number of specific steps taken by 

group members to solve a far transfer problem and the time required to execute those 

steps. In addition, the type of strategies employed by learners was studied and compared 

with performance by group to identify any particular strategies that were associated either 

with high or low performance.  

 In the case of this dependent measure, no consistent patterns of cognitive strategy, 

nor any real difference in the number of steps or time usage between groups was 

observed. There are a number of possible reasons for the lack of findings in this 

dependent measure, and these are described in the following sections. Before doing so, it 

is necessary to describe the problem given to learners for this measure, and review once 

more the collection and analysis of the protocols. 

 The problem given to learners for cognitive reasoning was a scenario-based 

database design problem not unlike the near transfer scenario problem given as part of the 

Concept Learning Assessment instrument. The critical difference, however, was that the 

problem given for the cognitive reasoning measure was of significantly greater difficulty, 

requiring a more detailed database design in order to fully capture the requirements of the 

scenario, and can therefore be considered a far transfer problem of greater difficulty. (The 
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scenario involved a local drugstore keeping track of incoming prescriptions, the 

medicines connected with a prescription, and the number of refills per each specific drug; 

this required the designer of the database to build a design that could hold an arbitrary 

number of prescription transactions per customer, each of which could contain an 

arbitrary number of drugs, and each of which again could have an arbitrary number of 

refills – refills beyond the allowed number were to be stopped by the store before being 

dispensed.)   

 Verbal protocols were recorded to capture the thought process as each learner 

attempted to work through this problem to completion. A listing of pre-defined “steps” 

(see Table 4.25) was created in order to make a count of steps taken for each learner. In 

addition, the pattern of steps (not just the count) was recorded (see Table 4.28) as a 

means to uncover the specific strategies employed by learners to solve the problem. Time 

data was also captured via digital recording device. This yielded some basic data for 

analysis: the time required to complete the problem, the number of steps taken, and the 

pattern of steps (i.e., the strategy) taken. 

 Although the primary goal of this exercise was to uncover cognitive reasoning, it 

was also deemed important to compare such data with how correctly each learner solved 

the problem. Due to the complexity of the problem, it was assumed that it would not be 

likely that many learners, if any at all, would get the problem completely correct. For this 

reason, a “level of correctness” scale was created (see Table 4.29). This seven-step scale 

allowed a consistent criterion for assessing performance on the problem. Each of the 

seven steps were marked as “present” in each protocol during review; the greater the 
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number of steps found “present” in a protocol, the higher the “level of correctness.”  This 

performance data could then be compared with the other cognitive reasoning data.  

As stated previously, both the number of steps, and the time required to complete 

the problem were virtually identical for both groups (1,104 sec. vs. 1085 sec., and 26.3 

steps vs. 25.6 steps, respectively). Analysis of the use of strategies employed revealed 

that, as a whole, members in the Procedures-Focused Group used all six types of problem 

solving strategies, whereas learners in the Concept-Focused Group tended to use two 

specific strategies (types 1 and 6; see Tables 4.7 and 4.8). In addition, learner 

performance on the problem, termed “level of correctness” according to the seven-item 

checklist criteria list presented in Table 4.6, revealed no clear relationship between 

strategies and performance. 

 In considering what factors may have played into these findings, there are a few 

points to factor into our analysis. First, the use of a single problem presents the same 

difficulty as with the near transfer performance measure: the small amount of data with 

no comparison or duplication with other similar problems may be insufficient to uncover 

cognitive reasoning patterns. In a more idealized situation, it would have been more 

advantageous to present learners with two or more problems, which would not only allow 

for a larger data set, but also permit comparison between problems and between learners 

to uncover potential patterns in reasoning. Second, the specific problem may not have 

possessed enough potential divergence to uncover differences between learners (if the 

problem is too constrained, meaning that only a few potential paths to solution can be 

reasonably attempted by moderately skilled learners, then opportunities for uncovering 
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novel, or divergent, strategies is greatly restricted). If this indeed is the case, then any 

replication study will need to careful consider what type of problem(s) might provide the 

greatest possible divergence, possibly even incorporating embedded “traps” that reveal 

faulty or incomplete reasoning. Third, and finally, the length of the treatment period, 

although sufficient to give evidence of the presence of mental model development in 

learners that improves performance, may not be of sufficient length to develop preferred 

strategies in learners when working with extremely difficult problems. If the treatment 

were to be extended over the period of an entire semester, there would likely be more 

opportunity to ask very complex questions with a large set of possible divergent paths 

that would not be overwhelming or intimidating to learners, but would still collect the 

data necessary to uncover cognitive reasoning patterns. See the additional comments 

under Suggestions for Future Research, below. 

  

Limitations 

 
The results of this study were intended to generalize to a population sharing the 

descriptive characteristics of the sample. Specifically, this study describes adult learners 

(graduate students in an Instructional Systems program) who are studying unfamiliar 

complex and technical conceptual material. The study is not necessarily intended to 

describe the learning characteristics of populations other than this population. As the 

majority of the study’s participants were international students (representing Australia, 
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China, Korea, and Turkey, plus the United States), generalization assumptions should be 

made with caution when considering populations dissimilar in nature to this sample. 

 Real-life constraints on the study also played a role in the study’s limitations. Two 

instructional delivery methods, not perfectly equivalent in all respects, were used, and 

therefore the potential for non-equivalence of content, as well as a possible “teacher 

effect,” were carefully considered before implementing the research. In addition, it was 

noted that learners in the Procedures-Focused Group might simply “skip” the embedded 

conceptual material, a result that would affect the study’s concept-related findings. In 

addition, both groups were facilitated by a live instructor, but the Concept-Focused 

Group utilized a greater percentage of instructor-led instruction than did the Procedures-

Focused Group. Therefore, a “teacher effect” could have a confounding effect on the 

dependent measures due to this variation in instructor-lead instructional time. 

These concerns were addressed by the research design via implementation of a 

number of control techniques. First, to ensure instructional content was identical across 

groups, an a-priori content analysis of the instructional material was performed prior to 

treatment design, and used as the basis for developing the instructional material for the 

Concept-Focused Group (i.e., the group using re-ordered materials in order to receive all 

conceptual content first in the instructional sequence), ensuring equivalency of content. 

Second, to ensure learners in the Procedures-Focused Group did not skip conceptual 

instruction within the tutorial, a student worksheet listing all concepts was developed for 

Procedures-Focused Group participants. Procedures-Focused Group participants were 

required to record the page number(s) of where each concept was taught, and to provide a 
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written description/explanation of the concept. These papers, filled out by each learner in 

the Procedures-Focused Group, was returned to the researcher at the end of the four-week 

treatment period and subsequently reviewed by the researcher. These worksheets 

provided indication that Procedures-Focused Group participants did indeed study all 

pertinent conceptual material.  

Finally, the possibility of a “teacher effect” resulting from the varying amount of 

instructor-lead instruction between the groups cannot be discounted, but was addressed 

via a number of routes. Because instructional content was held constant, and because 

instruction in the Concept-Focused Group was drawn directly from the book used by the 

Procedures-Focused Group, teacher effect was somewhat diminished via exact 

equivalence of content. Secondly, although there was a variation in the amount of 

teacher-lead instruction between the two groups, both groups had the benefit of at least 

some teacher-lead instruction, and individuals in both groups had full access to the 

instructor for the purpose of asking questions, clarifying concepts, and receiving 

feedback on work. Thus, at the critical point where a learner wished to speak directly to 

an instructor and discuss a problem or question, learners in both groups had equal access 

to such instructional techniques. Finally, it should be mentioned that because the focus of 

the proposed study was on the effectiveness of concept-focused and procedure-focused 

instruction on the acquisition of concepts, the instructional delivery method was of 

secondary concern (as compared with the focus of the instruction). The limitation of any 

“teacher effect” in the study is factored into the discussion of results, and any subsequent 

studies may be able to hold this mitigating variable more constant between treatments 
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(perhaps by using print-based materials in both treatment groups, of by having fully 

instructor-lead instruction in both groups).  

 

Instructional Implications 
 

The results and subsequent analysis of the current study in terms of performance, 

motivation, and cognitive reasoning leads to a number of instructional implications for 

the educational research and practitioner communities. These implications are presented 

below with a brief explanation. 

Use of Mental Models in Instruction 
 Based on the positive performance-related results of the current study, the first 

implication that may be seen is that mental modeling should be employed as a specific 

instructional strategy by the instructional designer and teacher when working in 

complex, technical domains. This implies that the designer of such instruction must either 

possess the correct mental model herself or have access to someone (i.e., a subject matter 

expert) who possesses the model so it can be incorporated into the design of instruction.  

