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ABSTRACT 

NICOLE ELENA SMITH  

MEASUREMENT OF INTRINSIC COGNITIVE LOAD AND MENTAL EFFORT IN PRE-

LICENSURE BACCALAUREATE NURSING STUDENTS: A FOCUS ON 

INSTRUCTIONAL DESIGN IN THE SYNCHRONOUS ONLINE CLASSROOM 

Under the direction of DR. TAMMY BARBÉ, PhD, RN, CNE 

 

 One of the most significant challenges in nursing education is identifying effective 

approaches to teach the foundational knowledge of nursing. Students are often overwhelmed by 

instruction. It is important for educators to explore how instructional design strategies and 

student characteristics impact learning. Based on the cognitive load theory, all instructional 

designs should be analyzed from a cognitive load perspective. The purpose of this study was to 

examine how instructional design strategies, influenced by the principles of the cognitive load 

theory, affect the cognitive load and mental effort of pre-licensure baccalaureate nursing (BSN) 

students in the United States. 

 This study used a two-within repeated-measures design examining students' perceived 

mental effort and intrinsic cognitive load while controlling for prior knowledge (N = 39). There 

were two within-factors with two levels [complexity: simple and complex; and instructional 

strategy: cooperative learning (CPL) and cooperative learning with a problem-based component 

(CPL + PBL)]. All participants experienced a short lecture, then completed the Paas scale and 

Cognitive Load Rating Scale (CLRS) subscale for intrinsic load after engaging in a simple CPL 

or CPL + PBL activity followed by a complex CPL or CPL + PBL activity.  

 In both cases, the simple activities required slightly more mental effort and intrinsic 

cognitive load when compared to the complex activities. The CPL + PBL instructional strategy 



 xiv 

required slightly less mental effort (Paas) and intrinsic load (CLRS) when compared to CPL. As 

content became more complex, the CPL + PBL strategy resulted in lower perceived mental effort 

and intrinsic cognitive load. However, differences were practically and statistically insignificant. 

Preliminary evidence suggests that when tasks are complex, the CPL + PBL strategy may 

be more impactful in its effect on mental effort and cognitive load. Further research is warranted 

to examine the potential of the novelty effect and total cognitive load while including student 

characteristics such as prior knowledge as a control variable. Building support for effective 

instructional design strategies that consider students’ cognitive load has the potential to improve 

pedagogical practices in nursing education leading to a better-prepared nurse graduate and 

improved patient outcomes.  
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CHAPTER 1 

INTRODUCTION TO STUDY 

 Undergraduate nursing education facilitates formal educational preparation intended to 

prepare students for the nursing licensure exam and entry into clinical practice. The academic 

environment, composed of classroom and clinical experiences where students acquire a set of 

knowledge, skills, and attitudes, builds the foundation for clinical practice (Chen et al., 2014). 

Therefore, the ultimate goal of undergraduate nursing education is to prepare students for 

practice by creating an environment of instruction where learning is optimized (Chen et al., 

2014). 

 A key role of an educator is to facilitate learning (Aldridge & Hummel, 2019). Educators 

exert significant influence on student learning by modeling behavior, selecting learning theories, 

and implementing effective instructional design (Braungart & Braungart, 2008). Additionally, 

the leveling of content within the curriculum is a significant factor in student learning. Leveling 

of content is essential to ensure course objectives align with the end-of-program outcomes and 

helps to ensure the total body of knowledge and skills expected are included in the curriculum 

plan (Keating, 2011). Too much content in the curriculum can overwhelm the student 

(Diekelmann et al., 2005; Diekelmann & Smythe, 2004), conversely too little content has the 

potential to inadequately prepare the nursing student for clinical practice. Balancing the amount 

of content nursing students receive is one of the many challenges nurse educators face. 

 Using the curriculum, educators facilitate learning through instructional design, which 

includes the selection of instructional theories with prescribed strategies that are used to organize 

and present information to the student (Smith & Ragan, 1996; Sweller et al., 1998). Instructional 

design and associated instructional design strategies are used to help students learn curricular 
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content and reach intended learning and program outcomes (Ragan & Smith, 1994). It is 

essential that educators evaluate instructional design strategies for effectiveness on learning 

because ineffective instructional design strategies can hinder students’ ability to learn (Chen et 

al., 2014; Hessler & Henderson, 2013; Ragan & Smith, 1994; Sweller et al., 1998; Waltz et al., 

2014).  

 Historically, educators have used learning theories such as constructivism, behaviorism, 

cognitivism, and experientialism and applied these theories to a number of instructional design 

strategies (Candela, 2016). Learning theories support instructional design and guide an 

educator’s selection of instructional design strategies (Candela, 2016; Ertmer & Newby, 1993). 

