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ABSTRACT 

Pathophysiology, the study of disease, is a foundational subject within the curriculum of 

professional nursing programs. Nursing students in a pathophysiology course in 2008 

reported difficulty discerning salient and essential information from textbook reading 

assignments. An educational intervention was developed to assist students in learning 

pathophysiology based on multiple theories from the constructivist paradigm. The 

purpose of the study was to investigate the effectiveness of the intervention by 

retrospective analyses of exam scores using identical exam items found in corresponding 

exams in 2008 and 2009. Independent two sample t-tests were used to compare the mean 

exam scores of students using the educational intervention and students using the existing 

instructional method.  The overall mean difference between 2008 and 2009 demonstrated 

that the scores of the students using the educational intervention exceeded the scores of 

students using the existing instructional method. The results of the study support 

constructivism as it relates to the education of nursing students.   
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Chapter One 

INTRODUCTION 

Nursing students in a university-based program demonstrated difficulty learning 

from textbook reading assignments of complex, scientific information applicable to their 

future profession. At a southwestern university, an intermediate-level pathophysiology 

course was taught by the researcher, while in the faculty role, during spring semesters 

spanning four consecutive years. During years one through three, the course was 

provided by continuing to implement the previously employed instructional method; the 

fourth year, the course was taught using an educational intervention as the instructional 

method.  In years leading up to the development of the educational intervention, 

problems with learning were identified and supported by subjective and objective 

evidence of students enrolled in the course. Subjective evidence consisted of students’ 

complaints referencing difficulty in understanding material contained in the course but, 

more specifically, within the pathophysiology textbook.  These negative comments were 

identified through faculty-student dialogues and course evaluations. Objective evidence 

of the problem consisted of low exam scores that threatened students’ course averages 

and, occasionally, resulted in course failures. In 2009, students in a pathophysiology 

course were introduced to an educational intervention based on principles of 

constructivism. Theories found within the domain of cognitive and social constructivism 

were used to develop an educational intervention. The study was undertaken to examine 

the effect of an educational intervention based in constructivistic principles designed to 
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improve nursing students’ acquisition and understanding of complex, scientific 

information found in an intermediate-level pathophysiology course. 

Chapter one explains the need to examine the effects of using an educational 

intervention developed from constructivistic theories to improve learning for students 

taking a pathophysiology course in a nursing curriculum.  The chapter includes sections 

describing need for the study, the theoretical framework for the study, the purpose, the 

significance, and definition of terms.   

Need for the Study 

Pathophysiology is a foundational subject within the curriculum of professional 

programs educating students of the health sciences. Pathophysiology bridges preclinical 

and clinical courses for students in the health sciences and requires in-depth study at an 

early stage in the curriculum (McCance, Huether, Brashears & Rote, 2010). The subject 

inherently incorporates a research component to further the understanding of disease 

processes while generating constant upheaval in the status quo of current knowledge.  

Research produces an emerging stream of discoveries to advance understandings within 

the health sciences but creates the problem of how students, faculty, and clinicians cope 

with an ever-expanding knowledge base of important, yet difficult to understand material 

in the field of pathophysiology (2010).   

Students of the health sciences reported difficulty discerning essential from non-

essential information within a pathophysiology textbook written for a multi-level 

audience.  Specifically, nursing students in a pathophysiology course reported difficulty 

discerning salient and essential information from textbook reading assignments.  
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Textbooks authors and editors acknowledge there is a massive amount of information to 

be learned on any given topic of pathophysiology; however, the depth and breadth of 

knowledge required to function effectively within a specific healthcare discipline varies 

(Corwin, 2008; McCance et al., 2010; McConnell, 2007; Porth & Matfin, 2009).  

To be clinically relevant and useful to health care students [nursing, medicine, 
pharmacy, allied health] and professionals, a textbook must be able to synthesize 
a vast amount of knowledge about a multitude of individual structures, functions, 
and dysfunctions into overarching concepts that can be applied to individual 
diseases. (Copstead & Banasik, 2010, p. ix) 
 

  Nursing students typically do not study pathophysiology at the same level of 

detail as medical students. The contributing authors for pathophysiology textbooks 

represent schools of medicine, nursing, biomedical sciences, and pharmacy.  Additional 

textbook contributors originate from basic science departments of colleges and 

universities in subject areas including anatomy, physiology, psychology, pathology, 

cellular biology, genetics, immunology and molecular microbiology (Copstead & 

Banasik, 2010; Corwin, 2008; McCance et al., 2010; McConnell, 2007; Porth & Matfin, 

2009). Nursing students and medical students may learn pathophysiology from the same 

textbooks, but nursing students are not expected to achieve the same depth and breadth of 

understanding.  Textbook authors and editors justifiably compile textbooks written to 

accommodate the highest-level learner (i.e. medical students) (McCance et al., 2010; 

2007).  Admission requirements for health sciences professional programs are among the 

highest in any field.  Health science classrooms are often filled with many of the brightest 

students available, and yet many report having difficulty grasping complete 

understandings of pathophysiology material within the textbook (McCance et al., 2010; 
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2007).  These findings support the innate need for alternative educational strategies, 

particularly for nursing students studying pathophysiology who are expected to learn 

disease processes from textbooks written for the highest-level of learner.    

Nursing students in the junior-level of a southwestern university were required to 

successfully complete an intermediate pathophysiology course.  The course was 

positioned in the curriculum during the third-semester of a six-semester program. By 

locating the course midway, the students had the remainder of the program to apply 

concepts of pathophysiology during didactic and clinical learning experiences.  During 

their one-semester (15-week) pathophysiology course, students were expected to learn 

voluminous amounts of complex and densely written textbook material.  In order to meet 

expected learning outcomes, students were required to learn a broad list of diseases 

organized according to body systems. The course was divided into three learning 

modules. Each learning module contained approximately 60 diseases based on three body 

systems as follows: (a) Learning Module 1 - cardiovascular, pulmonary, hematology, (b) 

Learning Module 2 - endocrine, renal, genitourinary, and (c) Learning Module 3 - 

gastrointestinal, musculoskeletal, and neurological. Students were expected to complete a 

textbook reading assignment for each disease listed in each module. In addition, students 

were expected to attend class weekly to complete a two-hour credit for the course. In the 

classroom, faculty used teacher-centered instructional methods, primarily podium 

lectures with PowerPoint presentations to present selected disease processes within each 

module.  At the conclusion of each learning module, a faculty member administered a 50-

question multiple-choice exam.  Students were expected to score 70% or better.  The 
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exam scores were used to measure student learning of the diseases contained within the 

learning module covered by the exam.  Additionally, a comprehensive final exam 

covering diseases outlined in a test blueprint was given at the end of the semester.  

Realizing nursing students will transition to careers requiring continued research 

of existing information (Benner et al., 2010) assists faculty in determining the best 

approach to develop a timely and well-designed educational intervention. An 

intermediate-level pathophysiology course for nursing students should support an 

independent approach to learning by encouraging students to research existing 

information using textbooks, lectures, and online resources. The expected learning 

outcomes of using this approach include new knowledge acquisition through the 

collection and analysis of current information. Educators may better assist students to 

more effectively and more efficiently study pathophysiology by considering alternative 

teaching methods reflecting the current demands for knowledge and the changing 

information needs of nurses (2010).  

Theoretical Framework  

Constructivism is a theoretical framework representing multiple perspectives of 

theorists from cognitive and social domains. Both domains attempt to describe how 

humans grow to construct and exchange ideas about the world and each other (Bruner, 

2006). Cognitive constructivism depicts learning as a process in which the learner 

understands new material in terms of developmental stages and learning styles. Social 

constructivism stresses the direct effect of social and cultural factors in knowledge 

construction. This study uses a broad range of theories housed within the cognitive and 
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social constructivism paradigms to develop an educational intervention aimed at 

improving students’ learning of pathophysiology as measured by exam scores. The 

educational intervention consists of a faculty-developed advanced organizer for nursing-

essential concepts to be used in a collaborative learning activity for students within a 

pathophysiology course.   

Cognitive constructivism. Bruner’s theory of instruction (1966) is influenced by 

the seminal work of developmental psychologist Jean Piaget, whose well-known theory 

of cognitive development depicts humans as passing through distinct stages of mental 

maturation, with certain mental constraints and capabilities marking each stage and 

signifying an increasing level of mental sophistication in complex knowledge 

constructions.  Bruner describes Piaget’s perspective on learning as follows: 

[The] mind…can be described by an organized group of logical operations that 
mediate between the world…and our knowledge of that world. Since the world 
cannot be known directly but only by the mediation of these logical operations, 
our knowledge then is a construction to be tested further against ongoing action in 
the world.  [The] mind’s logical operations, which have their start in the 
internalization of action, constitute a logical calculus whose scope and power 
grows through decentration from immediate action. Like any logical calculus, the 
operators…generate putatively contradiction-free constructions of the world that 
can be tested through their success in action, but also by their power to provide 
understanding.  For Piaget, knowledge of the world is made, not found. (2006, p. 
189) 
 
Bruner (1960) draws on Piaget’s constructivist approach when he states “the first 

object of any act of learning…is that it should serve us in the future…Learning should 

not only take us somewhere; it should allow us later to go further more easily” (p. 17).  

Bruner furthers the discussion by including learning as an active process of discovery. 

The act of discovery encourages students to generate information independently. The 
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learner will validate or evaluate existing information against resources and, in turn, 

receive additional new information capable of changing or reinforcing prior 

understanding; thus moving the learner toward a deeper understanding (1960; Bruner, 

1966). Constructivist teaching methods support a student-centered approach to 

discovering generalizations behind particular situations promoting a deeper 

understanding of concepts “in a way that is simultaneously exciting, correct, and 

rewardingly comprehensible” (1960, p. 22).  Cognitive or intellectual mastery is 

rewarding and serves as a motivator for learning.  “A curriculum should involve the 

mastery of skills that, in turn, leads to the mastery of still more powerful ones” (1966, p. 

34); hence, establishing an intrinsic motivation for learning.  The reward of deeper 

understanding is a robust lure of future learning efforts (1960, 1966).  

The best approach to teaching general principles is to approach specific examples 

and to make meaning of the personal experience created when new information is 

discovered (Bruner, 1960; Bruner, 1966). Bruner claims that learners construct new 

concepts or ideas upon the foundation of existing knowledge.  Students thus select and 

transform information, form hypotheses, and make decisions based on mental models 

which provide meaning and organization to learning experiences (1966).   

The role of the teacher is altered by constructivist teaching methods. With this 

approach to learning, the teaching role transitions from content expert who transfers 

knowledge to the student through traditionally passive forms of learning (e. g. classrooms 

lectures) into that of an instructional designer (Bruner, 1960).  The teacher’s focus shifts 

from the passive transfer of knowledge from teacher-to-student to the innovator of active 
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learning projects centered on problem-solving and principles of discovery learning. 

Although the teacher must continue to possess content mastery by maintaining subject-

specific expertise, the teacher must also provide effective communication skills (1960). 

In summary, Bruner describes the critical elements of cognitive constructivism pertinent 

to this discussion as: (a) learner inquiry and discovery and (b) learner motivation (Bruner, 

1966). Additional learning theories aligned with cognitive constructivism paradigm used 

in the development of an advanced organizer include: (a) information processing theory 

postulated by George Miller (1956), (b) cognitive load theory postulated by John Sweller 

(1988), and (c) subsumptive theory postulated by David Ausubel (1963).    

Social constructivism. Social constructivism describes a socially-oriented view 

of knowledge acquisition.  Vygotsky (1962) views learning as a process of 

contextualizing an experience with meaning grounded in culture and language.  Mental 

development consists of mastering higher-ordered, culturally-embodied symbolic 

structures which may incorporate or displace previous understandings.  Vygotsky 

references the way that mental life first expresses itself through interaction with others to 

show that thinking and learning depend on continued social interaction (1962). The result 

of interacting with others in the environment becomes internalized and enters the stream 

of thought where meanings generate exchanges which are products of a broader cultural 

system (1962).  Learners master “the habits and forms of cultural behavior, the cultural 

methods of reasoning” (Vygotsky, 1929, p. 415). Learning theories from the social 

constructivism paradigm used in the development of a collaborative learning activity 

include social development theory postulated by Vygotsky (1962) and cooperative 
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learning theory postulated by David Johnson and Roger Johnson (1979).  These theories 

serve as the foundation for using a collaborative learning activity to execute a Jigsaw 

instructional method.  

Purpose of the Study 

The purpose of the study is to (a) test the theory of constructivism in the context 

of an information-dense course in a health care profession and (b) actualize the challenge 

to redesign nursing education courses as advocated by Benner, Sutphen, Leonard and 

Day (2010) and Del Bueno (2005). Additionally, the outcome of the educational 

intervention’s application to this particular population of nursing students is of interest to 

nursing faculty in a southwestern university. Nursing education has been challenged to 

design instructional strategies that are integrated, contextual, and capable of promoting 

clinical reasoning (2010; 2005). Faculty in all healthcare professions are faced with the 

challenge of developing and evaluating learning strategies that promote knowledge 

acquisition, problem-solving, clinical reasoning skills, teamwork and communication 

skills (Benner et al., 2010; DeMarco, Hayward, & Lynch, 2002). Nursing faculty 

members rely on theories from the domain of education to develop pedagogical 

approaches designed to increase clinical reasoning, teamwork, and communication for 

future nurses (2010).  Murphy (2004) defines clinical reasoning as the practitioner’s 

ability to assess patient problems or needs and to analyze data to accurately identify and 

frame problems within the context of the individual’s environment.  Given such 

assessments, conceptualizations of pathophysiology will influence nursing decision-

making and provide an understanding or rationale for action taken.  Nursing faculty 
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recognize the importance of ensuring students develop a robust foundational 

understanding of pathophysiology in order to provide safe and effective nursing care 

(Benner et al., 2010; Copstead & Banasik, 2010; McCance, et al., 2010).  

Significance of the Study 

A primary responsibility of nursing faculty is construction and implementation of 

pedagogy aimed at developing an understanding of nursing concepts. The application of 

pathophysiology is an essential component of didactic and clinical learning 

environments.  Nursing faculty can benefit from knowing if an educational intervention 

applied to a pathophysiology course improves learning. The study will aid in determining 

whether an advanced organizer used with collaborating small groups will assist nursing 

students in understanding concepts of pathophysiology as measured by exam scores.   

Definition of Terms 

The term “pathophysiology” refers to the study of biologic and physical 

manifestations of disease as both correlate to underlying abnormalities and physiologic 

disturbances (Mosby’s, 2009).  Copstead and Banasik (2010) describe pathophysiology 

“as the science of disease including all the complex processes, mechanisms, theoretical 

models, underlying causes, risk factors, progressions, variation consequences and 

approaches to care” (p. ix). McCance, Huether, Brashears and Rote (2010) consider 

pathophysiology to be “the systematic study of functional changes in cells, tissues, and 

organs altered by disease or injury” (p. xxiii) . Porth and Matfin (2009) offer similar 

definitions and further contribute that pathophysiology deals with changes caused by 

disease on total body function and overall wellbeing.  
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The term “advanced organizer” describes an educational intervention that uses a 

structured format such as outlines, frameworks, and other organizational cues to 

transform existing knowledge so as to embed new information into long term memory.  

An advanced organizer is designed to guide learning by facilitating the process by which 

learners retrieve essential information from a larger body of knowledge. Furthermore, an 

advance organizer helps students to comprehend large amounts of meaningful material 

from verbal presentations and textbook reading assignments (Ausubel, 1963; Ausubel, 

1969). 

The term “collaborative learning” is the grouping of students for the purpose of 

achieving an academic goal (Gokhale, 1995). Collaborative learning involves the active 

exchange of ideas within small groups to promote critical thinking (1995) and is based on 

concepts of cooperative learning (Johnson, Johnson & Stanne, 2000).  
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Chapter Two 

LITERATURE REVIEW 

Chapter two provides an overview of the theories and pertinent research 

influential to the development of the educational intervention.  A discussion of 

information processing theory and cognitive load theory provide guidance for the 

development of a supportive learning platform used to improve memory and performance 

of learning tasks. Subsumptive theory provides the foundation for understanding the 

development and use of an advanced organizer. In addition, theories supporting 

collaborative learning include social development theory and cooperative learning theory.  

Based on concepts of cooperative learning, the Jigsaw instructional method is the 

collaborative component of the educational intervention. Lastly, a call for change in 

teaching pathophysiology is described. Chapter two does not address individual cognitive 

factors affecting the learner’s ability to acquire and apply knowledge (e. g. intrinsic 

motivation, natural curiosity, prior learning, beliefs, interests, habits of thinking).   

Theories Supporting Development of an Advanced Organizer 

Information Processing Theory. Information processing theory proposes the 

human mind operates as a system using logic and sequence to process information 

(Miller, 1956).  The mind receives and transforms information from the environment into 

knowledge units to be stored and retrieved by accessing long-term memory.  Knowledge 

is formed as the mind receives and processes information from the environment into 

working memory (also referred to as short-term memory).  Through an identifiable 

pathway, working memory will process and transfer only a fraction of the information 
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received to a permanent location in long-term memory (1956). Performing intellectual 

tasks associated with learning involves working memory while long-term memory can be 

described as permanent storage of information for future retrieval.  The path information 

takes from being external environmental input in working memory to being integrated 

into long-term memory requires a series of processes (1956).  The brain receives input 

from a continuous stream of sensory inputs from the external environment.  Sensory 

information is collected from the environment and assimilated into an impulse and/or 

image fused into a mental impression to be comprehended by the learner. Information 

processing occurs within working memory but a limitation exists in its’ capacity to hold 

information.  Miller (1956) postulates the working memory can hold only five to nine 

(seven plus or minus two) chunks of information at any given time.   

There is [a] clear and definite limit to the accuracy with which we can identify 
absolutely the magnitude of a unidimensional stimulus variable.  I would propose 
to call this limit the span of absolute judgment and I maintain that for 
unidimensional judgments this span is usually somewhere in the neighborhood of 
seven. (Miller, 1956, p. 348) 
 
Although the learner is bombarded by a continual stream of input from the 

external environment, only a small fraction of information is actually processed from 

working memory into long-term memory. However, the process of assimilating an 

impression within the working memory and transference to long-term memory can be 

augmented by increasing the number of dimensions from unidimensionality to 

multidimensionality and arranging a task in such a way that exposure to stimuli increases 

the amount of time spent within the working memory (Miller, 1956). Once information is 

integrated into long-term memory, it becomes knowledge and can reside in long-term 
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memory permanently.  In order for knowledge held in long-term memory to be used, it 

must leave long-term memory and return to working memory where it can be 

reconsidered and converted into outputs such as conscious thoughts and behaviors.  New 

knowledge stored in long-term memory is dependent upon individual learner attributes 

including prior learning, memory capacity, and attentional patterns which determine the 

relevance of information stored as knowledge in long-term memory (1956). 