For clarity’s sake, it is helpful to delineate what this implication is not. First, it is 

not the “teacher as expert” approach so commonly applied in non-ISD settings; it is rather 

the recommendation that instructional designers, when appropriate, correctly incorporate 

the presentation of mental models as a critical part of the instruction process. Nor does 

the implication mean simply the use of a subject matter expert during instructional 

design; simple communication of factual information, even when exactingly correct, does 

not necessarily (and actually, rarely) convey a mental model with all the model’s 

attendant interconnections and inherent ambiguities. Nor is it simply taking an expert and 
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asking that person to “teach the class.” All of these approaches fail in the critical aspect 

of purposefully implementing a mental model into the design of instruction. The current 

study provided evidence that this approach can assist learners in developing a mental 

model which can be used both to correctly solve problems and to also assist in future 

learning by additively incorporating new knowledge into the existing schema. 

 Further, it is likely that, as was the case in this study, such “mental model 

instruction” should be incorporated early in the instructional process, before learners 

begin to develop inaccurate mental models on their own (Seel, 1994). Common 

experience tells us that it is often easier to learn a new “thing” than to correct an 

inaccurate understanding. Therefore, it is most appropriate for the learning experience of 

learners that the mental model be presented early in the instructional sequence, and that 

model be subsequently used throughout the instructional sequence for incorporating 

additional knowledge (i.e., expanding and refining the mental model). Although not a 

subject of this study, it has been shown that the use of diagrams, pictures, and images can 

be extremely helpful in the correct communication of mental models during instruction 

(Hong et al., 1992), and certainly in the case of the present study’s domain, relational 

database design, diagrammatic representation was essential to communicate the model to 

learners. 

How Desired Transfer Outcomes Should Affect the Design of Instruction 
 The current study examined transfer in terms of near, far, and combined (i.e., 

near, far, and recall/ basic understanding) measures. The study provided evidence that the 

direct teaching of a mental model improved learner performance on all these transfer 

measures, and to a significant amount in terms of far transfer and overall performance. 
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Near transfer and recall/ basic understanding, however, when examined as lone measures, 

although improved via treatment, did not reach significance levels. The implication that 

may be drawn from this is that instructional designers should tailor the instructional 

process in complex concept instruction to the specific type of outcome desired, either 

basic knowledge or far transfer problem solving skills. If the goal of the instruction, for 

example, is simply to have learners understand basic facts, terms, and definitions about 

the domain without necessarily being able to perform complex problem solving tasks, 

then it is not necessary to teach an extensive mental model. However, if the goal is more 

aligned with Klausmeier’s fourth level of concept attainment (Klausmeier, 1992), the 

Formal Level, and if problem solving and solution implementation is a part of the desired 

learner outcomes, then the integration of mental modeling into the design of instruction is 

advisable. Although instructional design is based, in part, on examining learning 

outcomes before instruction is designed, the present study provides evidence and 

implications for when and when not to use mental modeling in instruction design when 

working with complex concepts. This implication agrees well with a wealth of literature 

from the instructional design community about tailoring instruction to specific learning 

outcomes and also with research conducted on the effect of using mental models in 

instruction to improve understanding.  

Motivation 
 The current study provided evidence that motivational levels were significantly 

higher in members of the Concept-Focused Group than members of the Procedures-

Focused Group. This finding brings us to the study’s third implication for instructional 

design: motivational levels may be improved by the incorporation into instruction of 
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mental modeling. The ability of a learner to possess a coherent “picture” of the problem 

area can easily be suggested as an aid to confidence, the third motivational component of 

the Keller ARCS model, because without such a view of “the big picture,” learners may 

become lost in a maze of conceptual ideas that seemingly do not fit together, causing 

confusion and uncertainty. The mental model, when correctly developed in the learner, 

can aid confidence by its’ utility in helping learners both successfully solving problem 

and effectively incorporate more advanced learning. Without this effect, learners may 

become increasingly confused and “lost” as new information is added to an unstable 

foundation in the mind of learners. With a correct mental model, however, as learners 

gain confidence in their ability to perform, they are more likely not only to understand 

their learning experience, but to be satisfied with their learning experience, thereby 

increasing another motivational component.  

 It seems likely, however, that motivational improvements can be maximized, not 

simply by the integration of mental modeling techniques, but by a purposeful use of 

motivational techniques that capitalize on the mental model. For example, even if a 

mental model is presented to learners, if the relevance of that model is not seen by 

learners, motivational levels may still remain low, in spite of any improvements in 

domain understanding. It seems logical, then, that motivational techniques already 

empirically demonstrated to improve learner motivation should be employed alongside 

the mental modeling techniques to achieve the greatest possible learner motivation levels. 

(See comments under Suggestions for Future Research, below, for some specific 

recommendations.) 



 

 95 

Use of Verbal Protocols in Studying Cognitive Reasoning 
 Although in the current study no strong differential effects on cognitive reasoning 

were found as a result of the two instructional treatments, verbal protocol analysis was 

useful in uncovering the specific strategies employed by learners in solving problems, the 

number of discrete mental steps that were taken as a result of these strategies during 

problem solving, and a number of additional qualitative indicators, including confidence 

levels, references to prior instruction, and the presence of changes in thinking occurring 

during problem solving. The current study, then, shows the usefulness of this 

methodology for uncovering and empirically analyzing cognitive processes at work in 

learners.  

The verbal reporting methodology has been used and recommended by a number 

of studies (Hong et al., 1992; Ericsson, 1996; Tennyson & Cocchiarella, 1986), yet is still 

underutilized as a tool for studying the effects of instruction on learning. Its’ results in the 

present study leads to the fourth implication from this study, which is that verbal protocol 

reporting should be used with greater frequency when analyzing the effects of 

instructional treatments on learners. If we wish not only to differentiate performance in 

learners but why and how such differences have occurred, the verbal protocol 

methodology is shown to be an excellent choice for the researcher. The methodology, as 

was demonstrated in this study, can uncover the presence of mental models, strategies, 

cognitive reasoning, and highly specialized techniques on the part of specific learners. 

This data can then be compared against any other dependent measures for further analysis 

and insight into learning phenomena. It is likely that increased use of this technique can 
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play a prominent role in increasing the community of educational researchers’ 

understanding of learning phenomena. 

 

Suggestions for Future Research 
 

The results of this study suggest a number of areas for future study. This section 

briefly presents some of these themes, and describes how such areas of research might be 

used to gather additional empirical data related to concept learning. 

The current study compared two instructional treatments, one with a direct focus 

on the development of a mental model and the other without such a focus. Results of the 

study demonstrated that mental modeling had a significant impact on both performance 

and motivation levels. With the use of mental modeling shown to be effective, therefore, 

it would be useful to turn our attention to the specific types of instructional strategies that 

may be most effective at developing such mental models in the minds of learners. Smith 

& Ragan (1999), for example, describe both inquiry and expository strategies as useful in 

concept-based instruction. Reigeluth’s Elaboration Theory (Ragan & Smith, 1996) 

proposes the use of a best-case example, or epitome, to be presented first in the 

instructional sequence, followed by elaboration of the example. It was also mentioned 

that research has shown that the use of illustrations combined with the early introduction 

of mental model presentation improves learners’ schema in the field of introductory 

hypothesis testing (Hong et al., 1992). Although it is difficult to conceive of relational 

database design modeling without the use of diagrams (in this case, the diagram 

essentially is the mental model, and therefore an irreducible part of the instruction), these 
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various suggested strategies could be compared, either singly or in combination, in an 

attempt to determine the effectiveness of these strategies in developing accurate and 

robust mental models. Perhaps specific types of mental modeling techniques are more 

useful depending on the type and nature of the mental model to be created, or perhaps the 

complexity of the desired model poses advantages for specific instructional techniques. 

Further research, then, into comparison of the results of specific mental modeling 

techniques would be a highly useful area to investigate.  

Gagné (1992) said that concepts are critical components in problem solving, 

placing problem solving at the top the Gagné, Briggs, & Wager’s description of the 

intellectual skills hierarchy. Gagné described concepts as the link between mere facts 

(i.e., verbal information) and problem solving (Gagné, 1992). Ross & Spalding (1994) 

also were mentioned as stating that concepts enabled problem solving via for functions: 

classification, inference, combination, and communication. The present study 

implemented a few problem solving-based questions in an attempt to gather learner 

performance data, but did not specifically focus on the development of problem solving 

skills as a specific learning outcome. It would be useful, therefore, to explore in a more 

detailed manner the linkage between problem solving skills and mental models. We have 

seen that mental modeling can improve learner performance, but specifically how do 

individual’s problem solving strategies become affected by mental modeling? To what 

extent are learners able to build beyond basic instruction and use their mental models to 

improvise problem solving techniques in novel problem situations? Is there a specific 

mental modeling technique that best prepares students for advanced problem solving? 
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Such studies would be useful not only to concept learning research, but also extend into 

the wealth of current research being conducted in problem solving. 