Learners can increase the amount of sensory information eventually integrated 

into long-term memory by using specific techniques for processing information more 

efficiently and effectively (Ausubel, 1963; Ausubel, 1969).  Techniques teachers employ 

to increase external information conversion into long-term memory include instructional 

strategies focusing on improvement of information organization and understandability. 

Strategies used during instruction and independent learning can prime students’ existing 

knowledge so that information can move more rapidly into long-term memory. Examples 

of instructional strategies used to assist the transfer of information from working memory 

to long-term memory are outlines, summarizations, and organizers (1963, 1969).  

The concept of the brain as an information processing system is a foundational 

principle of cognitive load theory and instructional design (Miller, 1956; Sweller, 1988).  

Information processing theory portrays knowledge as being individually formed and 

individually possessed (Bruner, 1960, 1966, 2006; Miller, 1956).  Both information 

processing theory and cognitive load theory recognize knowledge housed in long-term 

memory as pivotal to learning and concept development.  Information processing theory 

focuses on the limited mental processes involved in transforming environmental 
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information into knowledge by moving information from working memory to long-term 

memory (Miller, 1956) while cognitive load theory concentrates on the mental activity 

imposed on working memory as information is processed into long-term memory to be 

stored as knowledge to the benefit or detriment of instructional design (Sweller, 1994).  

Cognitive Load Theory.  Cognitive load theory provides a framework for the 

dual study of cognitive processes and instructional design. In 2004, Paas, Renkl and 

Sweller postulated cognitive load theory can be used to describe how complex cognitive 

tasks requiring multiple information elements needing simultaneous processing for 

meaningful learning to be achieved tends to create learning conditions where feelings of 

being overwhelmed are commonplace. “Performance degrades at cognitive load extremes 

of either excessively low load (underload) or excessively high load (overload)…and 

under conditions of both underload and overload, learners may cease to learn” (Paas, et 

al., 2004, p. 1).  Instructional designs creating learning conditions with low processing 

demands may improve learning by increasing cognitive load, while learning conditions 

with an extremely high cognitive load will benefit from instructional designs aimed to 

reduce cognitive load to manageable levels (2004). Instructional design which controls 

for extremely high cognitive load is the focus of cognitive load theory (2004).  

Paas, Renkl, and Sweller (2003) describe cognitive load as existing in three types: 

(a) intrinsic cognitive load, (b) extraneous cognitive load, and (c) germane cognitive load.  

Intrinsic cognitive load is described as the inherent complexity of the subject matter 

based on the level of difficulty of the material to be learned.  A higher number of 

elements being handled simultaneously (high elemental interactivity) in the working 
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memory will result in a higher intrinsic cognitive load. The intrinsic cognitive load of 

material is most often constant, unchangeable and cannot be altered by instructional 

manipulations. Extraneous cognitive load refers to the load imposed on working memory 

by instructional designs unfavorable for learning. However, extraneous cognitive load is 

a variable of change which can be manipulated to increase the effectiveness and 

efficiency of learning. Heavy extraneous cognitive load bombards working memory and 

interferes with learning.  Extraneous cognitive load is important to consider when 

intrinsic cognitive load is high because the two forms of cognitive load have the effect of 

compounding ineffectual learning.  Instructional designs intended to reduce cognitive 

load are primarily effective when element interactivity is high but have little effect when 

elemental interactivity is low (2003).  Germane cognitive load refers to the effort of the 

instructional designer to develop instructional methods to enhance learning. Given the 

different types of cognitive load, it is important to understand that a germane cognitive 

load appropriate for a novice-level learner in a particular subject area may actually create 

extraneous cognitive load for an expert-level learner in the same subject area (Paas et al., 

2004). Instructional design has the capacity to decrease cognitive load in an effort to 

enhance learning. However, instructional design also has the capacity to increase 

cognitive load effectively hindering learning.  Instructional designers should strive to 

align learners’ level of previous understandings to the level of complexity of new 

material to be learned. If learning is to be achieved, the instructional designer must 

acknowledge that intrinsic, extraneous, and germane cognitive load are cumulative and 
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total cognitive load cannot exceed the working memory if learning is to occur (Burkes, 

2007; Paas et al., 2003; Sweller, 1994).  

Cognitive load theory explains learning in terms of an information processing 

system composed of long-term memory and working memory.  The theory suggests 

learning occurs more effectively and efficiently when learning conditions are aligned 

with the human cognitive architecture (Pass et al., 2004).  A key aspect of the theory is 

the relationship between long-term memory and working memory and how instructional 

materials interact with the cognitive system (Sweller, Van Merrienboer & Paas, 1998).  

Because cognitive load theory views the limitations of working memory to be the 

primary impediment to efficient and effective learning, reducing total cognitive load 

should be a consideration when designing an instructional method. The theory illuminates 

the interactions between instructional design and information and cognitive structures 

(Burkes, 2007; 1998).  

Short-term memory is limited in the number of elements (units of information) it 

can simultaneously process (Miller, 1956).  The purpose of working memory is to 

transfer, process, and store elements in long-term memory. Considering the limitations of 

working memory to retain elements, it is crucial for elements to be shifted from working 

memory to long-term memory if learning is to be accomplished. Since working memory 

is limited, once capacity is reached, no additional learning occurs (Sweller et al., 1998). 

Alone, working memory can only permit relatively trivial human cognitive activities. By 

transferring elements to long-term memory, the mind has the capacity to vastly expand 

processing abilities (Paas et al., 2003). Learning involves actively engaging working 
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memory so new information is transferred, processed, and stored in the infinite capacity 

of long-term memory.  Once a unit of information is established in long-term memory, it 

may be retrieved by working memory for manipulation before being returned to long-

term memory. Sweller’s theory takes into consideration Miller’s work by treating 

schemas (combinations of learning elements) as the cognitive structure making up an 

individual’s knowledge base (Miller,1956; Sweller et al.,1998).  Schemas can be brought 

from long-term memory into working memory to interact with other elements and then 

returned to long-term memory altered or unchanged.  Learning requires an alteration in 

schematic structures in long-tem memory. As the learner becomes increasingly familiar 

with material, the cognitive characteristics associated with the material are altered so that 

they can be handled more efficiently by the working memory and, with increasing 

effectiveness, expressed as output that progresses from slow and difficult to smooth and 

effortless (Paas et al., 2004).  As the retrieval of information from long-term memory 

becomes increasingly automatic, performance is improved and cognitive schemas are 

expanded.    

Although the learning material to be processed (learned) varies, the extent to 

which relevant elements interact is a critical feature.  Learning materials differ in levels 

of element interactivity affecting cognitive load (Paas et al., 2003). Information to be 

learned varies on a continuum from low to high element interactivity. Low element 

interactivity information consists of material that can be understood and learned 

individually without consideration or reference to other elements.  Only simple learning 

tasks meet the criteria of low element interactivity. The higher the element interactivity, 
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the more difficult the material is to understand resulting in higher cognitive load. 

Learning material of high element interactivity is material that can be learned 

individually but cannot be understood until all elements and their interactions are 

processed simultaneously. More difficult learning tasks, as reported to be the case with 

pathophysiology, meet the criteria of high cognitive load resulting from high element 

interactivity. The demand on working memory capacity is determined by the material’s 

level of element interactivity (low to high), which produces cognitive load. 

Understanding the premise of limited working memory, the demand on working memory 

capacity is understandably high (in the case of high element activity); hence, the problem 

of effective and efficient learning of complicated, difficult-to-understand material 

(Miller, 1956; Paas et al., 2004; Paas et al., 2003; Sweller et al., 1998).   

By simultaneously considering the structure of learning material and the cognitive 

architecture of the human mind, cognitive load theorists have been able to demonstrate 

how learning is influenced by instructional materials (Burkes, 2007; Paas et al., 2003). 

Cognitive load theory views the limitations of working memory to be the primary 

obstacle to efficient and effective learning.  By reducing cognitive load through improved 

instructional design, the portion of working memory available to accomplish the learning 

process increases (Paas et al., 2004).  Several studies have documented the effect of 

physical integration of instructional materials on learning outcomes and measures of 

cognitive load. Textbooks with greater integration of related ideas and fewer topical 

switches provide closer physical integration, effectively lowering cognitive load, than 

textbooks with less integration of related ideas and more topical switches.  Closely 
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organized textbooks reduce extraneous cognitive load because less effort is required for 

the integration of related ideas and less effort is expended for searching and maintaining 

related information in memory (Chandler & Sweller, 1991; Sweller, 1988).   

Conceptualizing the brain as an information processing center is fundamental to 

cognitive load theory as it relates to instructional design (Miller, 1956; Sweller, 1988).  

Processing five to nine pieces of information at a time produces learning constraints 

when processing multiple items exceeds the learner’s cognitive load.  Information 

overload may result with a negative effect on learning when a continuous stream of 

difficult-to-learn information (high elemental activity) is presented to learners. Many 

traditional instructional strategies used in contemporary classrooms impose extraneous 

cognitive load because they were developed prior to the current understanding of 

cognitive structure (Paas et al., 2003). Alternative structural designs are needed to reduce 

cognitive load to make learning more effective and efficient.  

Schema acquisition and chunking are two methods used to process multiple 

information items more efficiently and effectively (Sweller, 1988).  Instructional 

strategies for high element activity requiring high cognitive load should consider 

providing a mechanism to off-load large quantities of complicated material from working 

memory to assist the processing of all information from working memory to long-term 

memory. Researched instructional strategies capable of reducing cognitive load to 

improve learning include: (a) scaffolding information by simple-to-complex sequencing, 

(b) timing the presentation of essential information, (c) using worked examples when 

learning to solve particular problems, (d) shifting control from teacher to learner as 
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learner expertise develops along a novice-to-expert trajectory (Paas et al., 2003), and (e) 

the use of advanced organizers as an off-loading mechanism to increase the processing of 

complicated material from working memory to long term memory (Ausubel, 1963, 1969).  

Subsumptive Theory. Cognitive load theory explains the role of memory in 

learning and provides a conduit to subsumptive theory. The need to learn large amounts 

of meaningful material from verbal presentations and textbook reading assignments in an 

academic setting serves as the basis of subsumptive theory as postulated by David 

Ausubel (1963). Subsumptive theory uses a cognitive constructivist approach to learning 

as evidenced by merging new material with existing understandings based on previous 

learning by outlining or sequencing the new material to be learned. The purpose of the 

advanced organizer is the transformation of existing knowledge by the incorporation of 

new knowledge and the application of information to unique situations.  Advanced 

organizers use the terms and concepts previously learned to connect previous learning to 

new material to be learned.  Advanced organizers are characterized by the use of outlines, 

frameworks, and other organizational cues designed to aid the transformation of existing 

knowledge with the aim to embed new information into long term memory (1963). The 

advanced organizer does not need to be particularly lengthy or complex but must be 

clearly understood and related to the new material (The Northeast Texas Consortium, 

2002).  

Subsumptive theory is a comprehensive theory of how the mind learns and retains 

large volumes of subject matter in academic learning environments (Ausubel, 1963).  The 

principle of progressive differentiation describes a mental organization of particular 
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subject matter as consisting of a hierarchical structure in which the most inclusive 

concepts occupy a position at the apex of the structure and subsume progressively less 

inclusive and more highly differentiated subconcepts and factual data. Ausubel assumes 

the brain serves as an information processing and storing mechanism and is constructed 

in such a way that both the acquisition of new knowledge and its organization within the 

cognitive structure conform naturally to the principle of progressive differentiation 

(1963). Given this assumption, it seems reasonable to suppose optimal learning and 

retention occur when teachers deliberately order the organization and sequential 

arrangement of subject matter along similar lines of thinking.  In other words, new ideas 

and information can be efficiently learned and retained only to the extent that more 

inclusive and appropriately relevant concepts are already available in the cognitive 

structure to serve a subsuming role or to furnish ideational anchorage.  

The principle of integrative reconciliation describes the relationship between 

subject matter as overlapping and related without compartmentalization or isolation of 

concepts within a body of information. Learning can be a process of exploring 

relationships between concepts while delineating similarities and differences and 

reconciling real or apparent inconsistencies. If this approach to learning is not observed, 

undesirable consequences may result including: (a) multiple terms being used to 

represent concepts that are intrinsically equivalent except for their contextual references, 

generate cognitive strain and confusion, (b) artificial barriers erected between related 

topics or concepts may obscure important common features making the acquisition of 

insights based on perception of commonalities difficult, (c) inadequate use of previously 
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learned material stymies the incorporation of related new information into the cognitive 

structure, and (d) significant differences between apparently similar concepts are not 

made clear and explicit and can be erroneously perceived as identical (Ausubel, 1963).  

The principles of progressive differentiation and integrative reconciliation 

represent Ausubel’s approach to learning and retention of learning (1963). According to 

Ausubel’s subsumptive theory, learning is the process of reconciling and integrating new 

ideas with previously learned material through subsuming new information by inclusion 

into the hierarchical cognitive structure under an existing higher-level idea (1963, 1969).  

However, these principles are rarely followed in teaching procedures or in the 

organization of textbooks. More often the typical practice for textbook authors and 

editors is to segregate topically homogenous materials into separate chapters or 

subchapters.  This practice assumes pedagogical considerations are adequately served if 

overlapping topics are handled in a self-contained fashion so that each topic is presented 

in only one of the several possible places where treatment is relevant and warranted.  

When topics are homogenously segregated, all necessary cross-referencing of related 

ideas must be performed by the learner.  Such textbooks make minimal effort to explore 

relationships between concepts (i. e. pointing out significant differences and similarities) 

or to reconcile real or apparent inconsistencies (1963).  

The pedagogical strategy proposed by progressive differentiation and integrative 

reconciliation involves the use of relevant and inclusive organizers that are stable and 

discriminable from related conceptual systems in the learner’s cognitive structure 

(Ausubel, 1963). The organizers are introduced to the learner in advance of the material 
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to be learned. An organizer is selected on the basis of its suitability for explaining, 

integrating and interrelating the material or learning material it precedes. The advantage 

of deliberately constructing an advanced organizer for new material to be learned is that 

the learner benefits from: (a) having a general overview of the more detailed material in 

advance of the learner’s actual confrontation with the material, (b) the provision of 

organizing elements which are relevant and efficient towards particular material 

contained in the new material, and (c) making use of established knowledge  to increase 

the familiarity and learnability of new material (1963).  The pedagogical value of 

advance organizers depends on the level of organization of the learning material. Highly 

organized learning material will require lesser differentiation, whereas learners of 

ineffectively organized learning material will greatly benefit from the use of advanced 

organizers. Regardless of how organized the learning material may be, learning and 

retention can be augmented by the use of advanced organizers at appropriate levels of 

inclusion.  Advanced organizers best facilitate learning of factual material and can 

provide ideational scaffolding for subjects requiring the integration of factual material 

into the leaner’s cognitive structure (1963).  

Advanced organizers further the principle of integrative reconciliation by pointing 

out similarities and differences between new and previously learned concepts in the 

cognitive structure (Ausubel, 1963). Organizers explicitly draw upon and mobilize all 

available concepts in the cognitive structure that are relevant for and can play a 

subsuming role in relation to the new meaning of the material being learned.  This tactic 

provides an economy of the learning effort by avoiding the isolation of essentially similar 
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concepts in separate, non-communicating compartments while discouraging the 

confusion of multiple terms meant to represent closely related but materially different 

ideas.  Advanced organizers increase the discriminability of genuine differences between 

new learning material and similar, but often conflicting ideas in the learner’s existing 

cognitive structure. Ausubel summarizes the types of advanced organizers into two major 

categories: (a) an expository organizer designed to provide relevant, proximate, and 

subsuming concepts which provide ideational anchorage in familiar terms to the learner 

and (b) a comparative organizer intended to integrate new concepts with basically similar 

concepts previously existing in the learner’s cognitive structure while increasing 

discriminability between new and existing concepts which are essentially different 

(1963).  

A review of literature yields two primary disciplines, education and business, 

which provide a foundational understanding of the process of creation and utilization of 

advanced organizers. Pritchard (2000) discusses the development of an advanced 

organizer (also referred to as a learning template) for project managers within the 

business domain by delineating a strategy for creating a tool.  An important first step in 

the development of an advance organizer is clarity in understanding the users’ needs.  To 

this end, the strategy begins by assessing the needs of the users and deciding what the 

advanced organizer will accomplish. Asking simple questions such as, “What problem do 

we hope to solve?” and “What information do we hope to capture?” provides direction 

and clarity for advanced organizer developers.  The second step is deciding on the 

breadth and depth of the proposed advanced organizer.  The extent of advanced organizer 
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development ranges from very simple to the embedding of huge volumes of information.  

The users’ application of the advanced organizer will dictate the amount of information 

to include in the advanced organizer.  Pritchard suggests the information used to create 

the advanced organizer should be available from a common source (2000).  The advanced 

organizer should address a single issue or problem not otherwise synthesized in another 

format and brings common information together with accuracy while drawing out new 

insights from existing data (Microsoft Corporation, 2008; 2000).  If the advanced 

organizer is simply a recapitulation of material readily available elsewhere, there is no 

real need to create an advanced organizer to access information.  The advanced organizer 

should be able to readily retrieve specific information from a larger body of material to 

be catalogued for efficient accessibility (2000).    

The educational domain views advanced organizer development as a design 

source to create foundational learning. The various types of advanced organizers (graphic 

organizers, learning templates, mind maps, concept maps) create a method for organizing 

thoughts to increase understanding.  The use of an advanced organizer encourages the 

learner to classify ideas and communicate more effectively while empowering the learner 

to master material faster and more efficiently (TeacherVision, 2008).  By creating 

advanced organizers, the learner is encouraged to take an active and self-directed 

approach to learning (University of New South Wales, 2002).  Advanced organizers such 

as graphic organizers are valuable instructional tools which are flexible with a multitude 

of applications.  The advanced organizer brings order and completeness to the learner’s 
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thought processes and is equally capable of extracting details embedded in the material, 

as well as capturing a broader view of the material (TeacherVision, 2008). 

Theories Supporting Collaborative Learning  

Social Development Theory. Lev Vygotsky postulates that social and cultural 

interaction is pivotal to the development of cognition (1962).  Social interaction plays a 

fundamental role in the development of thinking, learning, and communicating.  

Continuous interdependence on human-to-human communication (language) socially 

influences cognitive development. Human contact directly effects knowledge 

construction through social and cultural factors.  Vygotsky proposes that the development 

and structure of human consciousness and language is internalized during cultural 

exposure and can be understood by examining social and cultural processes from which 

the individual derives (1962).   

Instead of cognitive functioning occurring solely within the individual, Vygotsky 

assumes the development of cognitive function occurs between individuals or groups 

(1962). Vygotsky suggests that the learner’s mind does not develop in a vacuum but is 

part of a larger social and cultural milieu dependent on human interface.  Social 

development theory, postulated by Lev Vygotsky, describes cognitive development as 

occurring within a culture of social interaction.  

Every function in the [learner’s] cultural development appears twice: first, on the 
social level, and later, on the individual level; first between people 
(interpsychological) and then inside the [learner] (intrapsychological).  This 
applies equally to voluntary attention, to logical memory, and to the formation of 
concepts.  All the higher functions originate as actual relationships between 
individuals. (Vygotsky, 1978, p. 57)  
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Additionally, the theory promotes learning environments in which students play an active 

role in learning and the teacher becomes a collaborator, mentor, guide or coach. A central 

feature of Vygotky’s theory is the Zone of Proximal Development (ZPD) (1962).  The 

ZPD describes the gap between what a learner can do independently and unassisted and 

what can be accomplished with aids from a “more knowledgeable other" (e. g. tutor, 

coach, mentor) in the learning environment. The transmission of culture is accomplished 

by a “more knowledgeable other" sensing what a learner needs to know and working to 

meet the learning need. Vygotsky focused on how others provide cultural patterns 

making the process of development achievable (1962).  The role of the ”more 

knowledgeable other” is to facilitate meaning construction in learners not mere 

dissemination of information (Vygotsky, 1978).  The zone is an area of potential mastery 

of life and learning situations increased by the quality and quantity of communication and 

interactions with mentors, guides, and peers.  

Cooperative Learning Theory. Cooperative learning is a type of collaborative 

learning used to promote learning based on social development theory.  Social 

development and social interaction play a foundational role in the development of the 

individual learner’s cognitive abilities (Vygotsky, 1962; Vygotsky,1978).  Through 

collaboration, learners share knowledge and resources to produce outcomes more 

complete and robust than would be created by an individual learner working alone. The 

expected outcomes of collaborative learning include learners being able to think for 

themselves, think with others, investigate, share information and make assessments about 

information (Johnson, Johnson & Stanne, 2000).  
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Cooperative learning is based in theory and validated by research (Johnson & 

Johnson, 1979).  Cooperative learning is characterized by four attributes: (a) positive 

interdependence, (b) individual accountability, (c) group interaction, and (d) social skills. 

Positive interdependence occurs when learners realize they need each other to complete a 

learning task successfully. Individual accountability refers to each learner’s effort to 

successfully complete a portion of the overall group mission. Group interaction is the 

sharing of information that the learner’s engage in during the learning activity. Social 

skills are the techniques and methods used to promote group interactions such as 

leadership, decision-making, trust-building, communication, and conflict management 

(1979). Cooperative learning is one of the most widespread and fruitful areas of theory, 

research and practice (Johnson, Johnson & Stanne, 2000). 

The literature is replete with references to the effectiveness of increasing learner 

achievement by utilizing cooperative learning methods (Johnson, Johnson & Stanne, 

2000; Johnson & Johnson, 1979; Johnson, Johnson & Tauer, 1979; Johnson, Johnson & 

Taylor, 1993; Sherman, 1991).  Cooperative learning is said to exist when learners work 

together to accomplish shared learning goals.  The overall expected achievement of 

learners working in a cooperative learning environment includes: (a) increasing student 

confidence, (b) observing problems from various viewpoints represented by group 

members, (c) working as colleagues rather than competitors, and (d) integrating theory 

and practice.       

Although cooperative learning is a generic term referring to numerous methods of 

organizing instruction (Johnson, Johnson & Tauer, 1979; Johnson, Johnson & Stanne, 
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2000; Sherman, 1991), cooperative learning is said to be accomplished when the 

individual learner achieves his or her learning goals as the other group members achieve 

theirs (Johnson & Johnson, 1979).  The combination of experiential learning (learning in 

which cognitive structures are altered, attitudes are modified and behavioral skills are 

expanded) and membership in a supportive and accepting group frees the learner to 

experiment with new behaviors, attitudes and actions (Sherman, 1991).  Several 

important principals of experiential learning that apply to cooperative learning include: 

(a) it is easier to change a person’s actions, attitudes and behavioral patterns in a group 

context than in an individual context, (b) a person accepts a new system of action, 

attitudes and behavioral patterns when he accepts membership in a group, (c) learning is 

more effective when it is an active rather than a passive process, and (d) a person will 

believe more in knowledge they have discovered themselves than in knowledge presented 

by others (individual advanced organizer development) (Sherman, 1991). 

Cooperative learning is a strategy widely used as an instructional practice from 

preschool through graduate school (Johnson, Johnson & Stanne, 2000) and in all subject 

areas and in traditional as well as non-traditional learning environments (Vasquez, 

Johnson & Johnson, 1991).   Hundreds of research studies demonstrate that cooperative 

learning structure results in higher individual achievement than does competitive learning 

structure [goal achievement is negatively correlated – when one learner achieves his goal 

all other learners with whom he is competing against fail to achieve their goals] (Johnson 

& Johnson, 1979) or individualistic learning structure [goal achievement is independent – 

one learner’s achievement is unrelated to the goal achievement of other learners] 
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(Sherman, 1991).  Johnson and Johnson (1979) research findings reveal a cooperative 

learning structure resulted in higher achievement than did competitive learning structure 

and individualistic learning structure in problem-solving and specific knowledge 

acquisition and retention.  

Johnson, Johnson, and Tauer (1979) conducted a study to examine the effects of 

cooperative, competitive and individualistic learning structures on learner achievement, 

perceptions of teacher and peer academic and personal support. The results indicated 

cooperative learning structure promotes stronger perceptions of the teacher’s academic 

and personal support than did individualistic learning structure experiences with stronger 

perceptions of peer academic and personal support than either competitive learning 

structure or individualistic learning structure.  Based on this study, the cooperative 

learning structure produced higher achievement than either competitive or individualistic 

learning structures (1979).     

The impact on cooperative learning on high-ability learners’ achievement and 

self-esteem was measured by Johnson, Johnson, and Taylor (1993).  The overall 

achievement of the high-ability learners working in a cooperative learning environment 

was higher on both recall and higher level reasoning measures than the high-ability 

learners working in an individualistic learning environment.  Academic self-esteem 

influences achievement in high-ability learners (Sherman, 1991) as these learners 

struggle to develop and sustain self-esteem based on their academic success (Johnson, 

Johnson & Taylor, 1993).  The results indicate the high ability learners demonstrated 

higher academic self-esteem from the cooperative learning environment.   
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Vasquez, Johnson, and Johnson studied a training program (U. S. Navy air traffic 

controller trainees) requiring learners to learn extensive amounts of technical material 

and procedures with transference to the job situation (1991). Successful technical training 

differs from academic learning because the former is aimed at incorporating a new body 

of technical knowledge and skills and the application of newly acquired technical 

knowledge and skills. Another important achievement issue studied was whether group-

to-individual transference occurs in cooperative learning.  The results of the study 

indicate material learned in cooperative learning groups did, in fact, transfer to situations 

in which trainees had to perform as individuals (Vasquez, Johnson & Johnson, 1991). 

Cooperative learning when compared with traditional instruction resulted in greater 

learning of technical information, greater independent functional ability to perform job 

requirements and a zero failure/attrition rate.  Additionally, cooperative learning when 

compared to traditional instruction resulted in greater morale and more favorable 

perceptions of the instructor’s competence. Working in cooperative learning groups to 

solve problems requires students to engage in skills similar to those needed in a 

collaborative work environment. These skills include: (a) problem-solving, (b) 

prioritization, and (c) working with others in a collaborative manner (DeMarco, 

Hayward, & Lynch, 2002). 

Although cooperative learning increases learner achievement (over competitive 

and individualistic learning strategies) this does not mean that all operationalizations of 

cooperative learning will be effective (Johnson, Johnson & Stanne, 2000).  Many of the 

research studies examine effectiveness. Such studies provide minimal theoretical 
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relevance but put forth examples where a cooperative learning method worked in a 

specific situation.  Although 164 studies on specific cooperative learning methods have 

been identified, only eight methods have been subjected to empirical validation with 

relevant effect size (Johnson, Johnson & Stanne, 2000). While any teacher may develop a 

version of cooperative learning that is effective in a specific situation, research studies are 

needed for validation of cooperative learning methods. Without reviewing the research on 

the many different cooperative learning methods, it is difficult to recommend specific 

cooperative learning procedures to educators (Johnson, Johnson & Stanne, 2000).    

Jigsaw Instructional Method.  The Jigsaw instructional method is a cooperative 

learning technique that uses small group collaboration as an efficient way to learn course 

material (Aronson, Blaney, Sikes, Stephan, & Snapp, 1978). Core competencies needed 

to successfully complete a Jigsaw instructional method include: (a) writing and speaking, 

(b) information gathering using electronic database resources, textbooks, and class 

resources, (c) synthesis and analysis of problem-solving and critical thinking with 

application of reasoning and interpretive methods, (d) collaborative learning and 

teamwork, (e) the understanding of issues pertaining to social behaviors, scholarly 

conduct and community responsibility, and (f) active learning (Schreyer Institute for 

Teaching Excellence, 2007).   

The Jigsaw method encourages listening, engagement, and empathy by giving 

each member of the group an essential part of a learning activity. Group members 

collaborate as a team to accomplish a common assignment or goal. Each group member 

depends on the other group members for success (Aronson et al., 1978; Schreyer Institute 
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for Teaching Excellence, 2007).  Jigsaw instructional method requires each student to be 

responsible for completing and understanding one part of the whole. Each participant 

must share his or her knowledge effectively with the group to complete the assignment. 

Jigsaw is highly structured and requires interdependence among group members.  The 

interdependence feature of this strategy encourages students to take an active part in their 

learning.  Aronson et al. (1978) describes the implementation of this method as: (a) 

course material is divided into discrete chunks of information with the number of chunks 

equal to the number of group members, (b) each group member becomes an expert on 

their chunk of information by studying separate sections of the material then (c) 

individual group members reconvene as a group and each “expert” is responsible for 

teaching the other group members their sections of the material.  At the end of the unit of 

study, students are tested over the combined material studied and taught by each group 

member (2007).  

Based on the Jigsaw concept, individual student success is threatened unless each 

group member works in a collaborative manner forming a team. This “cooperation by 

design” facilitates interaction among all students within a class leading to them to value 

each other as contributors to a common task (Schreyer Institute for Teaching Excellence, 

2007).  Each group member has a responsibility to provide a quality contribution to the 

project.  The cooperative expectation for a Jigsaw assignment is that all group members 

come prepared for discussion and participate fairly equally in the discussion. The 

responsibility of each group member is to ask for the opinions and ideas of less vocal 
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group members.  The expectation of individual accountability is represented as any group 

member, if randomly called upon, could summarize the group’s discussion (2007).  

Although there is disagreement as to the most advantageous group size for using a 

Jigsaw instructional method, Aronson et al. (1978) considers groups of four to six 

members as ideal.  However, Adams (1970) experimented with various sizes of groups 

and discovered groups of six to eight students were an optimal size for most group 

activities.  The study also showed that larger groups may exhibit reduced interaction by 

all students and “groups within groups” begin to form working counter to the group’s 

mission.  

Call for Change in Teaching Pathophysiology 

 Nursing faculty in higher education acknowledge the challenge of constructing 

meaningful learning to better prepare nurses for effective service in the 21st century. The 

call to transform teaching and learning of pathophysiology is well-documented in the 

current literature. Pathophysiology, the study of disease, provides a foundational 

understanding required for nurses to function safely and effectively in today’s healthcare 

environment (Benner et al., 2010; Billings & Halstead, 2009; Del Bueno, 2005). Nurses 

must have an adequate fund of knowledge of disease processes to effectively problem-

solve and exercise clinical reasoning (2010). Teaching pathophysiology for a “sense of 

salience” is desired to improve understanding of disease processes and is needed to 

prepare today’s nursing student to be tomorrow’s nurse.  It is essential for nursing faculty 

to help students acquire and use knowledge of disease processes in problem-solving and 

clinical reasoning. Students must be able to link textbook descriptions of diseases with 
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actual patients’ clinical manifestations of illness to effectively narrow the gap between 

theory (reading a textbook) and practice (applying concepts of disease processes in 

patient care environments) (2010).  Del Bueno (2005) states, “In the real world, patients 

do not present the nurse with a written description of their clinical symptoms…” (p. 281). 

Nursing students must continually make connections between information presented in 

pathophysiology textbooks and classroom lectures with actual situations involving 

patients in clinical settings. Students must go even further and make connections between 

changing patient data and specific assessments and interventions; the link between 

abstract knowledge of pathophysiology described in textbooks and classroom lectures 

should produce implications for nursing actions in clinical practice (2010).  Nursing 

students need consistent learning opportunities with didactic assignments and clinical 

experiences to learn how to effectively manage patient problems (2005).  Improving how 

students learn from textbooks used in a pathophysiology course may advance how 

students translate theory to practice in the clinical setting positively impacting problem-

solving and clinical reasoning.   

Summary 

 An educational intervention was developed using multiple educational theories. 

The theoretical underpinnings described in this chapter provided a structure for the 

development of the educational intervention described in Chapter Three and guidance for 

interpreting the study results in Chapter Five.  The development of an advanced organizer 

leads to the review of information processing theory, cognitive load theory and 

subsumptive theory. After analyzing the conceptual threads connecting each theory, an 
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advanced organizer was developed. Collaboration through small groups required analysis 

of several collaborative learning theories.  Social development theory and cooperative 

learning theory were used to base the assumption learners will experience increased 

learning and cognition in an environment of collaboration; thus determining the learning 

environment for the study.  Acknowledging a call for change in the teaching and learning 

of pathophysiology, nursing students in a southwestern university were introduced to an 

advanced organizer using a Jigsaw instructional method in context of collaborative small 

groups with the aim of improvement in learning of disease processes as measured by 

exam scores.   
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Chapter Three  

METHODOLOGY 

Chapter three begins with an overview of the study followed by a description of 

the development of the “educational intervention instructional method.”  The research 

protocol details the process of using the “educational intervention instructional method” 

as treatment with one group while using the “traditional learning approach instructional 

method” with another group.  The research questions and hypotheses are followed by a 

discussion of the research design including testing instruments, sample detail, human 

subjects’ protection, data collection, data analysis, and limitations.     

Study Overview 

The research study was a retrospective analysis of students’ exam scores from 

corresponding exams in corresponding years. Exam 1 and Exam 2 served as formative 

assessments administered during an intermediate pathophysiology course in a 

southwestern university during spring semesters in 2008 and 2009. The study sought to 

measure the effect of the treatment on exam scores by comparing scores from students in 

2009 using the “educational intervention instructional method” with students in 2008 

using the “traditional learning approach instructional method.” The testing instrument 

consisted of identical exam items found on Exam 1 2008 and Exam 1 2009, as well as 

identical items found on Exam 2 2008 and Exam 2 2009. Comparing identical exam 

items on corresponding exams generated data to determine whether exam scores differed 

between students using an “educational intervention instructional method” in 2009 and 

students using a “traditional learning approach instructional method” in 2008.  An 
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additional area of interest was the effect of the educational intervention on exam scores 

for identical items from corresponding exams categorized according to Bloom’s revised 

taxonomy of the cognitive domain. To satisfy this curiosity, identical exam items from 

Exam 1 and Exam 2 in 2008 and Exam 1 and Exam 2 in 2009 were used to measure the 

effect of the “educational intervention instructional method” on exam scores in 2008 and 

2009 when categorized according to Bloom’s revised taxonomy of the cognitive domain 

as: (a) understanding, (b) applying, and (c) analyzing (Bloom, Engelhart, Furst, Hill & 

Krathwohl, 1956; Krathwohl, 2002).   

Bloom’s taxonomy of the cognitive domain is a multi-level model used to classify 

cognition according to six levels of increasing complexity providing common meaning to 

objectives and evaluation, thus enhancing communication (Bloom et al., 1956).  The 

cognitive taxonomy contends that cognitive operations can be categorized according to 

six increasingly complex levels from simple to complex and concrete to abstract with 

each level depending on the students’ ability to perform at the level preceding it: (a) 

“knowledge” which refers to the lowest level of cognition and involves remembering or 

recalling, (b) “comprehension” representing the next level defined as the ability to grasp 

the meaning of material, (c) “application” referring to the ability to use learned material 

in new and concrete situations, (d) “analysis” referring to the ability to break down 

material into its component parts to understand organizational structure, (e) “synthesis” 

referring to the ability to put structural parts together to form new patterns or structure, 

and (f) “evaluation” represents the highest level and is described as the ability to judge 

the value of material based on values or opinions for a given purpose (1956). The 
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categories in the taxonomy serve as a means of evaluation and each consists of multiple 

subcategories.   

Bloom’s revised taxonomy of the cognitive domain advances the one-dimensional 

concept of categories and subcategories to a two-dimensional framework of knowledge 

and cognition emphasizing the use of a taxonomy table with the knowledge dimension 

forming the vertical axis and the cognitive process dimension forming the horizontal axis 

(Krathwohl, 2002).  The knowledge dimension considers four types of knowledge: (a) 

factual knowledge, (b) conceptual knowledge, (c) procedural knowledge, and (d) 

metacognitive knowledge. The six-level Cognitive Process dimension is renamed to 

correspond to the previous six levels of Bloom’s taxonomy as: (a) remembering 

(knowledge), (b) understanding (comprehension), (c) applying (application), (d) 

analyzing (analysis), (e) evaluating (synthesis), and (f) creating (evaluation) (Anderson 

& Krathwohl, 2001).  