 Another area of recommended future research concerns how learner mental 

models develop over time. In the current study, the hypothesis that mental modeling 

would improve performance and motivation were supported by the study’s findings after 

a five-week treatment period. We have discussed that mental models are described as 

providing the storage and retrieval mechanism necessary to learn concepts (Driscoll, 

1994), and that in doing so, allow learners to conduct problem solving (Bransford et al., 

2000a). However, the mental model is never fully complete, and generally highly 

idiosyncratic in nature (Norman, 1983). The development of the mental model takes 

place over time, eventually reaching a point where the bulk of relevant declarative and 

procedural information a learner requires is subsumed in the model (Driscoll, 1994). 

This, then, suggests that future research into the development of mental models should be 

conducted over longer time periods, with intermittent assessments of the current state of 

the learner’s mental model at regular intervals. Such studies would provide further 

meaningful information on how learners interact with instruction over extended periods 

to arrive at highly refined schema. Further, since incorrectly instantiated mental models 

can become persistent and highly difficult to change (Seel, 1994), such studies would 

likely provide valuable insights into the specific points where learners “went wrong” in 

their model development, and just how such misunderstandings – resulting in an incorrect 

mental model – may have occurred. In addition, the idiosyncratic nature of learners’ 

mental models could be analyzed in such studies, comparing the differences and 
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similarities of learners’ mental models after exposure to a single instructional treatment.  

This could lead to further information as to techniques instructional designers could 

employ to arrive at optimal instructional interventions for concept learning. 
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TREATMENT SCHEDULES BY GROUP 
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Procedures-Focused Group Schedule (estimated) 

 

Session 1 (75 minutes) through Session 2 (75 minutes)  
 

Tutorial 1: Introduction to Microsoft Access 

Viewing and Working with a Table Containing Employer Data 

  
Introduction to Database Concepts  
Organizing Data  
Databases and Relationships 
Relational Database Management Systems 
Opening an Existing Database 
The Access and Database Windows  
Opening an Access Table  
Navigating an Access Datasheet  
Saving a Database  
Working with Queries  
Opening an Existing Query  
Creating, Sorting, and Navigating a Query  
Creating and Navigating a Form  
Creating, Previewing, and Navigating a Report          
Managing a Database  
Backing Up and Restoring a Database  
Compacting and Repairing a Database  
Compacting a Database Automatically  
Converting an Access 2000 Database  

 
 

Session 3 (75 minutes) through Session 4 (75 minutes) 

 
Tutorial 2: Creating and Maintaining a Database 

Creating the Northeast Database, and Creating, Modifying, and Updating the Position 

Table 

 
Guidelines for Designing Databases 
Guidelines for Setting Field Properties  
Naming Fields and Objects  
Assigning Field Data Types  
Setting Field Sizes  
Creating a New Database  
Creating a Table  
Defining Fields  
Specifying the Primary Key  
Saving the Table Structure  
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Adding Records to a Table  
Modifying the Structure of an Access Table  
Deleting a Field  
Moving a Field  
Changing Field Properties  
Obtaining Data from another Access Database  
Copying Records from another Access Database  
Importing a Table from another Access Database 
Updating a Database 
Deleting Records 
Changing Records 
 
 
Session 5 (75 minutes) through Session 6 (75 minutes)  

 
Tutorial 3: Querying a Database 

Retrieving Information about Employers and Their Positions 

 
Introduction to Queries  
Query Window  
Creating and Running a Query  
Updating Data Using a Query  
Defining Table Relationships  
One-to-Many Relationships  
Referential Integrity  
Defining a Relationship between Two Tables         
Creating a Multi-table Query  
Sorting Data in a Query  
Using a Toolbar Button to Sort Data         
Sorting Multiple Fields in Design View  
Filtering Data  
Defining Record Selection Criteria for Queries  
Specifying an Exact Match  
Changing a Datasheet's Appearance  
Using a Comparison Operator to Match a Range of Values  
Defining Multiple Selection Criteria for Queries  
The And Logical Operator  
Using Multiple Undo and Redo  
The Or Logical Operator  
Performing Calculations  
Creating a Calculated Field  
Using Aggregate Functions  
Using Record Group Calculations  
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Session 7 (75 minutes)   

 
Tutorial 4: Creating Forms and Reports 

Creating a Position Data Form, an Employer Positions Form, and an Employers and 

Positions Report 

 
Creating a Form Using the Form Wizard  
Changing a Form's AutoFormat  
Finding Data Using a Form  
Previewing and Printing Selected Form Records  
Maintaining Table Data Using a Form  
Checking the Spelling of Table Data Using a Form  
Creating a Form with a Main Form and a Subform  
Modifying a Form in Design View  
Creating a Report Using the Report Wizard  
Inserting a Picture in a Report  
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Concept-Focused Treatment Group Schedule 

 
Session 1 (75 minutes)  

Main Topics Concepts Events 

 
INTRODUCTION TO 

MAIN DB CONCEPTS, pt 
1 

 
1. Orientation 
2. What is a database? 
3. Need for databases 
4. Homogenous (flat) db  
5. How data stored in db 
6. Problems hdb design 
7. Invention of rdb 
8. Main differences 

between rdb and hdb 
9. What is an RDBMS, 

and how does 
Access, FMPro, 
dBase, etc. relate to 
rdb’s? 

10. Rubrics: creating 
tables 

 
 Database 
 Table 
 Data  
 Data types 
 Record 
 Field 
 Field value 
 Null value 
 Entity Integrity 
 Field Size 
 RDBMS 
 db program 

 

 
1. Instructor Presentation:  

Beginning rdb conceptual material is presented, 
using whiteboard and overhead projection of 
computer screen to illustrate points. 

 
2. Instructor Presentation:  

Instructor demonstrates the building of tables 
from a scenario using the whiteboard. Students 
are encouraged to duplicate the process using 
paper and pencil. 

 
3. In-class Activity: (15 minutes) 

Creation of rdb (tables only – no 
relations, keys, etc.) using pencil and 
paper from provided scenario 
(students keep their work for use in 
next class) 

 
Session 2 (75 minutes)  

Main Topics Concepts Events 

 
INTRODUCTION TO 

MAIN DB CONCEPTS, pt 
2 

1. Review of previous 
session content 

2. How do multiple tables 
exist in an RDBMS? 

3. How do we connect 
tables within a db? 

4. Issues surrounding 
relationships: PK, FK, 
cardinality 

5. What is referential 
integrity, and why is it 
important? 

6. What is normalization 
of data? 

7. How is normalization of 
data established? 

 
 Relation 
 Primary key 
 Foreign key 
 Composite 
Key 

 Primary table 
 Related table 
 Cardinality 
 Referential 
integrity 

 Normalization 
 
 

 
1. Instructor Presentation:  

Continuation of basic rdb concepts, using 
whiteboard and overhead projection of computer 
screen to illustrate points.  

 
2. Instructor Presentation:  

Relating of tables using last week’s scenario. 
 
3. Instructor Presentation:  

A second example of table relations is 
demonstrated using Access. 

 
4. In-class Activity: (15 minutes) 

students continue work with their activity from last 
week by adding relationships between the tables 
and specifying PK, FK, cardinality, and specifying 
rationales for each 
 

5. Take-home Assignment:  
Students are given a new scenario from which 
they must create the proper tables, fields, data 
types, etc, supply a few sample records, establish 
primary keys, foreign keys, and the relationships 
between tables. Due next class period.  
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Session 3 (75 minutes)  

Main Topics Concepts Events 

 
IN-CLASS ACTIVITIES 

WORKSHOP 
 

 
No new concepts 
this session 
 
 
 

 
1. Instructor Presentation:  

Briefly review of session 1-2 material. 
 
2. Instructor Presentation:  

Assignment from previous session discussed. A 
correct response to the assignment is given, which 
students compare with their own. Students ask 
questions as needed. 

 
3. In-class Activity: (15 minutes) 

Students are given a written scenario for which 
they must apply their understanding of rdb 
concepts to design on paper an rdb for each 
description. Students are provided 15 minutes to 
work the case, and work individually. 

 
4. Instructor Presentation:  

Correct design for activity provided. Variations are 
described/discussed. Students ask questions as 
necessary. 

 
5. In-class Activity: (15 minutes) 

Activity duplicated for a second case. 
 
6. Instructor Presentation: 

Instructor feedback for case two. 
 

 
Session 4 (75 minutes)  

Main Topics Concepts Events 

 
RETRIEVING SELECT 

RDB DATA, pt 1 
 
1. What is a query? 
2. What are the 

components of a 
query? 
a. Criteria 
b. Fields 
c. Operators 

3. Can queries be 
used to update 
tables? 

 
 Query 
 Selection criteria 
 Selected fields 
 Logical 
operators 

 Comparison 
operators 

 Query sorts 
 

 
1. Instructor Presentation:  

Queries and related concepts, using Access to 
illustrate main points. 