Although student learning outcomes can be evaluated using diverse assessment 

activities and strategies, multiple-choice exams are considered an efficient approach to 

measure changes in knowledge, skills and attitudes during and after participation in a 

nursing course or program (Billings & Halstead, 2009; McDonald, 2007). One pivotal 

advantage of using multiple-choice exams as formative and summative assessments is 

flexibility in measuring learning at different cognitive levels. Multiple-choice items, 

when constructed at higher levels of Bloom’s revised taxonomy of the cognitive domain, 

can measure critical thinking (2007); however, it is difficult to write multiple-choice 

items capable of capturing the evaluating and creating levels (2009). Remembering level 
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is not considered a level capable of measuring critical thinking; however, exam items 

written at understanding, applying, and analyzing levels are acceptable test instruments 

to measure critical thinking in nursing assessments (2007).  Additionally, the NCLEX-

RN® licensing examination, used nationally to measure entry-level nursing competence 

of graduate nurses for licensure as registered nurses, consists primarily of multiple-choice 

items administered using computer adaptive testing in a multiple-response format 

(National Council of State Boards of Nursing, 2010).  The use of a multiple-response 

format on the licensure examination gives credibility to the widespread use of multiple-

choice exams as an accepted method of assessment within nursing programs (2010) and 

as a strategy to prepare graduate nurses for the format and testing conditions of the 

NCLEX-RN® examination (2007).  

A primary purpose for developing the taxonomy was to improve communication 

and establish a sense of uniformity in classifying objectives for instructional design and 

evaluation (Bloom et al., 1956). The taxonomy aids curriculum developers to specify 

objectives so that it becomes easier to plan learning experiences and prepare evaluation 

devices.  A major task for educators is “securing the consensus of the educational 

workers” using Bloom’s taxonomy (1956) to ensure precise and usable definitions of the 

different levels or categories (p. 11).  For the purposes of the study, a panel of experts 

was formed to categorize identical multiple-choice items into specific levels of Bloom’s 

revised taxonomy using a modified Delphi technique.  Due to the subjective nature of 

definitively categorizing learning material, the study relies on the opinions of experts. 

This inherent subjectivity is evidenced by the classification of the same verb at multiple 
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levels within taxonomy of increasing complexity (Indiana University-Purdue University 

Indianapolis, 2002). For example, the verb “select” can be used to write an objective at 

the remembering, understanding, applying, and analyzing categories substantiating the 

subject nature of categorization.  

The panel consisted of five nursing faculty from two southwestern universities. 

Criteria for participation as a member on the expert panel included: (a) Master’s degree in 

nursing with an education focus, (b) minimum of five years teaching experience in a 

baccalaureate program (c) current certification as a Certified Nurse Educator, and (d) 

minimum of three years experience writing multiple-choice exam items. The modified 

Delphi technique gathered input from panel experts via email.  Through a process of 

submission, feedback and revision, consensus was achieved (Polit & Beck, 2004) 

categorizing each identical exam item according to Bloom’s revised taxonomy (Anderson 

& Krathwohl, 2001): (a) understanding, (b) applying, or (c) analyzing.  Seventeen 

identical exam items were located in both Exam 1 2008 and Exam 1 2009 and 20 

identical exam items were located in both Exam 2 2008 and Exam 2 2009. The identical 

exam items were initially categorized by the researcher and submitted via email to the 

expert panel for comments and discussion. After two rounds of comments, discussion, 

feedback and revision, the panel achieved consensus (Appendix B). Categorization of 

identical exam items by the expert panel was completed and exam scores for Exam 1 

2008 and 2009 and Exam 2 2008 and 2009 were analyzed to determine if a difference 

existed between exam scores based on three categories within the cognitive process 

dimensions of: understanding, applying, and analyzing.   
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Development of the Educational Intervention Instructional Method  

 An instructional method can be described as the approach an educator uses to 

present information to the learner (Bastable, 2008) and can be categorized as either as a 

teacher-centered or a student-centered (Billings & Halstead, 2009). Neither a teacher-

centered nor a student-centered instructional method can be considered capable of 

producing the perfect solution for teaching every student in every setting. Some learning 

goals indicate the need for teacher-centered approaches, while other learning goals may 

best be achieved by student-centered approaches. Faculty members are encouraged to 

develop meaningful and new instructional methods (Benner et al., 2010) capable of 

supporting and enhancing the learning process (2008).  The need to develop an 

instructional method aimed to improve learning in a pathophysiology course motivated 

faculty to look beyond the currently employed teacher-centered approach to develop an 

instructional method aimed to improve learning. The instructional method aimed to 

improve learning incorporated a two-pronged, student-centered learning approach using: 

(a) an advanced organizer in a (b) collaborative learning activity and is henceforth 

referred to as the “educational intervention instructional method.”    

Advanced organizer.  An advanced organizer was designed to reduce extraneous 

cognitive load associated with learning from textbooks written for the highest-level 

learner (i. e. medical students) whose expectation to learn and retain material is at a 

higher level than a learner using the same textbook but with different learning 

expectations (i. e. nursing students). The advanced organizer was developed to facilitate 

embedding new material with high elemental interactivity into long-term memory.  
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Pathophysiology material is considered difficult-to-understand (Copstead & Banasik, 

2010; Corwin, 2008; McCance et al. , 2010; McConnell, 2007; Porth & Matfin, 2009) as 

it represents high elemental interactivity (Paas et al. , 2003) resulting in higher intrinsic 

cognitive load (Sweller, 1994). The advanced organizer has two primary purposes: (a) to 

aid in extrapolating essential from non-essential information housed in dense textbook 

writings and (b) to aid in learning and retention of a large volume of complex material.  

Based on subsumptive theory, two types of advanced organizers exist: (a) an expository 

organizer designed to provide relevant, proximate, and subsuming concepts creating 

ideational anchorage in recognizable terms to the learner and (b) a comparative organizer 

intended to integrate new, yet similar concepts previously existing in the learner’s 

cognitive structure while increasing discrimination between different concepts (Ausubel, 

1963, 1969).  To augment learner effort in acquiring new concepts related to previously 

learned material, an advanced organizer was developed incorporating aspects of both the 

expository and comparative organizer. The advanced organizer was designed to aid the 

learning of factual material by identifying essential topics within the dense writings of a 

pathophysiology textbook.  Scaffolding provided by the advanced organizer aids in 

integrating factual material into the leaner’s cognitive structure (Paas et al., 2003).   

In a junior-level pathophysiology course, nursing students were expected to learn 

and retain large volumes of complex material. Cognitive load theory assists in developing 

an advanced organizer for complex material with high elemental interactivity resulting in 

high cognitive load negatively affecting movement of information from working memory 

to long term memory. The advanced organizer attempts to enhance learning by 
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decreasing cognitive load (Sweller, 1994) through the use of a structured format (Paas et 

al., 2003).  The structured format of the advanced organizer seeks to off-load large 

quantities of complicated material from working memory into the advanced organizer, 

thereby capturing and holding the new material until it can be processed by the working 

memory to become an enduring understanding retained in long term memory.  

Within the nursing curriculum of a southwestern university, pre-requisite courses 

in anatomy, physiology, and chemistry constructed a platform for progressive 

differentiation of subsuming concepts. Concepts of anatomy, physiology, and chemistry 

occupied a position at the apex of the conceptual structure and subsume progressively 

less inclusive and more highly differentiated concepts within pathophysiology.  The 

principle of integrative reconciliation considers previously learned concepts in the 

cognitive structure either similar to or different from new ideas.  Concepts of anatomy, 

physiology, and chemistry created a cognitive structure to introduce different and more 

complex material within the domain of pathophysiology. The advanced organizer 

explicitly draws upon and mobilizes concepts in the cognitive structure relevant to 

understanding pathophysiology; thus, playing a subsuming role in relation to the new 

meaning of the material being learned.   

The advanced organizer must be well-understood and relate new material to 

previous learning in an easy-to-understand manner.  Additional progressive 

differentiation creates categories of information within the domain of pathophysiology to 

match the organization of the pathophysiology textbooks reviewed for development of 

the educational intervention (Copstead & Banasik, 2010; Corwin, 2008; McCance et al., 



Texas Tech University, Virginia Ann Utterback, December 2010 

 

46 

 

2010; Porth & Matfin, 2009).  A frequently used approach to provide information about 

disease processes is based on three consistent parameters designated by subheadings 

within current editions of pathophysiology textbooks: (a) etiology or the cause of a 

disease, (b) pathogenesis or the course/progression of a disease, and (c) the clinical 

manifestations associated with a specific disease (Copstead & Banasik, 2010; Corwin, 

2008; McCance et al., 2010; Porth & Matfin, 2009). In addition to the above categories, 

pathophysiology textbooks include a discussion of risk factors of disease, where 

applicable, but separate subheadings are not consistently labeled. In order to support the 

learning of disease processes, an additional category of “risk factors” is added to the 

above list of categories that complete the advanced organizer.  To summarize, the 

subsuming concepts within pathophysiology used to develop the advanced organizer 

include: (a) associated risk factors, (b) etiology or cause of the disease, (c) pathogenesis 

or the course/progression of the disease, and (d) clinical manifestations (Appendix A) 

(Copstead & Banasik, 2010; Corwin, 2008; McCance et al., 2010; Porth & Matfin, 2009).  

Collaborative learning activity.  In the case of students at a southwestern 

university, the experience of singularly dredging through pages of dense textbook reading 

assignments created feelings of frustration and isolation. By providing a learning 

environment where small groups of learners work together to achieve learning goals, 

faculty may be able to establish the use of collaboration as a viable method of minimizing 

feelings of frustration and isolation. (Johnson, Johnson & Stanne, 2000; Johnson & 

Johnson, 1979; Johnson, Johnson & Tauer, 1979; Johnson, Johnson & Taylor, 1993; 

Sherman, 1991). The four attributes of cooperative learning (i. e. positive 
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interdependence, individual accountability, group interaction, and social skills) are 

essential to successfully implementing the Jigsaw instructional method (Aronson et al., 

1978; Johnson & Johnson, 1979) within the collaborative learning activity. Positive 

interdependence was demonstrated when individual group members internalized the need 

for other group members to succeed in order to personally achieve successful learning 

outcomes.  Individual group member success was dependent on the success of each group 

member to accomplish the overall group mission. Individual accountability was 

demonstrated by each group member producing a strong effort to successfully complete 

each individual assignment within the overall group mission. Group interaction was 

required for sharing of each group member’s individual work with group. Overall group 

well-being required individual members to demonstrate social skills of leadership, trust-

building, communication, and conflict management to promote healthy group processing 

and interaction (1979).   

A Jigsaw instructional method was used as a cooperative learning technique 

within the collaborative learning activity. The collaborative learning activity required 

students to self-select groups of three to four members (Aronson et al., 1978).  In 

accordance with the Jigsaw instructional method, each individual group member was 

responsible for completing and understanding one part of the whole. Each group member 

shared his or her knowledge effectively with the group to complete the learning 

assignment.   

According to Vygotky’s Zone of Proximal Development (1962, 1978), the gap 

between what a learner can do independently and what can be accomplished with 
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assistance from a “more knowledgeable other" forms the foundation of the Jigsaw 

instructional method.  A “more knowledgeable other” refers to anyone who has a better 

understanding or greater ability than the learner (1978).  The “more knowledgeable 

other” is usually considered to be a teacher, coach, mentor or tutor but can also be the 

learner’s peers. Each group member became the “more knowledgeable other" for the 

material individually assigned.  Individual student assignments within the group mission 

consisted of researching disease processes more closely than other group members; thus 

making a “more knowledgeable other" of each group member for the unique disease 

processes researched within each module.  The students used the advanced organizer as a 

structured format to off-load the large volume of pathophysiology-related material to 

allow time for processing the limited amount of material the working memory could 

process into long term memory.  This was accomplished within small collaborative 

groups using a Jigsaw instructional method.   

Research Protocol  

Educational intervention instructional method protocol. The research protocol 

refers to the “educational intervention instructional method” piloted in 2009. The 

“traditional learning approach instructional method” represents the instructional method 

used in previous semesters of the pathophysiology course including 2008. The 

“educational intervention instructional method” used for the study was based on the 

following protocol: (a) small groups of three to four class members per group were 

formed via self-selection, (b) each student within a small group completed the entire 

reading assignment for selected diseases within a learning module (the course consisted 
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of three learning modules with an exam given at the conclusion of each module), (c) each 

group decided on an equitable method to divide the disease topics within a module, (d) 

each group member independently developed a document using the advanced organizer 

to retrieve information from the pathophysiology textbook or other resources for each of 

their individually assigned disease topics, (e) group members collaborated to create a 

general data base for each module by compiling the individual group members’ 

documents, (f) each group member had ready access to the data base for study and 

preparing for examination, (g) after time spent in individual study, group members met 

for an overall review and discussion of the disease topics as each student became the 

"more knowledgeable other" (Vygotsky, 1978) for their individually researched disease 

processes, and (h) each student independently completed an examination consisting of 50 

multiple-choice items covering material from the module.  

In addition to implementing an advanced organizer within a collaborative learning 

activity, faculty continued to provide support through weekly classroom lectures of 

selected disease processes addressing learning objectives for the course; however, the 

small group formed the nucleus of learning for group members.  The educational 

intervention approach shifted the direct control of students’ learning away from faculty 

members and placed it within the small groups. Working within small groups, students 

had the benefit of replicating the collaborative nature of the healthcare workplace where 

nurses interact to share, consult and rely on each other as dependable resources. These 

actions closely mirror the collegiality desired in the workplace as professional nurses, 

usually working in shifts of small groups, rely on each other as theoretically and 
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experientially knowledgeable colleagues for problem-solving and continued learning. 

Clinical problem-solving and lifelong learning have an experiential component dependent 

on nurses continuing to learn in clinical environments (Benner, 2000) and frequently, 

from each other.   

Yager, Johnson, Johnson, and Snider (1986) emphasize collaborative learning 

calls for a process to determine overall group functioning in order to maximize 

effectiveness. In order to assess the quality of collaboration and to aid in maintaining 

positive group dynamics and function, each small group engaged in an evaluation of 

group processing. The Group Process Reflection Questionnaire (Appendix C) was used to 

evaluate overall group wellbeing by allowing group members to reflect on group work 

sessions and indicate member actions that either contributed to or detracted from the 

group’s pursuit of its mission.  By taking action early, it was possible to resolve 

difficulties contributing to non-productive collaboration (1986).  At two checkpoints 

during the semester, each group member completed Group Process Reflection 

Questionnaire based on: (a) overall contribution to the group effort, (b) group meeting 

attendance and timeliness in submitting work to the group, and (c) quality of work 

submitted to the group both written documents and oral presentations. The Likert-scale 

scoring process was completed by faculty members.  Groups in danger of non-productive 

collaboration were counseled as a group, as well as individually, as indicated.  In 2008, 

group counseling was required with one group and with two individual group members 

within the same group once.  In 2009, group counseling was required for two groups. 

Early interventions included reassigning students to different groups and assisting 
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students to examine personal work ethic during counseling sessions, both with a positive 

effect on collaboration.  

Traditional learning approach instructional method protocol. The “traditional 

learning approach instructional method” was the protocol used in previous semesters 

within the same intermediate pathophysiology course and was based on teacher-centered 

instructional methods fostering an independent approach to learning. The “traditional 

learning approach instructional method” was based on the following protocol: (a) 

students completed the reading assignments in the pathophysiology textbook as specified 

in the learning modules prior to the lecture, (b) students attended a weekly lecture 

presented by a faculty member supported by a PowerPoint presentation, (c) students 

prepared for an exam by reviewing reading assignments, reviewing lecture notes and 

PowerPoint presentation handouts, and (d) each student independently completed an 

exam consisting of 50 multiple-choice items covering material from the module. The 

exam scores for students using the research protocol (“educational intervention 

instructional method”) were compared with exam scores of students using the “traditional 

learning approach instructional method” protocol. 

Research Questions and Hypotheses 

Research question one.  Is there a difference between exam scores of students 

using the “educational intervention instructional method” and the “traditional learning 

approach instructional method”? The study considers the following research hypotheses: 

Ho: There is no difference in exam scores between students using an “educational 
intervention instructional method” in 2009 and students using a “traditional 
learning approach instructional method” in 2008.  
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Ha: There is a difference in exam scores between students using an “educational 
intervention instructional method” in 2009 and students using a “traditional 
learning approach instructional method” in 2008.  
 
Research question two.  Is there a difference between exam scores of students 

using the “educational intervention instructional method” and the “traditional learning 

approach instructional method” when comparing only exam items categorized at the 

understanding level of Bloom’s revised taxonomy? The study considers the following 

research hypotheses: 

Ho: Within Bloom’s revised taxonomy, there is no difference in exam scores 
between students using the “educational intervention instructional method” (2009) 
and the “traditional learning approach instructional method“ (2008) when 
comparing exam items at the understanding level. 
 
Ha: Within Bloom’s revised taxonomy, there is a difference in exam scores 
between students using the “educational intervention instructional method” (2009) 
and the “traditional learning approach instructional method” (2008) when 
comparing exam items at the understanding level.  
 
Research question three.  Is there a difference between exam scores of students 

using the “educational intervention instructional method” and the “traditional learning 

approach instructional method” when comparing only exam items categorized at the 

applying level of Bloom’s revised taxonomy? The study considers the following research 

hypotheses: 

Ho: Within Bloom’s revised taxonomy, there is no difference in exam scores 
between students using the “educational intervention instructional method” (2009) 
and the “traditional learning approach instructional method” (2008) when 
comparing exam items at the applying level. 
 
Ha: Within Bloom’s revised taxonomy, there is a difference in exam scores 
between students using the “educational intervention instructional method” (2009) 
and the “traditional learning approach instructional method” (2008) when 
comparing exam items at the applying level.  
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Research question four.  Is there a difference between exam scores of students 

using the “educational intervention instructional method” and the “traditional learning 

approach instructional method” when comparing only exam items categorized at the 

analyzing level of Bloom’s revised taxonomy? The study considers the following 

research hypotheses:  

Ho: Within Bloom’s revised taxonomy, there is no difference in exam scores 
between students using the “educational intervention instructional method” (2009) 
and the “traditional learning approach instructional method” (2008) when 
comparing exam items at the analyzing level. 
 
Ha: Within Bloom’s revised taxonomy, there is a difference in exam scores 
between students using the “educational intervention instructional method” (2009) 
and the “traditional learning approach instructional method” (2008) when 
comparing exam items at the analyzing level.  

 
Research Design 

A completely randomized design was used as the research design for the study. 

Completely randomized design can be described as a research design using the simplest 

of randomization schemes in which assignments to groups is completely by chance and 

provides the advantage of simple, straightforward statistical analyses (Completely 

Randomized Design, n. d.; Engineering Statistics Handbook, 2010). A completely 

randomized design is appropriate to employ when the experimental units are similar, 

several units may be missing or the experiment is relatively small (n. d.). In addition, 

completely randomized designs are used to study the effects of one primary factor 

without the need to consider extraneous effects or nuisance factors in the design or 

analyzes of data (Engineering Statistics Handbook, 2010) as is the case with this 

retrospective study. Completely randomized design relies on randomization to control for 
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extraneous effects or nuisance factors by assuming that, on average, extraneous factors 

will affect treatment conditions equally; hence any significant differences between 

treatment conditions can be justly attributed to the independent variable (Stat Trek, 

2010). Typically, randomization is performed by computer software programs 

(Engineering Statistics Handbook, 2010); in the case of this study, SAS® 9.2 statistical 

analysis software program was used to randomly assign exam scores to groups.  

The statistical analysis of exam scores comparing Exam 1 2008 to Exam 1 2009 

and Exam 2 2008 to Exam 2 2009 used the independent two samples t-test as the test 

statistic to determine if the “educational intervention instructional method” when 

compared to the “traditional learning approach instructional method” affected learning as 

measured by exam scores.  In addition, the analysis of exam scores from a set of identical 

exam items categorized according to Bloom’s revised taxonomy as: (a) understanding, 

(b) applying, or (c) analyzing aided in determining if exam scores representing either 

instructional method differed depending on Bloom’s revised taxonomy category. In 2008, 

Exam 1 and Exam 2 were administered as a measurement of learning after 

implementation of the “traditional learning approach instructional method.” In 2009, 

Exam 1 and Exam 2 were administered as a measurement of learning after 

implementation of the “educational intervention instructional method.”  

For research question one, the independent variable was method of instruction 

(traditional learning approach or educational intervention) and the dependent variable 

was learning as measured by exam scores.  For research question two, the independent 

variable was method of instruction (traditional learning approach or educational 
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intervention) and the dependent variable was learning as measured by exam scores on 

identical exam items categorized as understanding. For research question three, the 

independent variable was method of instruction (traditional learning approach or 

educational intervention) and the dependent variable was learning as measured by exam 

scores on identical exam items categorized as applying. For research question four, the 

independent variable was method of instruction (traditional learning approach or 

educational intervention) and the dependent variable was learning as measured by exam 

scores on identical exam items categorized as analyzing.  The independent and dependent 

variables for the study are summarized in Table 3.1: 

Table 3.1 

Summary of Independent and Dependent Variables 

Research 
Question 

 
Independent Variable 

 

 
Dependent Variable 

1 Method of instruction (traditional learning 
approach or educational intervention)  

Learning as measured by 
exam scores 

 

2 Method of instruction (traditional learning 
approach or educational intervention) 

 

Learning as measured by 
exam scores for understanding 
items  

3 Method of instruction (traditional learning 
approach or educational intervention) 

 

Learning as measured by 
exam scores for applying 
items 

4 Method of instruction (traditional learning 
approach or educational intervention) 

 

Learning as measured by 
exam scores for analyzing 
items 
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Testing instruments.  Exams 1 and 2, both 50-item multiple-choice formative 

examinations, provided the starting point for developing an instrument to use in 

discovering if a difference in exam scores exists between instructional methods. 

Comparing identical exam items on corresponding exams generated data to detect if 

exam scores differed between students using an “educational intervention instructional 

method” in 2009 and students using a “traditional learning approach instructional 

method” in 2008. The identical exam items found on Exam 1 2008 and Exam 1 2009 

(Appendix B), as well as identical items unique to Exam 2 2008 and Exam 2 2009 

(Appendix B), were taken from each exam and used to create the testing instrument 

served as the data sets for analyses.  

The 50-item multiple-choice exams for Exam 1 in 2008 and 2009 and the 50-item 

multiple-choice exams for Exam 2 in 2008 and 2009 were constructed from a test bank 

dedicated to the intermediate pathophysiology course.  All exam items in the test bank 

were developed or modified by faculty, including the study’s researcher while in the 

faculty role. Some test items drawn from the test bank to construct Exam 1 and Exam 2 in 

2008 and 2009 were repeatedly used from preceding semesters yielding a practical 

measure of reliability, as evidenced by 17 identical items on Exam 1 were used in 2008 

and 2009 and 20 identical exam items were used on Exam 2 in 2008 and 2009.  Besides 

the identical items found on Exam 1 and Exam 2 in 2008 and 2009, there were also 

different items present on each exam.  The items differing between corresponding exams 

resulted from: (a) minor adjustments in module objectives from year to year, (b) piloting 

new test items, and (c) ongoing refinement of items based on previous years’ item 



Texas Tech University, Virginia Ann Utterback, December 2010 

 

57 

 

analyses.  Any exam item that was not presented verbatim on corresponding exams was 

omitted from the data set of identical exam items.  The 50-item multiple-choice exams 

representing Exam 1 and Exam 2 in 2008 and 2009 were written at multiple levels of 

Bloom’s revised taxonomy to include: (a) understanding, (b) applying, and (c) analyzing. 

The two sets of identical exam items were submitted to the expert panel through a 

modified Delphi technique to achieve consensus as to the categorization of each item 

based on Bloom’s revised taxonomy.  

Sample.  The target population for the study was undergraduate junior-level 

nursing students enrolled in an intermediate pathophysiology course in a southwestern 

university. The study examined existing data sets of de-identified exam scores for 

students enrolled in the pathophysiology course in spring 2008 and spring 2009.  The 

total number of students enrolled in the course for 2008 and 2009 had 100% participation 

on Exam 1 and Exam 2. The grade book for 2008 Exam 1 and Exam 2 contained 120 

grades with 120 students enrolled in the course; while the grade book for 2009 Exam 1 

and Exam 2 contained 129 grades with 129 students enrolled in the course.  All students 

enrolled in the course in 2008 and 2009 formed the sampling pool for the study.  

The exam scores were de-identified by students’ names being replaced with a 

randomly assigned number. Using randomly assigned numbers assured each member of 

the population an equal and independent chance of being selected to the group (Gall, Gall 

& Borg, 2010; Hinkle, Wiersma & Jurs, 2003; Engineering Statistics Handbook, 2010; 

Suter, 2006). Randomization was used to select groups from 2009 “educational 

intervention instructional method” population or the 2008 “traditional learning approach 
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instructional method” population.  A sample group was randomly selected by 

computerized randomization using SAS® 9.2 statistical analysis software program from 

the total number of students’ exam scores for each year to create the following groups: 

(a) Exam 1 2008 sample group, (b) Exam 1 2009 sample group, (c) Exam 2 2008 sample 

group, and (d) Exam 2 2009 sample group.   

In 2008, 120 students were enrolled in the course and completed Exam 1 and 

Exam 2.  In 2009, 129 students were enrolled in the course and completed Exam 1 and 

Exam 2.  A sample size of 40 was chosen to allow for a fair test. With this sample size 

number, the mean tends to stabilize and be consistent from sample to sample (sample 

sizes of 30 to 60 per group are typical in educational research (Suter, 2006)). The 2008 

sample for Exam 1 consisted of 40 students randomly selected from 120 students enrolled 

in the course and completing exams. The 2009 sample for Exam 1 consisted of 40 

students chosen at random from 129 students enrolled in the course and completing 

exams. The 2008 sample for Exam 2 consisted of 40 students randomly selected from 

120 students enrolled in the course and completing exams. The 2009 sample for Exam 2 

consisted of 40 students chosen at random from 129 students enrolled in the course and 

completing exams.   

The students enrolled in the pathophysiology course in spring 2008 entered the 

nursing program in summer 2007, while the students enrolled in the pathophysiology 

course in spring 2009 entered the nursing program in summer 2008. To be selected for 

admission to the nursing program, students in both the 2008 group and 2009 group had 

successfully completed pre-requisite courses for the program.  The pre-requisite courses 
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completed at either the university or community college levels included anatomy, 

physiology, chemistry, nutrition, psychology, and statistics as part of a more extensive 

pre-requisite course list. Overall grade-point averages for entering students in both 2008 

and 2009 exceeded 3.5 on a 4.0 scale.   

The southwestern university nursing program was a systematic course of study in 

which students matriculated through the program as a group or cohort based on the 

semester of entry.  During 2008 and 2009, applicants were selected to enter the program 

once a year beginning in the second semester summer session. The program requirements 

and curriculum were held constant for 2008 and 2009 positioning students from both 

groups at the same place in the program prior to enrollment in the pathophysiology 

course.  

Human subjects’ protection.  In order to protect human subjects’ rights, 

institutional review board (IRB) approval was obtained from Texas Tech University 

Health Sciences Center.  The study received an administrative review and has been 

classified as exempt from formal IRB review (Appendix E).  The retrospective study 

examined previously collected data which had been de-identified.  Participants were not 

given notice of Informed Consent.   

Data collection.  The source of data collection consisted of retrospectively 

analyzing exam grades from two exams taken in consecutive years within the 

pathophysiology course. The course grade book served as the reservoir of students’ 

exams grades. Exam grades for Exam 1 and Exam 2 were recorded in the course grade 

book for each student enrolled in the pathophysiology course in 2008 and 2009. Exam 1 
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scores for each student in 2008 and 2009 were taken directly from the corresponding 

grade books and placed in an Excel database for analysis. Exam 2 scores for each student 

in 2008 and 2009 also taken directly from the corresponding grade books were placed in 

a separate Excel database for analysis.   

In addition, data was collected from Excel files of students’ responses to identical 

items from Exam 1 and Exam 2. Identical items on Exam 1 were identified by reviewing 

2008 Exam 1 and 2009 Exam 1; comparison of the exams revealed 17 identical items. 

Identical items on Exam 2 were identified by reviewing 2008 Exam 2 and 2009 Exam 2; 

comparison of the exams revealed 20 identical items. Once identical items were 

identified, each student’s responses to each identical item of Exam 1 and Exam 2 from 

2008 and 2009 were recorded in unique Excel databases.  For Exam 1, each student’s 

responses to the 17 items were recorded in a database for comparison to students’ 

responses in 2009 to the same items on Exam 1. For Exam 2, each student’s responses to 

each of the 20 items were recorded in a database for comparison to students’ responses in 

2009 to the same exam items on Exam 2. The data collected from Exam 1 in 2008 was 

compared to the data collected in 2009 to determine if a difference existed. The data 

collected from Exam 2 in 2008 was compared with the data collected in 2009 to 

determine if a difference existed.   

The students’ exam scores and identical item responses for Exam 1 and Exam 2, 

in years 2008 and 2009, were placed in a de-identified research database.  The documents 

supporting the existing data sets of exam scores exist in electronic and hardcopy forms.  

All documents involved in the study were stored under lock and key.  
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Data analysis.  The research questions were addressed using an independent two 

samples t-test of two randomly selected groups to determine if differences exist between 

exam scores from Exam 1 2008 and Exam 1 2009, as well as Exam 2 2008 and Exam 2 

2009, and whether any discovered difference is statistically significant.  The data analysis 

sought to answer the research questions by comparing the mean of one group with the 

mean of another group to determine the probability that the corresponding population 

means were different.  

The independent two samples t-test was used to accept or reject the null 

hypothesis of two populations, each represented by a sample, having identical means on a 

variable. The test yields a t value calculated from the sample means, standard deviations 

and sample size. The independent two samples t-test required the further assumption of 

homogeneity of variances which was verified through the folded F test. Degrees of 

freedom of the resulting t-distribution from the statistic were n2008 + n2009 – 2.  In the 

cases where homogeneity of variances was violated, Welch’s t-test was used, which uses 

the statistic having an approximate t distribution with degrees of freedom given by the 

Satterthwaite approximation (Welch, 1947).  The two t-tests provided the statistical 

evidence of the data supporting a set of hypotheses. The t-tests statistics were calculated 

by using the formula (Hinkle, Wiersma & Jurs, 2003): 

t  =    x2008  –  x20009  –  (µ2008 - µ2009)     =  
         Estimate of the Standard Error of the 2 Populations 
 

                  x2008     –   x2009                , since under Ho, (µ2008 - µ2009) = 0  
Estimate of the Standard Error of the 2 Populations 
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The t value was converted to a p value and the p value was used to determine whether to 

accept or reject the null hypothesis (2003; Gall, Gall & Borg, 2010).  The level of 

significance for the two-tailed test was 0.05. In educational research, a p value of .05 is 

generally considered sufficient to reject the null hypothesis (2010). 

Limitations 

Limitations of the study can be identified by exploring aspects of external and 

internal validity. External validity refers to how well the findings in a sample can be 

generalized to a larger population and requires randomly selected samples.  If the sample 

taken from the larger population does not fairly represent the population, external validity 

is lacking making generalization to the larger population unachievable (Suter, 2006).   

An experiment is considered internally valid to the extent that conditions and 

procedures establish a control to reduce bias and neutralize potentially contaminating 

influences. A study has internal validly when outcomes can be explained by variation 

introduced by the treatment and show a cause and effect relationship between the 

independent variable and the dependent variable (Suter, 2006).  There are nine sources of 

threats to internal validity: (a) selection, (b) history, (c) maturation, (d) repeated testing, 

(e) instrumentation, (f) regression to the mean, (g) experimental mortality, (h) selection-

maturation interaction, (i) experimenter bias (Campbell, 1969; Campbell & Stanley, 

1963).  

External validity. Convenience sampling is a threat to external validity (Suter, 

2006).  The study compared exam scores for exams in corresponding years and was 

limited to one course within one university; hence, the term “convenience sample.” To 
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overcome this threat to external validity, randomized selection was used to create groups 

from the larger population of exam scores within a particular year and a particular exam.  

Groups were randomly selected from students attending a southwestern university 

enrolled in an intermediate pathophysiology course in 2008 and 2009. External validity 

was increased when groups were randomly selected by computerized randomization to 

form Exam 1 2008 group, Exam 1 2009 group, Exam 2 2008 group, and Exam 2 2009 

group.  Although random selection increased external validity to improve generalizations 

to a larger population, the findings of the study can best be generalized to the students, 

course, and university from which the samples were taken.  Another threat to external 

validity included the point that only one course of study within the southwestern 

university received the educational intervention making it difficult to generalize 

effectiveness of the educational intervention to other courses and other student 

populations.  

Internal validity.  The study was a retrospective analysis of exam grades and has 

threats to internal validly. Of the nine sources of threats to internal validity, the study was 

most vulnerable to threats based on: (a) history, (b) instrumentation, and (c) experimenter 

bias.  The internal validity threat of history occurs when outside events influence subjects 

during the course of the experiment or between repeated measures of the dependent 

variable (Suter, 2006).  This includes influences co-occurring with a treatment between 

test measurements.  The students whose exam scores reflected potential differences 

between groups using the “educational intervention instructional method” and groups 

using the “traditional learning approach instructional method” were also enrolled in 
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related courses with learning activities external to the pathophysiology course but with 

the potential to impact learning within the pathophysiology course.  Required nursing 

courses taken during in the same semester as pathophysiology with strong references to 

pathophysiology include medical-surgical nursing and pharmacology. The influence of 

learning achieved outside the intermediate-level pathophysiology course in related 

nursing courses could potentially influence perceived effectiveness of one instructional 

method over another. Since pathophysiology provides a foundational underpinning of 

nursing concepts, topics in pathophysiology are strongly represented in other courses 

taken simultaneously with the intermediate pathophysiology course.  

The internal validity threat of instrumentation occurs when the reliability of the 

testing instrument used to gauge the dependent variable or manipulate the independent 

variable changes in the course of an experiment (Suter, 2006).  A testing instrument for 

the study was devised in a naturalistic manner using a subset of exam items meeting the 

criterion of identicalness taken from a larger exam. The testing instrument used to 

determine if a difference exists in exam grades between groups using the “educational 

intervention instructional method” and groups using the “traditional learning approach 

instructional method” were a set of identical exam items found in two consecutive exams 

in corresponding years.  Although the identical exam items chosen to serve as the testing 

instrument are consistent between corresponding years, the identical exam items were 

mere formative exam items used to measure knowledge based on exam scores. The exam 

items, as written, were not intended to serve as research material, and so, an internal 

consistency reliability statistic (e. g. Cronbach’s alpha) does not exist for the set of 
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identical items used in the study (Gall, Gall & Borg, 2010). In addition, influences from 

non-identical exam items present on the larger 50-item exam may have impacted the 

answers chosen on the subset of identical items chosen to serve as the testing instrument.  

The internal validity threat of experimenter bias occurs when expectations of an 

outcome by persons conducting the experiment influence the outcome (Suter, 2006).  

Researcher bias was considered a potential threat to internal validity in this retrospective 

study due to multiple influences of the researcher.  Prior to assuming the role of 

researcher for the study, the researcher was in the faculty member role of providing 

course leadership and classroom teaching. The faculty member developed the 

“educational intervention instructional method” in an effort to improve learning within 

the course and constructed the 50-item multiple-choice exam to measure learning from 

which the testing instrument was eventually drafted.  In addition, the researcher crafted or 

modified exams items for both exams used as the testing instrument. A potential bias 

towards the outcomes could exist because the researcher was a faculty member at the 

southwestern university assigned to teach the intermediate pathophysiology course.  The 

faculty member crafted all exams for the course exams during 2008 and 2009 from the 

test bank both prior to implementation of an educational intervention and after 

implementation of an educational intervention.  

Delimitations. The study was delimited to intact groups of students and operated 

under the assumption that students participating in the study were able to read and 

comprehend the measurement test items and answer them as accurately as possible.  