 
2. In-class Activity: (15 minutes) 

Students are given a printed data table and 
describe the results of provided sample queries, 
and then must write some queries based on 
written specifications. 

 
3. Take-home Assignment:  

Using the material from the assignments in week 1 
and a set of provided specifications, students write 
selected queries. 

 
4. Take-home Assignment:  

Students create an rdb in written format from a 
written scenario slightly more complex than the 
earlier assignment. On the diagram, students 
pictorially identify Table, field, record, PK, 
relationship, etc. A number of questions on the 
rationale for properly creating rdb’s are provided. 
Due Tues.. 
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Session 5 (75 minutes)  

Main Topics Concepts Events 

 
RETRIEVING SELECT 

RDB DATA, pt 2 
 
1. Multi-table queries 
2. Sorting queries 
3. Filters 
4. Using queries to 

perform 
calculations and 
calculated fields 

 

 
 Sorting 
 Aggregate 
functions 

 Multiple 
selection criteria 

 Filters 
 Calculated fields 

 

 
1. Instructor Presentation:  

Continuation of queries concepts, using 
whiteboard and overhead projection of computer 
screen to illustrate points.  

 
2. In-class Activity:  (20 minutes) 

Students are provided a query description by the 
instructor, and are asked to describe the results of 
the query (they write down on paper what they 
believe the result of the query will be). The 
instructor then runs the actual query on Access, 
and students compare their answers with the 
actual result. Repeat as time permits. 
 

3. Assignment:  
Students are provided a sheet with three 
specifications for which they must write the proper 
query. Due next class period. 
 

 
Session 6 (75 minutes)  

Main Topics Concepts Events 

 
IN-CLASS ACTIVITIES 

WORKSHOP 
 

 
No new concepts 
this session 
 
 
 

 
1. Instructor Presentation:  

Briefly review of sessions 4 and 5. 
 
2. Instructor Presentation:  

Assignment from previous session discussed. 
Correct response provided, which students 
compare with their own. Students ask questions 
as needed. 

 
3. In-class Activity: (15 minutes) 

Students are given a printed rdb design for which 
they must apply their understanding of queries to 
design on paper queries for each description.  

 
4. Instructor Presentation:  

Correct responses are provided and explained; 
students ask questions. 

 
5. In-class Activity: (15 minutes) 

Repeated as above for new scenario. 
 
6. Instructor Presentation:  

Repeated as above. 
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Session 7, Sep 17 (75 minutes) Tuesday 

Main Topics Concepts Events 

 
VIEWING DATA IN AN 

RDB 
 
1. Brief review of 

sessions 1 - 3 
2. What is a 

datasheet view? 
3. What is a form?  

a. Introduction to 
form wizard 

b. Changing 
form format 

c. Data selection 
via forms 

d. Data updating 
using forms 

e. Subforms and 
relationships 

4. What is a report? 
5. Using views and 

forms to modify 
data 

6. Sorting data in 
view 

7. Do reports modify 
the rdb? 

 
 Datasheet view 
 Form 
 Columnar form 
 Tabular form 
 Report 
 Sorting  
 Primary Sort 
Key 

 Secondary Sort 
Key 

 Subforms 
 

 
1. Instructor Presentation:  

Views, forms, and reports are presented. Each is 
displayed via overhead projection using Access. 

 
No activities this session. 
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APPENDIX B 

CONCEPT LEARNING ASSESSMENT INSTRUMENT 
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EME 6613 Name ______________________ 
Electronic Performance Support Systems  
Concept Learning Assessment  Date   ______________________ 
 
 
For each question, please mark the SINGLE BEST ANSWER from the provided list of 
choices. Please mark your answer by circling the appropriate letter. If a question has 
more than one answer, you will be asked to “check all that apply”. There are no trick 
questions, but you must read each question and set of answers carefully before making a 
selection. 
 
Good luck! 

 
1.  What is the PRIMARY advantage of Access over Word or Excel in building an EPSS?  

A. Greater formatting ability and printing out customizable documents 

B. The ability to store and retrieve large amounts of data 

C. The ability to find specific information 

D. Greater ease of use and reduced training requirements for novice users 

 

2.  The MOST important reason people use relational databases is because relational 
databases: 

A. Lower the cost of training of employees in large organizations 

B. Are extremely easy to learn, use, and maintain 

C. Efficiently store and categorize large amounts of data  

D. Are the only available option for storing data in large organizations 

 
3.  What is the relationship between a database and Microsoft Access?  

A. A database is an RDBMS (relational database management system), and Access is 
one example of a database 

B. Access is an RDBMS, and a database exists within an RDBMS 

C. Access is an RDBMS, an a database contains an RDBMS 

D. A database exists within Access, and does not use an RDBMS  

 

4. What are the benefits of a relational database design compared to a single table (i.e., 
a flat file) database design?  

(Check all that apply)  

____ Lower expense  

____ Greater ease of design  

____ Reduction of data redundancy 

____ Fewer training requirements for users  

____ Reduction of errors/inconsistent data  
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5.  A table is designed by specifying: 

A. Records which describe queries  

B. Data types which describe relationships 

C. Relationships which describe fields 

D. Fields that describe specific types of data 

 
6. What is a field?  

A. A description of how a record is laid out, including it’s size, attributes, and relations 

B. A description of the number of records that can be held in a table 

C. A place to store data in a record that specifies data type and size 

D. A group of records that are related by a common theme 

 

7.  What is a data type? 

A. A description of the kind of relationship between tables 

B. A restriction as to the kind of values that can be entered into a field 

C. A listing of the number of types of data in a table 

D. A restriction as to the kind of data that can be put into a relationship 

 
8.  A record is a collection of: 

A. Relationships that comprise a single table 

B. Fields that comprise a single entry into a field  

C. Fields that comprise a single entry into a table 

D. Tables that comprise a single entry into a field 

 
9.  What is true of the value of the unique identifier of a record?  

 (Check all that apply)  

____ It may be null 

____ It may be an arbitrary number, as long as it is unique 

____ It can be used to look up related records in other tables 

____  It cannot exist unless it has a related record in a child table 

 

10.  What is the single element that makes a specific record within a table unique? 

A. A foreign key 

B. A complimentary key 

C. A primary key 

D. An index 
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11. Relationships can be established in a relational database by:  

 (Check all that apply) 

____ Placing the foreign key of a table into another table and defining a relationship 
between them 

____ Placing the primary key of one table into another table and defining a relationship 
between them 

____ Defining a relationship between the foreign keys of two tables 

____ Defining a relationship between the primary key and the foreign key within a single 
table  

 
12. In what ways are the foreign and primary keys associated with a particular relation 

alike? 

 (Check all that apply) 

____ Both must be automatically assigned 

____ Both have the same field length 

____ Both have the same data type  

____ Both help enforce referential integrity 

 
 
13.  What types of relationships can exist between tables? 

A. Primary, secondary, and tertiary 

B. Simple and complex 

C. Single, repeating, and infinite 

D. One-to-one, and one-to-many 

 
14.  What operations can be done with a query? (Check all that apply) 

____ Sort records 

____ Generate data for forms, reports, and other queries 

____ Establish a new relationship in a database design 

____ Update data in a database 

____ Perform calculations 

 
15.  Can queries and reports update a database? 

A. Both a query and a report can update a database 

B. Neither a query nor a report can update a database 

C. A query cannot update a database, but a report can 

D. A query can update a database, but a report cannot 

 
16.  What is an Access “form?” 

A. A pre-built interface that establishes the look and feel of printed reports only 

B. An interface for changing the structure and attributes of a table’s specification 

C. An interface used to maintain, view, and print records 

D. A printed report that is designed to be passed out 

 



 

 112 

17.  What is the name for making sure that each non-null foreign key matches a primary 
key value for a given relation? 

A. Normalization 

B. Referential integrity 

C. 1st normal form 

D. Cardinality 

 

18.  What is the danger of deleting a record from a table with a primary key and a 
relationship to another table? 

A. The database can become non-normalized  

B. An existing query might return duplicate records 

C. Duplicate records can be created in the related table 

D. Orphaned records can be created in the related table  

 
19.  What does it mean to “normalize” a database design?  

A. To remove non-essential relationships and establish new keys 

B. To correct spelling errors in the stored data   

C. To identify and eliminate anomalies in the database  

D. To add relationships that make the tables more consistent 
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1:M

In each of the next four questions (“A” through “D”), a small database model is presented that 
contains a SINGLE design error that is commonly found in relational databases. For each question, 
please: 1. describe the error, and 2. describe how the error can be corrected. 

 

Design Scenario A: 
 

Persons  

K_LastName 

DateofBirth 

City 

Gender 

 
Description of design error:   

   

How this error may be corrected:   

   

 

 

 Design Scenario B: 
 

 

 
 
 

Persons 

PK_SSN 

LastName 

FirstName 

StreetAddress 

City 

State 

 
 
 

Orders 

PK_OrderNumber 

FK_Order_SSN 

OrderPartNo 

LastName 

FirstName 

StreetAddress 

City 

State 
 

 

Description of design error:   

   

How this error may be corrected:   

   

 

 

Note: For all questions, 
PK = Primary Key 
FK = Foreign Key
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1:1

1:1

 

Design Scenario C: 

 

Customers 

PK_CustomerNo 

LastName 

FirstName 

StreetAddress 

City 

State 

ZIP 

Phone 
 

 
 
 

Orders 

PK_OrderNumber 

Order_Date 

FK_Order_CustomerNo 

Order_PartNumber 

Order_Price 
 

Description of design error:   

   

How this error may be corrected:   

   

 

 
 

 Design Scenario D: 

Employees 

PK_EmployeeNo 

EmployeeName 

EmployeePhone 

FK_EmployeePosNo 

EmployeeLocation 

 
 
 

 

Position 

PK_PositionNo 

PostionDescription 

PositionPayRate 

FK_PositionLocation 
 

Description of design error:   

   

How this error may be corrected:   

   

 

 

1:M
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Question E: 

The following two tables are in a relational database with which you are working: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Client 

Client# ClientName Address City State Zip Phone 

320 Foster, Terence 881 Gough 
Street 

San 
Francisco 

CA 94102 415-430-
9242 

322 Stefanski, Cecile 1227 Pacific 
Highway 

Sausalito CA 94965 415-392-
4683 

323 Li, Laing 23 Fairbanks 
Drive 

San 
Francisco 

CA 94102 415-431-
1277 

327 Chiu, Tzay 147 Diamond 
Lane 

Berkeley CA 94701 510-256-
7645 

330 Bradbury, 
Eleanor 

9 Rogers 
Boulevard 

Oakland CA 94605 341-843-
1567 

331 Birnbaum, Steve 2042 Overlook 
Drive 

San 
Francisco 

CA 94101 628-430-
9951 

332 Quirk, Peter & 
Ellen 

18 Larkin Street San 
Francisco 

CA 94103 415-722-
0633 

335 Tang, Huy 67 School Street San 
Francisco 

CA 94101 628-431-
8920 

338 Basso, Bob & 
Tina 

133 Fieldstone 
Court 

San Mateo CA 94401 650-890-
3055 

341 Ivanov, Alex 581 Summer 
Street 

Berkeley CA 94704 510-256-
1218 

342 Santiago, Maria 3021 Evergreen 
Drive 

Pacifica CA 94044 650-487-
6975 

345 Noonan, Debbie 28 Harris Road San 
Francisco 

CA 94126 628-430-
0182 

346 Morrison, Erik 573 Main Street Oakland CA 94601 510-843-
1554 

349 Migliaro, 
Anthony 

820 Central 
Highway 

San 
Francisco 

CA 94107 628-431-
3111 
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Write a query that will return the following dataset: (you may use any written type of 
description describing the query) 
 
 
 
 

 

 

 

 

Query:    

   

 

 

Contract 

Contract# ContractDate ContractAmt Client#

2101 01/16/2003 $725.00 323

2103 01/25/2003 $500.00 345

2204 02/08/2003 $525.00 320

2205 02/11/2003 $650.00 322

2210 02/14/2003 $850.00 327

2217 02/18/2003 $400.00 338

2222 02/25/2003 $350.00 330

2300 03/03/2003 $500.00 332

2304 03/05/2003 $525.00 346

2307 03/11/2003 $600.00 323

2310 03/13/2003 $675.00 350

2321 03/18/2003 $700.00 349

2322 03/25/2003 $650.00 331

2402 04/02/2003 $725.00 342

2405 04/12/2003 $600.00 341

2406 04/14/2003 $800.00 335

2408 04/19/2003 $400.00 327

2412 04/22/2003 $550.00 332

2501 05/01/2003 $450.00 345

2611 06/03/2003 $575.00 320

Query1 

Client# ClientName Contract# ContractDate ContractAmt 

323 Li, Laing 2101 01/16/2003 $725.00 

327 Chiu, Tzay 2210 02/14/2003 $850.00 

349 Migliaro, Anthony 2321 03/18/2003 $700.00 

342 Santiago, Maria 2402 04/02/2003 $725.00 

335 Tang, Huy 2406 04/14/2003 $800.00 
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Design Exercise: 

Please read the following scenario, and design a proper relational database design that captures 
the requirements (found at the bottom of the page) with minimal redundancy, and containing the 
needed relationships. Place your design on the following page.  

 

Your design should include in clearly-marked form: 

 

a. All tables and table names 

b. All relations, primary keys, and foreign keys 

c. The cardinality of each relationship 

d. All field names, with a specified data type and size 

 

Please feel free to establish any necessary techniques for numbering employees, owners, etc. If 
you need extra paper, or wish to redraw your diagram, use the back of one of the sheets, and 
make a note that your final answer may be found on the back. 

 

 

Description 

You have been hired by the local veterinarian to design a database for her company, 

MyPets. MyPets employs a number of fulltime veterinarians, fulltime medical assistants, 

and part time administrative workers. Owners of pets are assigned a single veterinarian 

to care for their pet who treats the pet during one or more office visits over time. During 

office visits, the veterinarian records the illness/symptom, the diagnosis, and prescribes 

any number of medicines necessary to treat the pet.  

 

 

Requirements 

The owner of MyPets wishes to be able to: 

1. List all owners of pets with their addresses and contact information 

2. List all pets (including the pet’s age, sex, and breed), each pet’s owner, and the 
primary veterinarian assigned to each pet 

3. List all visits of either a particular pet or a particular owner (remember, an owner 
may have more than one pet), the owner’s name, the pet’s name, the reason for 
the visit, the prescribed treatment, the charge of the visit, and the veterinarian 
who treated the pet 

4. List all medicines prescribed, either to a specific pet on a specific visit, or all 
medicines ever prescribed to a particular pet over time, and the dates of each 
prescription 
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APPENDIX C 

PROTOTYPE ASSESSMENT INSTRUMENT 
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The last activity for the assessment today asks you to look at a rapid prototype of a 
proposed EPSS. Please use the following pages to view the screen of the rapid prototype, 
The Library Circulation Tool, to see how the tool works, what forms are used, and how 
the forms are linked together. If you would also like to briefly try the prototype, it is 
available on the in-class computer anytime you would like to view its behavior on screen. 
 
Analyze the functionality of this prototype, and please answer the following questions: 
 
 
 
1. What would the relational database schema required for this tool be? Draw a proposed 
schema, including tables, relations, primary and foreign keys, and other data fields. Use 
the back of this page if you need more space for your answers. 
 
 
 
2. When thinking about the job this EPSS is designed to perform, would there be any 
other functions that such a tool should be able to perform? What are they (if any)? 
 
 
3. Can the look and feel of this rapid prototype be simplified? How? 
 

 

Name   

Date   
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Check out books 

Check in books 

Find a book 

Find a patron 

Quit 

The main entry screen 

The main selection 
screen, with five 
functional options 

Library circulation tool

enter

Main menu

� Check out books

� Check in books

� Find a book

� Find a patron

� Quit
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Check in books

� Book ID

History

PatronID   –date out date due overdue -returned- fine - pd

5555

4444 9/1/02 9/15/02 0

Main menu

4123 9/15/02 9/29/02 0

9/13/02

7896 9/15/02 9/29/02 0

Check out books

� Patron ID

� Name  _Walt Wager_______________

bookID  –date out date due overdue -returned- fine

4444

5555 8/15/02 8/29/02 13 $6.50

bookID  –date out date due overdue -returned- fine - pd

Main menuCheck in books

7896 9/15/02 9/29/02 0

9/10/02

 

Screen displayed when 
“Check out books” is selected 
from the main menu. A 
patron ID is entered, and a 

search is performed. 