 



Texas Tech University, Virginia Ann Utterback, December 2010 

 

66 

 

Chapter Four 

FINDINGS 

 Chapter four provides the data analysis for the statistical evidence of the 

difference between students using the “educational intervention instructional method” 

and students using the “traditional learning approach instructional method.” The data was 

analyzed using SAS® 9.2 statistical analysis software program with data output providing 

information in tabular form, profile plots and histograms.  The chapter concludes with a 

summary of the data analysis depicting the overall results.  

 Analysis of Data 

 The study was conducted using retrospectively collected data of overall exam 

scores and students’ responses to categorized exam items. The independent variable was 

the instructional method while the dependent variable was learning as measured by either 

overall exam scores or exam scores based on three categories of Bloom’s revised 

taxonomy. The study retrospectively examined the effects of applying the “educational 

intervention instructional method” to one group of students and the “traditional learning 

approach instructional method” to another group of students. Both groups’ performances 

had been previously measured by unique 50-item multiple-choice examinations.    

A group of 120 students took Exam 1 and Exam 2 in 2008 using the “traditional 

learning approach instructional method” and another group of 129 students took similar 

exams in 2009 using the “educational intervention instructional method.” Exam 1, in 

2008 and 2009, contained 17 identical items found in common on both exams.  Similarly 

Exam 2, in 2008 and 2009, contained 20 identical items found in common on both exams. 
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The two groups of identical items appeared on corresponding exams in random order 

between 2008 and 2009.  However, since the retrospectively collected data did not 

include the same students taking an exam before and after the “educational intervention 

instructional method” was applied, the assumption was both populations of students in 

2008 and 2009 represented the same population of entering nursing students at a 

southwestern university.  Even with these restrictions, there is statistical evidence to 

motivate the study and to further investigate the use of the “educational intervention 

instructional method.”   

The overall scores for each student were calculated based on the identified sets of 

questions. The two groups of students were then separately compared across Exam 1 and 

Exam 2 using the following set of hypotheses: 

Ho: There is no difference in exam scores between students using an “educational 
intervention” instructional method (2009) and students using a “traditional 
learning approach” instructional method (2008).  
 
Ha: There is a difference in exam scores between students using an “educational 
intervention” instructional method (2009) and students using a “traditional 
learning approach” instructional method (2008).  

 
Of statistical interest is the set of hypotheses:  
 
 Ho = (µ2008 - µ2009) = 0 

 Ha = (µ2008 - µ2009) ≠ 0  

Where µ2008 and µ2009  were the true means of populations of students in the years 2008 

and 2009. Thus, in order to identify whether the “educational intervention” instructional 

method had a significant improvement on student performance an independent two 

samples t-test based on the students’ exams scores was conducted, as well as Welch’s t-
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test (Fuller, n. d; Welch, 1947) in certain circumstances.  Prior to conducting the t-tests, it 

was important to verify the assumptions of t-test were met by the experimental design 

and the data (Hinkle, Wiersma & Jurs, 2003).  The independent two samples t-test 

requires the following assumptions: (a) independence, (b) homogeneity of variance, and 

(c) normal distribution.  Independence is the assumption that sample observations are not 

influenced by other observations within the sample; hence, samples are independent of 

each other and assumed to be selected from separate and distinct populations (Gall, Gall 

& Borg, 2010; 2003).  In the study, the assumption of independence was understood as a 

student’s earning of a particular exam score was not influenced by or dependent on 

another student’s exam score.  The assumption of homogeneity of variance is calculated 

using the pooled estimate of population variance to determine if the variance for 

population one is equal to the variance for population two and when violated, procedural 

adjustments are made (2003). Normal distribution is the assumption that a statistical 

distribution exists that can be depicted by a mean and a standard deviation and is a set of 

variable data represented by a bell-shaped curve (2010; 2003).  In the study, the 

assumption of normal distribution was not consistently met within the distribution of 

observed exam scores for each sample as demonstrated by histograms depicting the 

distribution of data for Exam 1 2008 (Figure 4.1), Exam 1 2009 (Figure 4.2), Exam 2 

2008 (Figure 4.3) and Exam 2 2009 (Figure 4.4). The distributions of Exam 1 2008 and 

Exam 2 2008 data were slightly non-normal (Figures 4.1, 4.3). However, the assumption 

of normal distribution was lightened since the robustness of t-tests is well-documented in 

statistical literature. The t-test is considered robust against non-normally distributed  
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Figure 4.1 
 

Exam 1 2008 Distribution of Scores 
 

 

 

Figure 4.2 
 

Exam 1 2009 Distribution of Scores 
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Figure 4.3 
 

Exam 2 2008 Distribution of Scores 
 
 

 

Figure 4.4 
 

Exam 2 2009 Distribution of Scores 
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samples (Hinkle, Wiersma & Jurs, 2003).  As previously described in the Data Analysis 

section of Chapter 3, the independent two samples t-test requires the assumption of 

homogeneity of variances verified through the folded F test.  If possible to establish an 

equality of variance, the independent two samples t-test would be conducted with the 

degrees of freedom n2008 + n2009 – 2 for the resulting t-distribution from the test statistic.  

In the cases where homogeneity of variances is violated, the Welch’s t-test provides an 

approximate t distribution with degrees of freedom given by the Satterthwaite 

approximation (Fuller, n. d.; Welch, 1947).  These two t-tests will provide the statistical 

evidence supporting either hypothesis from the set of hypotheses above.   

Research question one. 

Exam 1 overall results. First, an analysis was performed to verify the 

assumptions of the t-test.  Independence was verified by observing the method of 

sampling which used two groups of students entering the nursing program in different yet 

sequential years.  A sample of 40 students’ exam scores was taken from 120 students 

enrolled in the pathophysiology course in 2008 and a sample of 40 students’ exam scores 

was taken from 129 students enrolled in the pathophysiology course in 2009.  The 

students taking the pathophysiology course in spring 2008 entered the program in 

summer 2007 and the student taking the pathophysiology course in spring 2009 entered 

the nursing program in summer 2008.  There were no students from the 2008 group 

repeating the course in the 2009 group. Therefore, no relation between groups was found 

since zero students in 2008 group appeared in the 2009 group. According to the 

assumptions, there are additional test statistics used to compute homogeneity of variances 
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depending on the supporting data. The null hypothesis for equality of variance is as 

follows:  

Ho: For Exam 1 the variances are the same between students in 2008 and 2009. 

Ha: For Exam 1 the variances are different between students in 2008 and 2009.  

From the table below (Table 4.1) the folded F statistic is 1.8 with a p-value of 0.0692.  

Because 0.0692 > 0.05 there was failure to reject the null hypothesis at 95% confidence 

concluding there was significant evidence of equal variance between the students in 2008 

and 2009.  

Table 4.1 

Exam 1 Equality of Variances 

Method Num df Den df F value p value 
 

Folded F 
 

39 
 

39 
 

1.80 
 

0.0692 
 
 Thus from the table below (Table 4.2) the t-test results comparing the groups 

show the t-test for Exam 1 has statistic -6.54 on 78 degrees of freedom with p-value < 

0.0001.  This indicates the need to reject the hypothesis of both groups of students being 

equal.   

Table 4.2 

Exam 1 t-test Results 

Method Variances df t Value   p value  

Pooled Equal 78 -6.54 <.0001 

 
 After establishing a significant difference in students’ performance due to the 

“educational intervention instructional method,” there was a need to determine whether 
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the intervention method was better or worse. This was determined from Table 4.3.  The 

overall mean difference in score between 2008 and 2009 was -2.3250 with a 95% 

Confidence Interval from -3.0331 and -1.6196 corresponding to the rejection of the null 

hypothesis because zero was not contained in the confidence interval.  The overall mean 

difference implied that, on average, the scores of the students taking Exam 1 in 2009 

were higher by 2.325 questions than those of the students taking Exam 1 in 2008 noting 

the 95% confidence interval about the statistic (X2008 – X2009) carried equivalent 

interpretations as the p-value interpretation of t-test. 

Table 4.3 
 
Exam 1 Data Analysis Interpretation 

 

Year Method Mean 95% CI Mean Std Dev 95% CI Std Dev 

2008  11.9750 11.3979 12.5521 7.4396 6.0943 9.5527 

2009  14.3000 13.8703 14.7297 5.5396 4.5378 7.1130 

Diff (1-2) Pooled -2.3250 -3.0331 -1.6169 6.5588 5.6715 7.7778 

 
Exam 2 overall results. From the table below (Table 4.4) the folded F statistic is 

1.82 with a p-value of 0.0644.  Because 0.0644 > 0.05 there was failure to reject the null 

hypothesis at 95% confidence concluding there was significant evidence of equal 

variance between the students in 2008 and 2009.   
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Table 4.4 

Exam 2 Equality of Variances 

Method Num df Den df F value p value  
 

Folded F 
 

39 
 

39 
 

1.82 
 

0.0644 
 

Similarly, Exam 2 has statistic -3.47 on 78 degrees of freedom with p-value 

0.0009 (Table 4.5).  This indicated the need to reject the hypothesis of the populations of 

students being equal between 2008 and 2009 for Exam 2. 

Table 4.5 

Exam 2 t-test Results 

Method Variances df t Value p value  

Pooled Equal 78 -3.47 0.0009 
 

The overall mean difference in score between 2008 and 2009 is -2.5750 with a 

95% confidence interval from -4.0535 and -1.0965 corresponding to the rejection of the 

null hypothesis because zero is not contained in the confidence interval (Table 4.6).  The 

overall mean difference implies that on the average the scores of the students taking 

Exam 2 in 2009 were higher by 2.575 questions than those of the students taking Exam 2 

in 2008 noting the 95% confidence interval about the statistic (X2008 – X2009) carries 

equivalent interpretations as the p-value interpretation of t-test.  In addition, the overall 

mean score for each of the tests are less than zero indicating students in 2009 performed 

better than those in 2008 providing statistically significant evidence the intervention 

method has helped to improve the students' exam scores. 
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Table 4.6 
 
Exam 2 Data Analysis Interpretation 

Year Method Mean 95% CI Mean Std Dev 95% CI Std Dev 

2008  13.1000 11.8929 14.3071 16.8797 13.8272 21.6741 

2009  15.6750 14.7810 16.5690 12.5018 10.2410 16.0527 

Diff (1-2) Pooled -2.5750 -4.0535 -1.0965 14.8529 12.8435 17.6136 
 
Research question one states “Is there a difference between exam scores of 

students using the “educational intervention instructional method” and the “traditional 

learning approach instructional method”?  The null hypothesis was rejected in favor of 

the alternative hypothesis inferring there is a difference in exam scores between students 

using the “educational intervention instructional method” and students using a 

“traditional learning approach instructional method.” The statistical analyses of data 

implies that on the average, exam scores of students taking Exam 1 in 2009 and Exam 2 

in 2009 using the “educational intervention instructional strategy” were higher by 2.325 

and 2.575 questions, respectively, than the exam scores of students using the “traditional 

learning approach instructional method” to prepare for Exam 1 and Exam 2 in 2008.  

Regarding research questions two, three, and four.  Identical items from Exam 

1 2008 and 2009 and identical items from Exam 2 2008 and 2009 generated two sets of 

exam items which have been categorized according to Bloom’s revised taxonomy 

(Appendix B).  The students' overall exam scores were calculated with respect to the 

groupings based on Bloom's revised taxonomy as understanding, applying, or analyzing 
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level items.  The following t-test results compare the groups of exam scores for Exam 1 

and Exam 2 according to each level of Bloom's revised taxonomy.  

Research question two. 

Exam 1 & 2 results by taxonomy category: Understanding. After equality of 

variances was established (Table 4.7 and Table 4.10), the t-test for Exam 1 has the 

statistic -6.92 on 78 degrees of freedom with p-value < 0.0001 (Table 4.8).  This indicates 

the need to reject the hypothesis of both groups of students being equal for the taxonomy 

level of understanding in Exam 1.  Similarly, Exam 2 (Table 4.11) has statistic -3.82 on 

78 degrees of freedom with p-value 0.0003.  This indicates the need to reject the 

hypothesis of both groups of students being equal for the taxonomy level of 

understanding in Exam 2. In addition, the test statistic is negative indicating students in 

2009 performed better than those in 2008 providing statistically significant evidence that 

the “educational intervention instructional method” has helped to improve students' exam 

scores for the taxonomy level of understanding in Exam 1and Exam 2.  Data analysis 

interpretation is summarized in Table 4.9 and Table 4.12.  

Exam 1 Results by Taxonomy, Understanding 
 
Table 4.7 
 
Equality of Variances 

Method Num df Den df F value p value  
 

Folded F 
 

39 
 

39 
 

1.66 
 

0.1171 
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Table 4.8 

 t-Test Results 

Method Variances df t Value p value  

Pooled Equal 78 -6.92 <.0001 
 
Table 4.9 

Data Analysis Interpretation 

Year Method Mean 95% CI Mean Std Dev 95% CI Std Dev 

2008  4.6750 4.2824 5.0676 3.4722 2.8443 4.4585 

2009  6.3750 6.0704 6.6796 2.6938 2.2066 3.4589 

Diff (1-2) Pooled -1.7000 -2.1891 -1.2109 3.1075 2.6871 3.6850 
 
Exam 2 Results by Taxonomy, Understanding 
 
Table 4.10 
 
Equality of Variances 

Method Num df Den df F value p value  
 

Folded F 
 

39 
 

39 
 

1.69 
 

0.1074 
 
Table 4.11 

 t-Test Results 

Method Variances df t Value p value  

Pooled Equal 78 -3.82 0.0003 
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Table 4.12 

Data Analysis Interpretation 

Year Method Mean 95% CI Mean Std Dev 95% CI Std Dev 

2008  2.7000 2.3745 3.0255 2.0356 1.6675 2.6138 

2009  3.4750 3.2242 3.7258 1.5681 1.2845 2.0135 

Diff (1-2) Pooled -0.7750 -1.1794 -0.3706 1.8169 1.5711 2.1546 
 
Research question two states, “Is there a difference between exam scores of 

students using the “educational intervention instructional method” and the “traditional 

learning approach instructional method” when comparing exam items categorized at the 

understanding level of Bloom’s revised taxonomy?” The null hypothesis was rejected in 

favor of the alternative hypothesis inferring there is a difference in exam scores between 

students using the “educational intervention instructional method” and students using a 

“traditional learning approach instructional method” for exam items categorized at the 

understanding level for Exam 1 and Exam 2. Further data analyses infer student exam 

scores were higher for exam scores in 2009 from the “educational intervention 

instructional method” group over the exam scores in 2008 from the “traditional learning 

approach instructional method” group for Exam 1 and Exam 2.    

Research question three. 

Exam 1 & 2 results by taxonomy category: Applying.  After the equality of 

variances was established (Table 4.13 and Table 4.16), the t-test for Exam 1 has the 

statistic -2.95 on 78 degrees of freedom with p-value 0.0042 (Table 4.14).  This indicates 

the need to reject the hypothesis of both groups of students being equal for the taxonomy 
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level of applying in Exam 1. Exam 2 has statistic -0.79 on 78 degrees of freedom with p-

value 0.4339 (Table 4.17).  This indicates the need to reject the hypothesis of both groups 

of students being equal for the taxonomy level of applying in Exam 2. Furthermore, the 

sign of the overall mean score is negative, indicating students in 2009 performed better 

than those in 2008 providing statistically significant evidence the teaching intervention 

method has helped to improve the students' exam scores for Exam 1.  Data analysis 

interpretation is summarized in Table 4.15 and Table 4.18.  

Exam 1 results by taxonomy, Applying. 
 
Table 4.13 
 
Equality of Variances 

Method Num df Den df F value p value  
 

Folded F 
 

39 
 

39 
 

1.40 
 

0.2968 
 
Table 4.14 

 t-Test Results 

Method Variances df t Value p value  

Pooled Equal 78 -2.95 0.0042 
 
Table 4.15 

Data Analysis Interpretation 

Year Method Mean 95% CI Mean Std Dev 95% CI Std Dev 

2008  3.3250 3.1153 3.5347 1.3117 1.0745 1.6842 

2009  3.7250 3.5478 3.9022 1.1082 0.9078 1.4230 

Diff (1-2) Pooled -0.4000 -0.6703 -0.1297 1.2142 1.0500 1.4399 
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However, a statistically significance difference in Exam 2 cannot be made with certainty 

between the samples for Exam 2.  The 95% confidence interval does contain zero which 

corresponds with failing to reject the null hypothesis of both groups of students having 

the same mean scores.  

Exam 2 results by taxonomy, Applying. 
 
Table 4.16 
 
Equality of Variances 

Method Num df Den df F value p value  
 

Folded F 
 

39 
 

39 
 

1.08 
 

0.8071 
 
Table 4.17 

 t-Test Results 

Method Variances df t Value p value  

Pooled Equal 78 -0.79 0.4339 
 
Table 4.18 

Data Analysis Interpretation 

Year Method Mean 95% CI Mean Std Dev 95% CI Std Dev 

2008  6.1250 5.5226 6.7274 5.6509 4.6290 7.2560 

2009  6.4500 5.8708 7.0292 5.4328 4.4503 6.9759 

Diff (1-2) Pooled -0.3250 -1.1475 0.4975 5.5429 4.7930 6.5732 
 

Research question three states, “Is there a difference between exam scores of 

students using the “educational intervention instructional method” and the “traditional 
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learning approach instructional method” when comparing exam items categorized at the 

applying level of Bloom’s revised taxonomy?” The null hypothesis was rejected in favor 

of the alternative hypothesis inferring there is a difference in exam scores between 

students using the “educational intervention instructional method” and students using a 

“traditional learning approach instructional method” for exam items categorized at the 

applying level for Exam 1 and Exam 2. Further data analyses infer student exam scores 

were higher for exam scores in 2009 from the “educational intervention instructional 

method” group over the exam scores in 2008 from the “traditional learning approach 

instructional method” group for Exam 1 but could not be established for Exam 2.  

Research question four. 

Exam 1 & 2 results by taxonomy category: Analyzing. After the equality of 

variances was established (Table 4.19 and Table 4.22), the t-test for Exam 1 has the 

statistic -1.26 on 78 degrees of freedom with p-value 0.2097 (Table 4.2).  This indicates a 

failure to reject the hypothesis of both groups of students being equal for the taxonomy 

level of analyzing in Exam 1. However, Exam 2 has the statistic -5.12 on 61.728 degrees 

of freedom (under the Satterthwaite approximation) with p-value < 0.0001 (Table 4.23).  

This indicates the need to reject the hypothesis of both groups of students being equal for 

the taxonomy level of analyzing in Exam 2. Furthermore, the overall mean difference is 

less than zero indicating students in 2009 performed better than those in 2008 providing 

statistically significant evidence that the teaching intervention method has helped to 

improve the students' exam scores for the taxonomy level of analyzing in Exam 2.  
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Unfortunately, the data is unable to demonstrate a statistical difference in Exam 1 with 

the samples. Data analysis interpretation is summarized in Table 4.21 and Table 4.24.  

Exam 1 results by taxonomy, Analyzing. 

Table 4.19 

Equality of Variances 

Method Num df Den df F value p value  
 

Folded F 
 

39 
 

39 
 

1.68 
 

0.1081 
 
Table 4.20 
 
 t-Test Results 

Method Variances df t Value p value  

Pooled Equal 78 -1.26 0.2097 
 
Table 4.21 
 
Data Analysis Interpretation 

Year Method Mean 95% CI Mean Std Dev 95% CI Std Dev 

2008  3.9750 3.6900 4.2600 1.9928 1.6324 2.5588 

2009  4.2000 3.9803 4.4197 1.5359 1.2581 1.9721 

Diff (1-2) Pooled -0.2250 -0.5792 0.1292 1.7791 1.5384 2.1097 
 

Exam 2 results by taxonomy, Analyzing  
 
Table 4.22 
 
Equality of Variances 

Method Num df Den df F value p value  
 

Folded F 
 

39 
 

39 
 

3.11 
 

0.0006 
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Table 4.23 
 
 t-Test Results 

Method Variances df t Value p value   

Satterthwaite Unequal 61.728 -5.12 <.0001 
 
Table 4.24 

Data Analysis Interpretation 

Year Method Mean 95% CI Mean Std Dev 95% CI Std Dev 

2008  4.2750 3.7681 4.7819 4.1935 3.4351 5.3846 

2009  5.7500 5.4626 6.0374 2.3778 1.9478 3.0532 

Diff (1-2) Satterthwaite -1.4750 -2.0509 -0.8991          -- --         -- 
 

Research question four states, “Is there a difference between exam scores of 

students using the “educational intervention instructional method” and the “traditional 

learning approach instructional method” when comparing exam items categorized at the 

analyzing level of Bloom’s revised taxonomy?” The null hypothesis could not be rejected 

following the statistical analysis of Exam 1 data making it difficult to establish a 

difference between the group means in Exam 1. The null hypothesis was rejected in favor 

of the alternative hypothesis inferring there is a difference in exam scores between 

students using the “educational intervention instructional method” and students using a 

“traditional learning approach instructional method” for exam items categorized at the 

analyzing level for Exam 2. Further data analyses infer student exam scores were higher 

for exam scores in 2009 for the “educational intervention instructional method” group 
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over the exam scores in 2008 from the “traditional learning approach instructional 

method” group in Exam 2 but could not be established for Exam 1.   

Summary of Findings 

 The plots below (Figure 4.5 and 4.6) summarize the analyses of the Bloom’s 

revised taxonomy category and demonstrate the effectiveness of the “educational 

intervention instructional method.”  There is an observed separation that decreases as 

movement occurs along the continuum of item difficulty from understanding to 

analyzing in Exam 1. In Exam 2, the separation between understanding and analyzing 

increases as movement occurs along the continuum of item difficulty from understanding 

to analyzing; however, the separation in the applying category is not enough to overcome 

the standard error to be considered as statistically different.  In Figure 4.5 and Figure 4.6, 

the scores denoted by the asterisked dotted line depicted in red in each plot corresponds 

with the 2009 students’ performance as measured by exam scores and within standard 

errors which remain at least at the 2008 students’ performance or above. The overall 

results indicate students in 2009 had improved exam scores over the exam scores from 

students in 2008 based on a set of identical items from exam categorized according to 

Bloom’s revised taxonomy. 
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Figure 4.5 

Exam 1 Profile Plot 

 

Figure 4.6 

Exam 2 Profile Plot 
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Power Analysis 

Power of a test is defined as the probability of rejecting the null hypothesis when 

the specific alternative hypothesis is true (Hinkle, Wiersma & Jurs, 2003; Park, 2003).  

The power of the test (1-beta) is the probability of correctly rejecting a false null 

hypothesis in favor of an alternative hypothesis. Power calculations can be completed 

prior to beginning an experiment (priori) or retrospectively (post hoc).  There are two 

different aspects of power analysis: (a) to calculate the necessary sample size for a 

specified power (priori) and (b) to calculate the power for a specific sample size (post 

hoc).  A statistically powerful test is typically considered a test with power greater than 

0.8 level (Park, 2003).  

Because the study was a retrospective analysis of previously collected data and 

the sample size fixed at 40, the power analysis was calculated for the power of a specific 

sample size.  SAS® 9.2 was used to calculate the power of the test and produced Figures 

4.7 and 4.8. The specified difference of means in scores of 2.325 with the significance 

level (alpha) of 0.05 and the standard deviation for the difference in means is 6.55 the 

power of the test was equal to 0.346. The acceptable error range of .025 was used in 

determining the range of the data of the two-tailed test. Figure 4.7 reveals that the power 

for the overall t-test on Exam 1 was 0.346. This result can be interpreted to mean the 

probability of rejecting the null hypothesis is 0.346, when the alternative is true.  As 

depicted in Figure 4.8, the acceptable error range for Exam 2 was assumed to be .025 

used to determine the range of the data of the two-tailed test. The true mean difference 

was 2.575 with the standard error for the mean difference equaling 14.85. Thus the power 
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obtained from the power curve was 0.119.   This result can be interpreted to mean the 

probability of failing to reject the null hypothesis when the alternative is true is 0.119.    

In summary, the probability of failing to reject the null hypothesis when the 

alternative is true for Exam 1 was 0.345 and for Exam 2 was 0.119. These levels are 

below 0.8 level expected for a statistically powerful test (Table 4.25). Given the 

motivational nature of this retrospective (post hoc) study, one would not necessarily 

refute these findings due to a lack of sufficient power.  Future studies could be designed 

with statistical power calculation as priori.  

 

Figure 4.7 
 
Power Curve for Exam 1 
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Figure 4.8 

Power Curve for Exam 2 

Table 4.25 

Summary of Power Analyses 

 Difference in Means Calculated Power Statistically 
Powerful 

 
Exam 1 

 
2.325 

 
0.346 

 
no 

 
Exam 2 2.575 0.119 no 
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Chapter Five 
SUMMARY OF FINDINGS, CONCLUSIONS AND 

RECOMMENDATIONS 

Chapter five consists of three sections: (a) summary of findings, (b) conclusions, 

and (c) recommendations for future research. The summary of findings provides an 

overview of the study methodology as well as the findings. The conclusion section 

provides inferences drawn from the data to answer the research questions. The 

recommendation section discusses areas for further research.  

Summary of Findings 

The purpose of the study was to explore the effect of an educational intervention 

based on principles of constructivism on learning by examining the difference between 

exam scores in 2008 using the “traditional learning approach instructional method” and in 

2009 using the “educational intervention instructional method.” In addition to examining 

the overall effect on exam scores from selected exams between 2008 and 2009, the study 

examines the effect of the educational intervention on exam scores for items representing 

three categories of Bloom’s revised taxonomy of the cognitive domain: (a) 

understanding, (b) applying, and (c) analyzing.   

The study was a retrospective analysis of exam scores comparing similar exams in 

corresponding years.  The study examined existing data sets of de-identified exam scores 

for students enrolled in a pathophysiology course in spring 2008 (N=120) and spring 

2009 (N=129).  The source of data for comparison was a set of identical items found on 

corresponding exams.  A rigorous comparison of items from Exam 1 2008 and Exam 1 

2009 yielded 17 identical items in common, while Exam 2 2008 and Exam 2 2009 
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yielded 20 identical items.  After randomly selecting 40 scores from each set of exam 

scores, the overall mean difference was calculated. Subsequently, identical items for 

Exam 1 2008 and 2009 and Exam 2 2008 and 2009 were categorized according to 

Bloom’s revised taxonomy using a panel of experts employing a modified Delphi 

technique. After categorizing items as understanding, applying or analyzing, a 

comparison of exams scores, based on category, was performed to determine if a mean 

difference if a statistically significant mean difference exists between Exam 1 2008 and 

Exam 1 2009, as well as Exam 2 2008 and Exam 2 2009.   

The target population for the study was undergraduate junior-level nursing 

students enrolled in an intermediate pathophysiology course in a southwestern university.  

All exam scores represented students enrolled in the course in 2008 and 2009.  Through 

computerized randomization, 40 students’ exam scores were independently selected to 

form one group whose mean was used to compare with the mean of another 

independently selected group of 40 students’ exam scores.   

After verifying the assumptions of the t-test, the independent two samples t-test 

was conducted on the groups of students’ exam scores, as well as Welch’s t-test where 

indicated.  These tests were used to compare the mean exam scores of the treatment 

group (i. e. 2009 group using the “educational intervention instructional method”) to the 

mean exam scores of the students using the existing instructional method (i. e. 2008 

group using the “traditional learning approach instructional method”).  SAS® 9.2 

statistical analysis software was used for all analyses.  The overall mean difference 

demonstrated that, on average, the scores of the students taking Exam 1 in 2009 were 
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higher by 2.325 questions than those of the students taking Exam 1 in 2008 noting the 

95% confidence interval.  The overall mean difference for the 2009 Exam 2 data implies 

that on the average the scores were higher by 2.575 questions than those of students 

taking Exam 2 in 2008 noting the 95% confidence interval.   

 A comparison of exams scores based on Bloom’s categories of understanding, 

applying or analyzing was completed using the independent two samples t-test and 

Welch’s t-test. The results yielded the following data: (a) exam scores for items written at 

the understanding level for Exam 1 and Exam 2, indicated students in 2009 performed 

better than those in 2008 providing statistically significant evidence the “educational 

intervention instructional method” helped to improve students' exam scores, (b) exam 

scores for items written at the applying level for Exam 1 and Exam 2 inferred students’ 

exam scores were higher for exam scores in 2009 for the “educational intervention 

instructional method” group over the exam scores in 2008 from the “traditional learning 

approach instructional method” group for Exam 1 but could not be established for Exam 

2, and (c) the exam for items written at the analyzing level for Exam 1 and Exam 2 

indicate student exam scores were higher for exam scores in 2009 for the “educational 

intervention instructional method” group over the exam scores in 2008 from the 

“traditional learning approach instructional method” group in Exam 2 but could not be 

established for Exam 1.   

Conclusions 

 Four questions were formulated to investigate the efficacy of an educational 

intervention as an instructional method to improve learning for nursing students within a 
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pathophysiology course.  The “educational intervention instructional method” was 

compared to the “traditional learning approach instructional method” previously used in 

the course. Inferences from the data seek to answer the research questions.  Comparisons 

between exams scores of groups using the “educational intervention instructional 

method” and groups using the “traditional learning approach instructional method” 

provide data to (a) support of the null hypothesis or to (b) reject the null hypothesis in 

favor of an alternative hypothesis.   

Research question one.   

Is there a difference between exam scores of students using the “educational 

intervention instructional method” and the “traditional learning approach instructional 

method”? Inferences made from the data analysis indicated a statistically significant 

difference exists between students using the educational intervention and the traditional 

instructional method.  The null hypothesis was rejected in favor of the alternative 

hypothesis.  Based on the data analysis, the educational intervention was responsible for 

the difference.   

Research question two.   

Is there a difference between exam scores of students using the “educational 

intervention instructional method” and the “traditional learning approach instructional 

method” when comparing only exam items categorized at the understanding level of 

Bloom’s revised taxonomy? The inferences made from analyzing the data indicated a 

statistically significant difference exists between exam scores of students using the 

educational intervention and exam scores of students using the traditional instructional 
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method on items categorized as understanding. The null hypothesis was rejected in favor 

of the alternative hypothesis.  Based on the data analysis, the educational intervention 

was shown to be responsible for the difference.   

Research question three.  

Is there a difference between exam scores of students using the “educational 

intervention instructional method” and the “traditional learning approach instructional 

method” when comparing only exam items categorized at the applying level of Bloom’s 

revised taxonomy? The inferences made from analyzing the data indicated a statistically 

significant difference exists between exam scores of students using the educational 

intervention and exam scores of students using the traditional instructional method on 

items categorized as applying. The null hypothesis was rejected in favor of the alternative 

hypothesis as a statistically significant difference was found in exam scores of groups; 

however, further data analyses suggests exam scores were higher on Exam 1 2009 but the 

same inference could not be established for Exam 2. Based on the data analysis, the 

educational intervention was shown to be responsible for the difference in exam scores 

for Exam 1 only.  

Research question four.  

Is there a difference between exam scores of students using the “educational 

intervention instructional method” and the “traditional learning approach instructional 

method” when comparing only exam items categorized at the analyzing level of Bloom’s 

revised taxonomy? The inferences made from analyzing the data indicated a difference 

exists between Exam 2 scores of students using the educational intervention and exam 
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scores of students using the traditional instructional method on items categorized as 

analyzing. The null hypothesis could not be rejected following the analysis of Exam 1 

data making it difficult to establish a statistically significant difference between the group 

means for Exam 1 2008 and 2009; however, the null hypothesis was rejected in favor of 

the alternative hypothesis for Exam 2. Based on the data analysis, the educational 

intervention was shown to be responsible for the difference in exam scores for Exam 2 

only.  

Overall, the data analyses provides information showing that groups using the  

“educational intervention instructional method” performed better as evidenced by 

answering more items correctly, than groups using the “traditional learning approach 

instructional method.”  Overall, the data analyses suggest that the use of the educational 

intervention is beneficial to improving exam scores for items written at the understanding 

category. However, the benefit of using the educational intervention to improve exam 

scores was limited when considering items written at the applying and analyzing 

categories.  

Recommendations for Future Research  

The recommendations for future research include: (a) repeating the study using 

the educational intervention in another baccalaureate nursing program to verify findings 

through replication in order to test the general applications of the findings of the study 

and (b) extending the study using the educational intervention in different courses with 

different participants.  Each additional study provides a small piece to a much larger 
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puzzle and fits into a larger scheme (Suter, 2006) of understanding the process of 

effectively learning pathophysiology.   

Although the study has examined nursing students’ efforts to learn 

pathophysiology, other subjects within nursing education that depend on textbooks of 

complex material may also benefit from an advanced organizer used in a collaborative 

learning activity.  The study of pharmacology is another subject within a nursing 

curriculum with large volumes of information that students primarily learn from a 

textbook.  Another idea for future research is to use a larger sample from a wider 

population of nursing students and to include students enrolled in a traditional face-to-

face classes and distance learners.   

Summary 

The constructivist approach to the development of the “educational intervention 

instructional method” relied on a combination of educational theories aimed at improving 

students’ learning within a pathophysiology course.  The theoretical approach used to 

create the advanced organizer united different, yet related, theories to produce something 

potentially greater than the sum of its parts as evidenced by an improvement in exam 

scores.  By integrating theories used to support an advanced organizer used in 

collaboration, nursing students may have an additional pedagogical approach to learn 

pathophysiology.  This study provides pathophysiology educators with data to determine 

whether the educational intervention could be an alternative instructional method capable 

of improving student learning.  Additional research is indicated to corroborate the 
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findings and to consider other possible uses and applications of the educational 

intervention.   
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APPENDIX A 
 

Selected samples from the renal system data base of 
advanced organizers created through collaboration by Group 7 in 2009 
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APPENDIX B 
 

Testing Instruments 
 

Identical item set from 2008 Exam 1 and 2009 Exam 1 categorized according 
to Bloom’s revised taxonomy of the cognitive domain  

 

#1.     Exam 1 2008 question 3 is found on Exam 1 2009 as question 1.    
 
Blooms’ revised taxonomy category as determined by the expert panel:  Analyzing  
 
A 60-year-old client complains of substernal pain with radiating discomfort to the left 
neck area which began after mowing the lawn.  The client states the pain is relieved with 
rest and nitrates.  The nurse understands the pain is most likely caused by:  
 

a. Myocardial infarction 
b. Unstable angina 
c. Angina pectoris* 
d. Prinzmetal angina 

#2.    Exam 1 2008 question 4 is found on Exam 1 2009 as question 49.   
 
Blooms’ revised taxonomy category as determined by the expert panel:  Understanding 
 
A 70-year-old client is admitted to the emergency department with a diagnosis of 
myocardial infarction. He asks the nurse to explain the diagnosis.  The nurse’s best 
response is: 
 

a. “A spasm of a coronary artery has caused a temporary decrease in blood supply to 
the heart muscle.” 

b. “The heart rate slowed below 50 beats per minute which has led to a decrease in 
blood supply to the myocardium.” 

c. “A dilatation of the ventricular wall caused a decrease in blood supply which has 
affected the heart muscle.” 

d. “A thrombus had obstructed a coronary artery causing death of myocardial tissue 
distal to the blockage.”* 

#3.    Exam 1 2008 question 9 is found on Exam 1 2009 as question 5.   
 
Blooms’ revised taxonomy category as determined by the expert panel:  Applying 
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A 56-year-old client has aspirated highly acidic gastric contents and has subsequently 
developed acute respiratory distress syndrome with pulmonary edema.  The nurse 
understands the pathophysiology of the client’s respiratory symptoms is most likely the 
result of:  
 

a. Developing a infection 
b. Alveolocapillary damage* 
c. Narrowing of the bronchi 
d. Frequent gastric reflux 

#4.    Exam 1 2008 question 10 is found on Exam 1 2009 as question 33.   
 
Blooms’ revised taxonomy category as determined by the expert panel:  Analyzing 
 
A 44-year-old client arrives at the emergency department with pallor, diaphoresis, 
complaining of heavy pressure in the chest and a feeling of impending doom.  The nurse 
understands this cluster of signs and symptoms correlates most closely to:  
 

a. Acute respiratory distress syndrome 
b. Myocardial ischemia* 
c. Primary pulmonary hypertension 
d. Stable angina 

#5.    Exam 1 2008 question 11 is found on Exam 1 2009 as question 47.   
 