Links to the New 
Patron Page 
(pictured in 

following pages) 

Results of the search are 
displayed. The new book to 
be checked out can be added 
to the user, and then can 
either jump to check in books 
or a return to the main screen 

Main menu

� Check out books

� Check in books

� Find a book

� Find a patron

� Quit

Check out books

� Patron ID

� Name  ___________________

Find New Patron
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Find a book

� Book ID

� Title

� Author

Find

5555

Main menu

Books found

BookID             Author                      Title                      location

shelfMotivation for the AgesJohnson, George5555

Main menu

 

Main menu

� Check out books

� Check in books

� Find a book

� Find a patron

� Quit

 

Screen displayed when “Find 
a book” is selected from the 
main menu 

Results of book search are 

displayed 

Return to the main screen 



 

 123 

Check in books

� Book ID

History

PatronID   –date out date due overdue -returned- fine - pd

5555

4444 9/1/02 9/15/02 0

Main menu

4123 9/15/02 9/29/02 0

9/13/02

7896 9/15/02 9/29/02 0

 

Screen displayed when 
“Check in books” is selected 
from the main menu 

Return to the main menu 

Main menu

� Check out books

� Check in books

� Find a book

� Find a patron

� Quit
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Find a patron

� Patron ID

� Name

4444

Find

Main menu

Patrons found

� Patron ID - Name

Walter Wager

New Patron Main menuCheck out books

4444

Check in books

details select

 
Patron

� Patron ID

� Name

� Street/ Apt

� State              Zip

� Local phone:

� Home phone:

� Home address

� City                               State              Zip

4444

Walter Wager

4508 UCC, Mail code 2550

FL 32306

644 4452

997 8766

Rt 4 Box 4315

FL 32344

Main Menu

Monticello

 

Screen displayed when 
“Find a Patron” is selected 
from the main menu 

Enter a Patron ID, 

and click “Find” 

The results of the find 
are shown. Can either see 
more details on the 
Patron, or create a new 
patron if the search 
comes up negative. 

When completed, both 
New Patron and Patron 
Details returns the user 

to the main menu 

Main menu

� Check out books

� Check in books

� Find a book

� Find a patron

� Quit
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APPENDIX D 

KELLER COURSE INTEREST SURVEY INSTRUMENT 
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Keller Course Interest Survey 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

John M. Keller and Raja Subhiyah  
Florida State University 

307 Stone Building 
Tallahassee, Florida 32306-3030 

 
 
 
 
 
 
 

COPYRIGHTED MATERIAL 
 

Contact author for permission and scoring information before using. 
 
 

Copyright  1993, John M. Keller.  All rights reserved. 
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INSTRUCTIONS 
 
 
 
1. There are 34 statements in this questionnaire.  Please think about each statement in relation to the 

instructional materials you have just studied, and indicate how true it is.  Give the answer that truly 
applies to you, and not what you would like to be true, or what you think others want to hear. 

 
 
2. Think about each statement by itself and indicate how true it is.  Do not be influenced by your answers 

to other statements. 
 
 
3. Record your responses on the answer sheet that is provided, and follow any additional instructions that 

may be provided in regard to the answer sheet that is being used with this survey.  Thank you. 
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1 (or A) = Not true 
2 (or B) = Slightly true 

3 (or C) = Moderately true 
4 (or D) = Mostly true 
5 (or E) = Very true 

 

1. The instructor knows how to make us feel enthusiastic about the subject matter of this course. 
 
2. The things I am learning in this course will be useful to me. 
 
3. I feel confident that I will do well in this course. 
 
4. This class has very little in it that captures my attention. 
 
5. The instructor makes the subject matter of this course seem important. 
 
6. You have to be lucky to get good grades in this course. 
 
7. I have to work too hard to succeed in this course. 
 
8. I do NOT see how the content of this course relates to anything I already know. 
 
9. Whether or not I succeed in this course is up to me. 
 
10. The instructor creates suspense when building up to a point. 
 
11. The subject matter of this course is just too difficult for me. 
 
12. I feel that this course gives me a lot of satisfaction. 
 
13. In this class, I try to set and achieve high standards of excellence. 
 
14. I feel that the grades or other recognition I receive are fair compared to other students. 
 
15. The students in this class seem curious about the subject matter. 
 
16. I enjoy working for this course. 
 
17. It is difficult to predict what grade the instructor will give my assignments. 
 
18. I am pleased with the instructor's evaluations of my work compared to how well I think I 

have done. 
 
19. I feel satisfied with what I am getting from this course. 
 
20. The content of this course relates to my expectations and goals. 
 

Copyright 1993, John M. Keller.  All rights reserved. 
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1 (or A) = Not true 
2 (or B) = Slightly true 

3 (or C) = Moderately true 
4 (or D) = Mostly true 
5 (or E) = Very true 

 

21. The instructor does unusual or surprising things that are interesting. 
 
22. The students actively participate in this class. 
 
23. To accomplish my goals, it is important that I do well in this course. 
 
24. The instructor uses an interesting variety of teaching techniques. 
 
25. I do NOT think I will benefit much from this course. 
 
26. I often daydream while in this class. 
 
27. As I am taking this class, I believe that I can succeed if I try hard enough. 
 
28. The personal benefits of this course are clear to me. 
 
29. My curiosity is often stimulated by the questions asked or the problems given on the subject 

matter in this class. 
 
30. I find the challenge level in this course to be about right:  neither too easy not too hard. 
 
31. I feel rather disappointed with this course. 
 
32. I feel that I get enough recognition of my work in this course by means of grades, comments, 

or other feedback. 
 
33. The amount of work I have to do is appropriate for this type of course. 
 
34. I get enough feedback to know how well I am doing. 
 
 

Copyright 1993, John M. Keller.  All rights reserved. 
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APPENDIX E 

VERBAL PROTOCOL COLLECTION INSTRUMENT 
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Verbal Protocol Collection Exercise 
 

Electronic Performance Support Systems 
 

For research project 
Effect of Instructional Sequencing on Complex Concept Acquisition 

 
 

Conducted by Ray J. Amirault 
PhD student 

Florida State University 
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Concurrent Report Instructions 

Ericsson and Kirk, 2000 

 

 I will start by familiarizing you with the procedure for giving verbal reports.  We are interested in 

knowing your thoughts as you come up with the answers to the problems in this experiment.  In order to do 

this, I am going to ask you to think aloud as you work on the answers to some practice questions.  What I 

mean by think aloud is that I want you to say your thoughts out loud from the moment you finish hearing a 

practice question until you say the final answer.  I would like you to talk aloud as much as you comfortably 

can during that time.  Don't try to plan or explain what you say.  Just act as if you are alone and speaking to 

yourself.  Keep talking while you are coming up with the answer to each question.  If you are silent for a 

long time, I'll remind you to think aloud.  Do you understand what I would like you to do?  We will begin 

with a practice question.  First, listen to the question, then answer it as soon as you can.  Are you ready? 

 Please name five animals that live in the zoo. 

 Good.  Did you have any other thoughts as you came up with the answer to this question?  I want 

you to think those thoughts out loud as they occur to you.  Don't explain your thoughts to someone else!  

Just say what you are thinking--even if it doesn't always seem grammatical or you're afraid that it won't 

make sense!  Listen to the next question and try to think of the answer as soon as you can!  Are you ready? 

 What is the sixth letter after B? 

Thank you.  Chances are that the letter "H" didn't immediately occur to you after hearing the 

question. You probably had to go through several steps to find the answer.  Had you summarized your 

thinking during the last question rather than reporting the sequence of actual thoughts aloud, you might 

have said that you found the letter H by counting through the alphabet.  But, when people solve this 

problem out loud, they usually say a sequence of individual letters, such as B, then C, D, E, F, and G, 

before the answer H.  Because we are interested in knowing the thoughts you had as you answered the 

question, we wish to have the most accurate, detailed report of thoughts as possible, instead of a summary 

of those thoughts.  



 

 133 

One more point about reporting sequences of thoughts:   If I asked you “Which is the third letter 

following A," you might try to think of something and come up with D.  You might remember thinking of 

A and then D, but feel unsure of whether some thought occurred in between.  In that case, you'd only report 

A and D.  Only if you are confident of a thought should you report it.   Don't report unclear thoughts or 

thoughts you think that you should have while answering this kind of question--even if you didn't. 

Let's do another question.  Think aloud while you generate the answer.   Are you ready?  I'm going 

to show you a dot grid and ask you to tell me how many dots in the grid. 

(Experimenter--Present the 27-dot grid and ask "How many dots are there"?) 

Thank you.  Can you recall any other thoughts?  Any questions?  (Experimenter:   If the subject 

doesn't clearly verbalize their computational steps while making the report, show the grid again and as them 

to restate their think aloud report as an actual account of their thoughts while answering the question.)  

Thank you.  Here is the last/another practice problem before we begin the main experiment.  

(Experimenter:   At this point decide whether or not to use extra practice problems.  Ask for questions 

following the final practice problem.) Please remember to think aloud as you answer it. 

How many months begin with the letter J?  

Thank you.  We will now begin the main experiment/do another practice problem. 

EXTRA PRACTICE TRIALS 

1. Describe from the last time you had a meal at a fast-food restaurant! Describe all the steps involved in 

getting and consuming a meal until you leave the establishment? 

3. What is the fifth letter before M? 

4. Recall the name of ten restaurants in Tallahassee? 

Control conditions: 

 Now you know how to give verbal reports.  Verbal reports are an important source of data in 

psychological research, but because you are in a control condition, you will not be asked to report your 

thoughts during this experiment. We will now discuss the actual experiment. 
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Instructions for Database Problem Solving Verbalization Exercise 

 

Thank you for participating in this verbalization exercise in relational database problem solving. Your 

grade will not be affected by this exercise, and only the researcher, Ray J. Amirault, will know which 

students participated in this task. Your verbalizations will not be reported by name in any way. 