Blooms’ revised taxonomy category as determined by the expert panel:  Applying 
 
The nurse is teaching a 59-year-old client newly diagnosed with emphysema about the 
disease process.  The nurse’s statement which accurately describes the pathophysiology 
of emphysema is: 
 

a. “Hyperactivity of the medium-sized bronchi caused by an inflammatory response 
leads to wheezing and tightness in the chest.” 

b. “Larger than normal air spaces along with the loss of elastic recoil causes air to be 
trapped in the lung and leads to the collapse of airways.”* 

c. “Lungs have fewer and larger alveoli with less functional surface and reduced 
dysplastic capillaries.” 

d. Alveoli are under developed and difficult to inflate resulting from a surfactant 
deficiency.” 

#6.   Exam 1 2008 question 22 is found on Exam 1 2009 as question 38.   
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Blooms’ revised taxonomy category as determined by the expert panel:  Analyzing  

A 79-year-old client in a long-term care facility has been receiving continuous tube 
feedings.  The nurse notices the client has developed a fever of 102° F and a cough with 
tan sputum similar to the color of the feedings.  The nurse suspects the client has: 

a. Atelectasis 
b. Bronchitis 
c. Pulmonary embolism 
d. Pneumonia* 

#7.    Exam 1 2008 question 36 is found on Exam 1 2009 as question 14.   

Blooms’ revised taxonomy category as determined by the expert panel:  Understanding  

The nurse is caring for a 9-year-old client with Kawasaki Disease.  The nurse understands 
the symptom of the disease which creates the greatest risk to the child is: 
 

a. Fever 
b. Lymphadenopathy 
c. Coronary artery aneurysm* 
d. Desquamation of palms and soles 

#8.   Exam 1 2008 question 19 is found on Exam 1 2009 as question 10.   

Blooms’ revised taxonomy category as determined by the expert panel:  Understanding  

A 44-year-old client is diagnosed with active tuberculosis.  Which symptoms does the 
nurse expect the client will exhibit? 
 

a. Chest pain and lower back pain 
b. Fatigue, fever, night sweats* 
c. Fever greater than 104° F with cough 
d. Headache and photophobia 

#9.   Exam 1 2008 question 31 is found on Exam 1 2009 as question 11.  

Blooms’ revised taxonomy category as determined by the expert panel:  Analyzing 

A 66-year-old client in chronic respiratory acidosis caused by end-stage chronic 
obstructive pulmonary disease (COPD) had oxygen delivered at 1L/min per nasal 
cannula.  The nurse teaches the family that the reason for this level of supplemental 
oxygen is to avoid respiratory depression.  The best explanation the nurse gives is: 
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a. COPD clients depend on a low oxygen level* 
b. COPD clients depend on a low carbon dioxide level 
c. COPD clients tend to retain hydrogen ions if they are given high doses of oxygen 
d. COPD clients thrive on a high oxygen level 

#10.   Exam 1 2008 question 32 is found on Exam 1 2009 as question 12.   

Blooms’ revised taxonomy category as determined by the expert panel:  Understanding 

The nurse knows the symptom most characteristic of a client with lung cancer is: 

a. Exertional dyspnea 
b. Persistent cough* 
c. Air hunger 
d. Night sweats 

#11.    Exam 1 2008 question 45 is found on Exam 1 2009 as question 18.   

Blooms’ revised taxonomy category as determined by the expert panel:  Understanding 

A 45-year-old client is admitted to the emergency department with blurred vision, 
headache, 4+ edema of the feet and blood pressure of 198/112.  Which type of 
hypertension is used to describe persistently elevated blood pressure with an unknown 
cause? 
 

a. Accelerated hypertension 
b. Malignant hypertension 
c. Primary hypertension* 
d. Secondary hypertension 

#12.    Exam 1 2008 question 39 is found on Exam 1 2009 as question 17.   

Blooms’ revised taxonomy category as determined by the expert panel:  Understanding 

A 43-year-old client is admitted to the emergency department with an abdominal aortic 
aneurysm.  The nurse knows the most common cause is: 
 

a. Atherosclerosis* 
b. Hypertension 
c. Abdominal trauma 
d. Diabetes mellitus 

#13.   Exam 1 2008 question 40 is found on Exam 1 2009 as question 24.   
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Blooms’ revised taxonomy category as determined by the expert panel:  Applying  

A 49-year-old client recently diagnosed with cor pulmonale asks the nurse to explain the 
disease development.  The nurse’s best explanation is: 

a. “The disease developed in response to increased pressure from left-sided 
ventricular failure.” 

b. “This developed as pulmonary hypertension created pressure in the right 
ventricle.”* 

c. “The condition developed as pressure decreased in the right ventricle causing 
hypertrophy of the myocardium.” 

d. “The left ventricle has hypertrophied in response to an increase in pulmonary 
artery pressures.” 

#14.   Exam 1 2008 question 44 is found on Exam 1 2009 as question 26.   

Blooms’ revised taxonomy category as determined by the expert panel:  Understanding 

The nurse knows that hypersecretion of mucous stimulated by inspired irritants causing 
increases in size and number of goblet cells in the airway epithelium is indicative of: 
 

a. Atelectasis 
b. Asthma 
c. Chronic bronchitis* 
d. Emphysema  

#15.   Exam 1 2008 question 47 is found on Exam 1 2009 as question 21.   

Blooms’ revised taxonomy category as determined by the expert panel:  Applying  

The nurse is explaining the role of high density lipoproteins (HDL) in the body to a client 
whose levels are low.  The nurse’s best explanation is: 
 

a. “A low HDL is desirable because it means your cholesterol is staying at a low 
level.” 

b. “HDL transports triglycerides to the subcutaneous tissue for deposition and a low 
level means transport is effective.” 

c. “HDL removes cholesterol from the endothelium and provides protection against 
heart disease.”* 

d. “HDL is considered the ‘bad’ lipoprotein and decreased levels are associated with 
heart disease.”  

#16.  Exam 1 2008 question 48 is found on Exam 1 2009 as question 40.   
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Blooms’ revised taxonomy category as determined by the expert panel:  Understanding 

The nurse is describing the etiology of atherosclerosis to a client recently diagnosed with 
the disease.  The nurse’s best explanation is: 
 

a. “Chronic inflammation is the main feature of atherosclerosis.”* 
b. “Atherosclerosis is the result of ruptured plaque and thrombosis formation.” 
c. “Atherosclerosis is the result of high levels of high density lipoproteins.” 
d. “The C-reactive protein is a specific indicator of the development of 

atherosclerosis.” 

#17.  Exam 1 2008 question 7 is found on Exam 1 2009 as question 3.   

Blooms’ revised taxonomy category as determined by the expert panel:  Analyzing  

A 70-year-old is admitted to the emergency department with distended neck veins, large 
rounded abdomen, palpable liver border and 4+ pitting edema of the feet.  The nurse 
knows these signs are suggestive of: 
 

a. Chronic obstructive pulmonary disease 
b. Acute liver dysfunction 
c. Right-sided heart failure* 
d. Left-sided heart failure 
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Identical item set from 2008 Exam 2 and 2009 Exam 2 categorized according 
to Bloom’s revised taxonomy of the cognitive domain  

 
#1.  Exam 2 2008 question 1 is found on Exam 2 2009 as question 1.    

Blooms’ revised taxonomy category as determined by the expert panel:  Analyzing  

The nurse is obtaining a health history on a 36-year-old client who reports an increase in 
appetite, weight loss, intolerance to heat and nervousness.  The physical assessment 
reveals thin hair, moist skin, and a bulge-like protrusion on the anterior neck lateral to 
midline.  Based on this information, the nurse would suspect: 
 

a. Hypothyroidism 
b. Hyperthyroidism* 
c. Hypoparathyroidism 
d. Hyperparathyroidism 

#2.    Exam 2 2008 question 3 is found on Exam 2 2009 as question 2.   

Blooms’ revised taxonomy category as determined by the expert panel:  Analyzing  

A 55-year-old male is admitted to the emergency department with heart palpitations, 
severe headache, diaphoresis, and vital signs:  BP = 248/128, P = 118, R = 22, T = 102° 
F.  The nurse suspects the clients is experiencing: 
 

a. Pheochromocytoma* 
b. Hyperthyroidism 
c. Hyperaldosteronism 
d. Cushing’s Syndrome 

#3.   Exam 2 2008 question 5 is found on Exam 2 2009 as question 3.   

Blooms’ revised taxonomy category as determined by the expert panel:  Applying  

A client with exophthalmos as a result of Grave’s disease has expressed a desire for the 
medications to “hurry up and work so that my eyes will go down.”  The nurse’s best 
response is: 
 

a. “Reversal of exophthalmos occurs after surgical removal of the thyroid gland.” 
b. “Reduction of exophthalmos occurs after treatment with ophthalmic 

medications.” 
c. “Changes in the eyes as a result of Grave’s disease are not reversible.”* 
d. “Exophthalmos is only a temporary symptom and resolves spontaneously.” 
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#4.   Exam 2 2008 question 6 is found on Exam 2 2009 as question 4.   

Blooms’ revised taxonomy category as determined by the expert panel:  Understanding 

A nursing student is preparing to assess a 46-year-old female client with acromegaly.  
The clinical manifestations the student anticipates observing includes:  
 

a. Facial hair, virilization 
b. Nervousness, slurred speech 
c. Enlarged tongue, elongated jaw* 
d. Myxedema, lethargy 

#5.   Exam 2 2008 question 7 is found on Exam 2 2009 as question 5.   

Blooms’ revised taxonomy category as determined by the expert panel:  Understanding  

The nurse is reviewing the chart of a client recently diagnosed with syndrome of 
inappropriate antidiuretic hormone secretion (SIADH).  Which clinical finding is most 
indicative of this disease? 
 

a. Blood glucose = 326 mg/dL 
b. Nervousness and diaphoresis 
c. Weight gain of 7 lbs. in 24-hours* 
d. Sodium = 160 mEg/L 

#6.    Exam 2 2008 question 8 is found on Exam 2 2009 as question 6.  

Blooms’ revised taxonomy category as determined by the expert panel:  Analyzing  

A 38-year-old client is admitted to the medical/surgical unit with polyuria and polydipsia.  
The client also complains of continuous thirst and nocturia.  The laboratory findings 
show the blood glucose = 80 mg/dL and urine specific gravity = 1.000.  The nurse 
anticipates a diagnosis of: 
 

a. Diabetes mellitus, type 1 
b. Diabetes mellitus, type 2 
c. Diabetes insipidus* 
d. Gestational diabetes 

#7.    Exam 2 2008 question 11 is found on Exam 2 2009 as question 7.  

Blooms’ revised taxonomy category as determined by the expert panel:   Applying  
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The nurse is evaluating the effectiveness of a diabetic teaching plan.  The best indicator 
that the plan was successful is if the client: 
 

a. Maintains blood glucose levels between 180-215 mg/dL 
b. Denies episodes of confusion and hypoglycemia 
c. Reports following the diabetic diet faithfully every day 
d. Has a glycosylated hemoglobin level between 4-8.*  

#8.   Exam 2 2008 question 12 is found on Exam 2 2009 as question 8.   

Blooms’ revised taxonomy category as determined by the expert panel:  Applying  

A 44-year-old client recently diagnosed with hypothyroidism is admitted to a medical 
unit.  The nurse reviewing the chart understands the finding most consistent with this 
diagnosis is: 
 

a. Apical pulse = 112 bpm 
b. Body temperature = 96 F* 
c. Decreased thyrotropin (TSH) levels 
d. Increased radioactive iodine uptake levels 

#9.   Exam 2 2008 question 13 is found on Exam 2 2009 as question 9.   

Blooms’ revised taxonomy category as determined by the expert panel:  Applying  

The nurse is preparing to discuss the complications of diabetes with the mother of a 5-
year-old recently diagnosed with type 1 diabetes mellitus.  The nurse knows the most 
beneficial action to delay the onset of microvascular and macrovascular complications 
include: 
 

a. Controlling hyperglycemia* 
b. Preventing hypoglycemia 
c. Monitoring insulin usage 
d. Preventing diabetic ketoacidosis 

#10.    Exam 2 2008 question 14 is found on Exam 2 2009 as question 10.   

Blooms’ revised taxonomy category as determined by the expert panel:  Analyzing 

Which assessment finding in a client with diabetes mellitus indicates the disease is 
damaging the kidneys? 

a. Presence of ketone bodies in the urine during acidosis 
b. Presence of glucose in the urine during hyperglycemia 
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c. Presence of albumin in the urine during a random urinalysis* 
d. Presence of white blood cells in the urine during a random urinalysis 

#11.    Exam 2 2008 question 15 is found on Exam 2 2009 as question 11.   

Blooms’ revised taxonomy category as determined by the expert panel:  Analyzing  

A 56-year-old client with Addison’s disease is admitted to a medical unit experiencing an 
Addisonian crisis.  Which life-threatening complication does the nurse carefully monitor? 
 

a. Increased sodium levels 
b. Increased cortisol levels 
c. Severe hypotension* 
d. Severe hypertension 

#12.    Exam 2 2008 question 17 is found on Exam 2 2009 as question 12.   

Blooms’ revised taxonomy category as determined by the expert panel:  Applying  

A client with type 1 diabetes mellitus experiences hunger, lightheadedness, tachycardia, 
pallor, headache, and confusion.  The nurse understands the most probable cause of these 
symptoms is: 
 

a. Hyperglycemia 
b. Dawn phenomenon 
c. Hypoglycemia* 
d. Somogyi effect 

#13.    Exam 2 2008 question 18 is found on Exam 2 2009 as question 13.   

Blooms’ revised taxonomy category as determined by the expert panel:  Applying  

The nurse is explaining long-term complications to a client with type 2 diabetes mellitus.  
The nurse discusses the role of atherosclerosis in the development of complications.  The 
best explanation is:  
 

a. “Diabetes accelerates atherosclerosis.”* 
b. “The etiology of atherosclerosis is hyperglycemia.” 
c. “Atherosclerosis plays an insignificant role in diabetes.” 
d. “Atherosclerosis is a rare consequence of diabetes.” 

#14.  Exam 2 2008 question 19 is found on Exam 2 2009 as question 14.    
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Blooms’ revised taxonomy category as determined by the expert panel:  Understanding  

The nurse would expect the thyroid-stimulating hormone (TSH) level in a client recently 
diagnosed with hypothyroidism to be: 
 

a. Decreased 
b. Elevated* 
c. Responsible for low basal metabolism 
d. The course of lethargy 

#15.   Exam 2 2008 question 21 is found on Exam 2 2009 as question 50.   

Blooms’ revised taxonomy category as determined by the expert panel:  Analyzing  

The nurse is performing a physical assessment on a 58-year-old client.  The findings 
include boggy swelling of the eyes, face, hands, and feet.  The nurse understands these 
findings correlate with myxedema.  Which diagnosis does the nurse suspect? 
 

a. Cushing’s disease 
b. Primary hypothyroidism* 
c. Thyrotoxicosis 
d. Addison’s disease 

#16.   Exam 2 2008 question 22 is found on Exam 2 2009 as question 15.   

Blooms’ revised taxonomy category as determined by the expert panel:  Analyzing  

A 48-year-old client is seen in a community clinic concerned about excessive weight 
gain.  The nurse assesses truncal obesity, a round moon-like face, and an enlarged fat pad 
covering the upper spine. The nurse understands the findings are consistent with: 
 

a. Excessive secretions aldosterone 
b. Hypercortisolism* 
c. Destruction of beta cells 
d. Abnormally low levels of parathyroid hormone 

#17.   Exam 2 2008 question 23 is found on Exam 2 2009 as question 16.   

Blooms’ revised taxonomy category as determined by the expert panel:  Applying  

A client newly diagnosed with type 2 diabetes mellitus asks the nurse to explain the 
disease.  The nurse’s best response is: 
 



Texas Tech University, Virginia Ann Utterback, December 2010 

 

119 

 

a. “There is a resistance to insulin by insulin-sensitive tissues.”* 
b. “There is a reduction in insulin receptors on the surface of cells.” 
c. “There is an increased glucogon secretion from alpha cells of the pancreas.” 
d. “There are insulin autoantibodies that destroy beta cells in the pancreas.” 

#18.    Exam 2 2008 question 24 is found on Exam 2 2009 as question 17.   

Blooms’ revised taxonomy category as determined by the expert panel:  Applying  

In educating a client diagnosed with diabetes insipidus, the nurse explains that the 
disorder results from: 
 

a. Antidiuretic hormone (ADH) hyposecretion* 
b. Antidiuretic hormone (ADH) hypersecretion 
c. Insulin hyposecretion 
d. Insulin hypersecretion  

#19.  Exam 2 2008 question 47 is found on Exam 2 2009 as question 18.   

Blooms’ revised taxonomy category as determined by the expert panel:  Applying  

A client with Cushing’s syndrome is admitted to a medical-surgical unit.  The nurse 
understands the client will require frequent assessment of: 
 

a. Calcium levels 
b. Blood pressure* 
c. Fatigue level 
d. Edema 

#20.   Exam 2 2008 question 48 is found on Exam 2 2009 as question 19.   

Blooms’ revised taxonomy category as determined by the expert panel:  Understanding  

The nurse understands the clinical manifestations of hypothyroidism are: 

a. Intolerance to heat, tachycardia, and weight loss 
b. Oligomenorrhea, fatigue, and warm skin 
c. Restlessness, increased appetite, and metrorrhagia 
d. Constipation, decreased heart rate, and lethargy* 
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APPENDIX C 
 

Group Process Reflection Questionnaire 
 

 
Group Process Reflection Questionnaire 
 
 
Our team managed our time effectively. 
1----------------2---------------3------------------ 4 ----------------5 
Yes                          Somewhat                                      No 
 
We approached the task in a collaborative and cooperative way. 
1----------------2---------------3------------------ 4 ----------------5 
Yes                          Somewhat                                      No 
 
We used appropriate and effective decision making strategies. 
1----------------2---------------3------------------ 4 ----------------5 
Yes                          Somewhat                                      No 

All team members contributed equally. 
1----------------2---------------3------------------ 4 ----------------5 
Yes                          Somewhat                                      No 
 
The strategy we developed to approach the task was effective. 
1----------------2---------------3------------------ 4 ----------------5 
Yes                          Somewhat                                      No 
 
Additional comments and observations: 
 
 
 
 
Positives: 
 

Negatives: 
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APPENDIX D 

IRB Approval  
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