 

Your task is to verbalize your thoughts in solving this problem just as you did in the training exercise we 

just finished. Please read the following scenario carefully. As soon as you have completed reading, you 

should begin verbalizing immediately as you attempt to gain an understanding of the problem and then 

move on to determining a solution for it. As you verbalize, you should draw your answers on the paper 

provided by the researcher. Please ask the researcher if you have any questions before you begin. 

 

When you are ready, please let the researcher know, and turn to the next page and read the scenario. 
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Description 

Pharmacies (such as Walgreens, Eckerds, Osco, etc.) have very definite functions. 

Pharmacies dispense drugs only to those people who have been given a valid prescription 

note from a registered doctor. Pharmacies dispense drugs according to the prescription, 

which includes quantity, drug strength, whether a generic drug may be substituted, and 

the number of refills allowed. Once a patient has refilled the prescription as many times 

as prescribed, the pharmacy is not legally allowed to dispense the drug until another valid 

prescription is received. In addition, a pharmacy presents information to patients as to 

any potentially dangerous interactions that may occur with other drugs already prescribed 

to a patient. In addition, the cost of the drug to the patient is also recorded. (We are not 

including insurance issues in this scenario – simply drug prices sold directly to clients.) 

Pharmacies also are able to provide virtually any descriptive/price information about any 

drug to clients upon request, whether the drug is prescribed to them or not. 

 

Task 

Your task is to design a relational database for a pharmacy. Please use a blank sheet of 

paper to design your database. Remember to verbalize your thoughts as you work, 

without explaining individual steps – simply report your thoughts as they come to you 

while working.  

 

Good luck! 
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APPENDIX F 

DESIGN EXERCISE 1 SCORING RUBRIC 
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SCORING SHEET 

DESIGN EXERCISE 1 

 
 

  Student    Starting Points: 20 

    

□  
Missing Table 

Notes:   

- 4 

□  
Missing Relation 

Notes:  

- 4 

□  
Erroneous Relation 

Notes:  

- 2 

□  
Unneeded Relation 

Notes:  

- 1 

□  
Missing PK 

Notes:  

- 3 

□  
Hard coding, no multiple records allowed 

Notes:  

- 2 

□  
Specific Requirement Unmet 

Notes:  

- 2 

□  
Specific Requirement Partially Unmet 

Notes:  

- 1 

□  
Cardinality Error 

Notes:  

- 1 

  Total Points Lost: ____ 

  Final Score: ____ 
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APPENDIX G 

DESIGN EXERCISE 2 SCORING RUBRIC 
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SCORING SHEET 

PROTOTYPE DESIGN EXERCISE 

 
 

  Student    Starting Points: 20 

    

□  
Missing Table 

Notes:   

- 4 

□  
Missing Relation 

Notes:  

- 4 

□  
Erroneous Relation 

Notes:  

- 2 

□  
Unneeded Relation 

Notes:  

- 1 

□  
Missing PK 

Notes:  

- 3 

□  
Hard coding, no multiple records allowed 

Notes:  

- 2 

□  
Specific Requirement Unmet 

Notes:  

- 2 

□  
Specific Requirement Partially Unmet 

Notes:  

- 1 

□  
Cardinality Error 

Notes:  

- 1 

  Total Points Lost: ____ 

  Final Score: ____ 
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APPENDIX H 

SAMPLE ENTRY SKILLS SURVEY 
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EPSS SURVEY 

 

NAME: _________________________ 
 
 
 

1. What personal computer systems do you use (Macintosh, Windows, Unix), 
and for how long have you used them?   

 

2. If you have experience with a personal computer, what types of applications 
have you used? 

 Word Processing   

 Spreadsheets   

 E-mail   

 Web Browser (i.e., Internet Explorer or Netscape)   

 Drawing/diagramming (i.e., Corel Draw, Microsoft Visio, etc.)   

 Photo manipulation (i.e., Adobe Photoshop, Photoshop Pro, etc.)   

 Authoring programs (i.e., Authorware, Icon Author, etc.)   

 Webpage software (i.e., Dreamweaver, Flash, FrontPage)   

 

3. What types of database programs have you worked with (write in the names 
of the programs for all that apply): 

 Flat-file database programs (MS Works, Q&A, others)   

 Relational database programs (Fox Pro, Paradox, Dbase II, Filemaker Pro, Access)   

    

 Client-server database programs (e.g., Oracle, SQL, Cold Fusion)   

 Hypercard, Supercard, ToolBook   

 

4. If you have worked with relational database programs, how long have you 
worked with these types of applications? _______yrs. 

 

5. Have you ever designed a relational database or ER diagram?      YES     NO 

 

6. What programming languages do you know and use (if any) (e.g., BASIC, 
PASCAL, JAVA, C++, PERL)   
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APPENDIX I 

 

HUMAN SUBJECTS COMMITTEE APPROVAL 
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APPENDIX J 

PROCEDURES-FOCUSED GROUP CONCEPT WORKSHEET 
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Student Worksheet 
 

EME 6613 
EPSS Design and Development 

 
 
 
Instructions: 
 
The following list contains many of the important concepts covered in your tutorial 
book, Microsoft Access 2000: Introductory. Please briefly review this list and gain 
some familiarity with the terms so that you will recognize them during your work in 
the tutorial booklet. 
 
As you proceed through your tutorial book, please be alert to when each of these 
concepts are introduced, as well as how they are explained. When you come across 
each concept in your reading, please use the provided space to write the page 
number on which you found the concept mentioned and a brief explanation (in your 
own words) of the meaning of the concept. You may come across a concept in more 
than one place in your reading. If you do, please just add the additional page 
number and any additional understanding you have gained of the concept (if 
applicable). The concepts are ordered in a manner that only loosely matches the 
text: you will fill these in as they appear in the text, not necessarily in the order they 
are presented below. 
 
You do not need to make an exhaustive list of every single instance where 
each concept is mentioned. Rather, the goal is to have at least one page number 
and a brief explanation for each concept to whatever level of detail you feel is 
appropriate.  
 
Although it is very important you fill this worksheet out, this is NOT a 
graded assignment. Please return the completed worksheet into the researcher, 
Ray Amirault, at the end of the four-week study period. 
 
 
 
 
 
 

The concept list begins on the following page. If you need more room, you can use 
the back of the page, or attach an additional page (please staple). 
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CONCEPT 
Page 

No. (s) 
DEFINITION/EXPLANATION 

 

“Database” 

 

  

 

“Database 
Program” 

 

  

 

“RDBMS” 

 

  

 

“Data” 

 

  

 

“Data types” 

 

  

 

“Table” 

 

  

 

“Record” 

 

  

 

“Field” 

 

  

 

“Field value” 

 

  

 

“Field Size” 

 

  

 

“Null value” 

 

  

 

“Entity 
Integrity” 
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CONCEPT 
Page 

No. (s) 
DEFINITION/EXPLANATION 

 

“Relation” 

 

  

 

“Primary Key” 

 

  

 

“Foreign Key” 

 

  

 

“Composite 
Key” 

 

  

 

“Primary Table” 

 

  

 

“Related Table” 

 

  

 

“Cardinality” 

 

  

 

“Referential 
Integrity” 

 

  

 

“Normalization” 

 

  

 

“Entity 
Integrity” 
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CONCEPT 
Page 

No. (s) 
DEFINITION/EXPLANATION 

 

“Query” 

 

  

 

“Selection 
Criteria” 

 

  

 

“Selected 
Fields” 

 

  

 

“Logical 
Operators” 

 

  

 

“Comparison 
Operators” 

 

  

 

“Query 
Sorts” 

 

  

 

“Sorting”  

(via a query) 

 

  

 

“Aggregate 
Functions” 

 

  

 

“Multiple 
Selection 
Criteria” 

 

  

 

“Filters” 

 

  

 

“Calculated 
Fields” 
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CONCEPT 
Page 

No. (s) 
DEFINITION/EXPLANATION 

 

“Datasheet 
View” 

 

  

 

“Form” 

 

  

 

“Columnar 
Form” 

 

  

 

“Tabular 
Form” 

 

  

 

“Report” 

 

  

 

“Sorting”  

(in a 
report) 

 

  

 

“Primary 
Sort Key” 

 

  

 

“Secondary 
Sort Key” 

 

  

 

“Subforms” 
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APPENDIX K 

SAMPLE COLLECTED PROTOCOL WITH STEPS MARKED 
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Student: C2 

Time 18:44 (including section on queries) 
 
STEP 1 (Read) Pharmacies … STEP 2 (Create Fields) I’m getting a hint that there may 
be prescription drugs involved, so that may come up as an item I need to cover. 
Registered doctors. [long pause] [unintelligible] prescriptions. Information on drugs 
needs to be covered. Cost. STEP 3 (Create Tables) OK, so I’ve got a number of tables 
here. Ones a drugs … from what I can see at the moment, a drugs in stock table, and that 
relates to provide inormation descriptive price information about any drug upon request 
by clients. STEP 4 (Create Fields) I’d need the cost of the drug … the information about 
the drug as main parts of that table. STEP 5 (Create Table) I also need a patient table…. 
which would have prescription info section. STEP 6 (Create Fields) There’d also have 
to be a section on repeats. Maybe drugs already prescribed and that links to this 
potentially dangerous interactions. Cost to patient. As main information I’d need to 
include, but I would also need to include the usuals, address, contact number… And 
maybe, prescribing doctor. Just as a security check. STEP 7 (Create Table) Then, in 
terms of that prescribing doctor, I’d have a doctor’s registration … registration table. 
STEP 8 (Create Fields) Include the name, address, and all the specific detail, phone 
number, maybe doctor’s registration, so we can actually confirm that prescriptions are 
valid by looking not only at the prescribing doctor, STEP 9 (Create Relation) but then 
link it back to the Doctor’s registration table. STEP 10 (Create Table) Than we’d need 
the transaction table, which is the prescription table. Um, STEP 11 (Create Relation) 
and that would link the patient, prescribing doctor. Um… The drug prescribed, STEP 12 

(Create Relation) and that would link back to drugs in stock with the information about 
that particular drug. STEP 13 (Create Fields) And, instead of putting in repeats, I’d 
leave repeats in the patient table, no, I’d take repeats out of the patient table, and put it 
into the prescription table because that prescription info is already listed in the patient 
table. Sigh. So, after I’ve got a rough sketch of what I want to do, I look at, um, filling 
out the fields. So, the first table is patient table. Do you want me to list all this 
information [researcher: if possible] Ok. That’s fine. STEP 14 (Create PK) I have a 
PK_Patient_ID number, almost like a PK number in the table, I’ll give it an auto number, 
as it might cause problems in the future. Um, that could be 10 in size. STEP 15 (Create 

Fields) Patient first name text 25, patient last name text 25, address text I’ll make that 75, 
people have long addresses. Contact number after hours text 15, contact number business 
hours text 15, and I’ll have an emergency contact number, other than fax, mobile, and so 
on, and probably an e-mail address cause everything is on line these days. And the 
emergency contact number will be text 15, e-mail will be text 20. STEP 16 (Create FK) 
And then be looking at prescription, which would actually be FK, because it would link 
to the transaction table, um, prescription info which would link to the drug prescribed in 
the prescription table, and that would be a number, not necessarily an auto number, 
because of that problem we ran into in class with matching auto numbers, ah, referential 
integrity… make that 10. OK. STEP 17 (Create FK) I’d also have an FK link here to 
prescribing doctor, and that would be a number as well, cause I just need a number that I 
can get from the table when I look at forms and stuff. STEP 18 (Create PK) So then, 
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probably looking at Dr. registration, uh, PK Doctor ID#, STEP 19 (Create Fields) doctor 
first name, doctor last name, ah, practice address, contact numbers, business hours, and 
contact number after hours. And date of registration. And state of registration, for people 
with out of state prescription. Again, the PK ID# is an auto number, 10, doctors last name 
text 25, doctors first name text 25, doctor’s address text 75, contact number for hours text 
15, date of registration is date, time, into date, and state of registration can actually be a 
lookup table with the states listed, um, “1” for Florida, whatever, we could bring up… 
STEP 20 (Create PK) Then, looking at drugs in stock, so, I need a PK drug#, a drug ID 
# which again is an auto number 10, uh, drug title, say, other names that the drug may be 
actually called, and I’d have that as drug title text 50, because drug titles can have long 
names, um, and the other names would have as a memo, so we can … almost like a 
description. STEP 21 (Create Fields) Then I have drug information, so a blurb again, 
memo, about the drug, what it reacts with, how easy for the clerk to get in and have a 
look at. Cost of the drug, let me see, would be currency, and in dollars. Probably have in 
there … looking at the prescription table. STEP 22 (Create PK) PK Prescription ID, and 
STEP 23 (Create Relation) this would link back to the prescription information in the 
patient table. STEP 24 (Create Relation) PK Patient ID, sorry, FK patient ID, link back 
to the patient table. FK doctor ID and FK drug ID, STEP 25 (Review Work) so I’ve got 
links there [unintelligible] through three information tables. So, I’ve covered the 
prescribing doctor, I’ve covered the patient, I’ve covered the drug prescribed, in here I’d 
put repeat information, which could be actually, a number. The other stuff would all be 
… prescription ID would be an auto number, but the other stuff would just be numbers. 
Sorry, text. No, number. 10, 10, 10, 10, so, probably all 10. And I’d probably look at, if I 
was doing a form, having that as the main form, and having the other information come 
in as subforms, if I needed to. To click and add. STEP 26(Review Work again) Just in 
terms of … I’ve got a relationship to drugs in stock, a relationship to the doctor, I’ve got 
a relationship to the patient table. I wont relate doctor to patient, because that could run 
into too many records, and that information is already available. So, I’d just validating 
functions… I need to make sure they have in place a system of checking to make sure 
people don’t illegal gain prescriptions. So, in my prescriptions table I’ve got a 
prescription ID number, and a patient ID, and they have to come in with a valid 
prescription from a valid doctor, which I can check through my doctor registration. I’ve 
got repeat information so I can legally provide repeats.  I’ve got information in my drugs 
in stock table about interactions. Um. I haven’t included in the patient table previously, 
previous or current drugs taken. And that would link… that would make it link more 
sound. And it would be a memo, because there would be a number of them.  In the 
prescriptions table, that would also include a cost, a cost field, which will allow for the 
patient to know how much it will cost him, as opposed to the cost of us to the drug, which 
is in the drugs table. Sigh. And you can get into that last bit virtually any descriptive or 
price information through the drugs in stock table. OK. 
 
[Student goes on to discuss proposed queries, which is outside the defined task for this 
assignment] 
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Anything else I need to do? [researcher states he cannot answer this question, but asks if 
she feels she has adequately covered the scenario as she understands it] I think in rough 
working form, probably, probably, yes. I’d need to, um, actually get into the system, and 
put it into the system. I think in terms of a line diagram, I don’t think there is much more 
information … there might be a few other things in the tables as I put things in and re-
confirm items that I may include this in here and include this in there, but I think I’ve got 
the main links through that initial prescription table to doctor registration, to the patient 
table, and to drugs in stock. And I can cross-check those three to make sure that I, I’ve 
covered all those, those various points. Yep. 
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APPENDIX L 

MEANS AND STANDARD DEVIATIONS FOR DEPENDENT MEASURES 
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Dependent Measure Mean Standard Deviation 

 

 Overall Performance 

 CFG 96.60 6.84 

 PFG 70.67 21.91 

 

 Far Transfer 

 CFG 49.80 8.32 

 PFG 31.37 14.60 

 

 Recall/Basic Understanding 

 CFG 31.20 3.56 

 PFG 27.17 5.60 

 

 Near Transfer 

 CFG 15.40 2.30 

 PFG 12.00 5.93 

 

 Motivation 

 CFG 147.00 9.08 

 PFG 127.83 19.61 
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APPENDIX M 

SOLUTION STEPS BY STUDENT  
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 Procedures-Focused Group Students Concept-Focused Group Students 

STEP T1 T2 T3 T4 T5 T6 C1 C2 C3 C4 C5 

1 D D D D D D D D D D D 
2 F T F T F T F T F F D 
3 D T T D D F T D T T F 
4 T F T F F D T T F P T 
5 T T R D D F T D T T T 
6 P T F T F D F T F P F 
7 F P P F T F T F T T T 
8 T R F R T - F T F P F 
9 F F R K F P R F R W T 

10 T F R D D F F D T F R 
11 F P W F F T P F R K K 
12 T R F D T P P D R K R 
13 R P R T F F K T F R R 
14 K F  F D P K R P R F 
15 R R  K F F F D F T K 
16 P R  P T R R F K F P 
17 K W  D F P P D K W F 
18 P   F P K K P P  W 
19 P   P F T W F F  F 

20 P   F W F F T P  F 
21    R F R R F F  K 
22    D T K R K P  F 
23    X F P R R R  P 
24    P P R W R R  R 
25    K T R  F W  F 
26    D F P  W W  P 
27    F T K  T   K 
28    K F W  T   R 
29    R W D  F   R 

30    F R R  R   K 
31    D P W  K   R 
32    F P   W   F 
33    R R       
34    F R       
35    D R       
36    F        
37    D        
38    F        
39    R        

40    F        
41    R        
42    R        
43    D        
44    R        
45    R        

Note: See table 4.7 for a listing of codes used in this table.
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