While some of the historically used theories mention students' existing cognitive architecture, 

they fail to emphasize the association of how educators present information otherwise described 

as the instructional design strategy.  

 More recently, the cognitive load theory (CLT) emerged in education and psychology 

literature as an effective theory that provides guidelines intended to assist with instructional 

design and associated strategies (Sweller et al., 1998). The cognitive load theory was originally 

developed in the 1980s and has progressed over the years; within the past decade, the theory has 

been applied in health professions’ education (Van Merriënboer & Sweller, 2010). The CLT 

serves as a much needed complement to well established learning theories as the theory can 

assist educators with selecting strategies that encourage student participation and promote 

intellectual performance to support cognition (Sweller et al., 1998). Furthermore, the cognitive 

load theory may help educators evaluate the effectiveness of instructional design strategies on 

student learning.  
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Statement of the Problem 

 While nursing education has transformed over centuries, professionals in the discipline 

continue to evaluate educational practices of teaching, learning, and professional preparation. 

Professionals evaluate nursing students’ learning outcomes using metrics such as performance on 

course exams, skills exams, standardized tests, clinical performance, and nursing licensure pass 

rates. New graduates are evaluated for their ability to provide safe and competent care. However, 

evidence indicates health profession students often feel their education has not prepared them for 

the workplace (Institute of Medicine, 2018); and the majority of new graduate nurses are not 

prepared for practice (del Bueno, 2005; Kavanagh & Szweda, 2017).  

 In the 21st century, there remains a need for radical transformation of nursing education 

as the demand to produce graduates that are able to be successful in the practice setting has never 

been greater (Caputi & Kavanagh, 2018). One of the most significant challenges in nursing 

education is identifying effective approaches to teach the foundational knowledge of nursing. 

Additionally, nurse educators are challenged to find ways to help students learn to apply 

knowledge effectively in professional practice (Benner et al., 2010) with the ability to self-

monitor their own practice (Forneris & Fey, 2021).  

 Professional nursing organizations, such as the National League for Nursing and 

American Association of Colleges of Nursing, encourage scholars and researchers to continue 

building the science of nursing education (AACN, 2019; NLN, 2018). The NLN calls on 

educators to use best teaching practices based on reliable evidence to facilitate learning (NLN, 

2018). While nurse educators have expanded their repertoire of instructional design strategies in 

the classroom and have included the use of active learning strategies, there is a significant gap in 

the nursing education literature related to the effectiveness of such strategies (Waltz et al., 2014). 
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Additionally, nursing literature is relatively void of studies that consider how students’ existing 

cognitive architecture is affected by the use of various instructional design strategies.  

 The classroom environment can pose many obstacles for today’s nursing students 

including content-laden curricula and emphasis on testing (Kaylor, 2014). The scaffolding of 

nursing content and classroom learning environments demand large amounts of mental effort, 

and students are often overwhelmed by instructional design (Kaylor, 2014). Therefore, it is 

important for educators to consider how instructional design strategies affect cognition by 

measuring the cognitive load to include the mental effort of students. Building faculty expertise 

in instructional designs that help learners reach higher levels of learning is essential (Forneris & 

Fey, 2021). By measuring cognitive load, educators may be able to determine how instructional 

design strategies and student characteristics impact learning (Leppink et al., 2013). After all, 

learning is a cognitive psychological process (Alexander et al., 2009; Braungart & Braungart, 

2008; Dandy & Bendersky, 2014) that is based on theoretical principles. If an instructional 

design strategy does not consider the cognitive effects, learning may be hindered, and more 

importantly, a student's readiness for practice may be negatively impacted.  

Instructional Design Strategies 

 Lecturing, which dates back to the 14th century, is the most commonly used instructional 

design strategy in the traditional classroom (Mazer & Hess, 2017; Sciullo, 2017). However, 

educators and researchers continue to debate and examine the effects of lecturing on student 

learning outcomes as they are called upon to incorporate additional instructional strategies 

(Ironside, 2015; Mazer & Hess, 2017). Although lecturing has been slightly modified over the 

years to include audio-response clickers, small-group discussions, case-studies, and more active 

learning strategies, it continues to be the predominant strategy used in large university 
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classrooms (Kramer, 2017). As educators include multiple instructional strategies in their 

repertoire, it is important that they evaluate the effectiveness of those instructional strategies 

(Hattie, 2015; Ironside, 2015). Student characteristics, learning tasks, and context for learning 

are unique (Ragan & Smith, 1994) and should be considered for each discipline and learning 

environment. Therefore, educators should develop and find evidence for what works best for 

their students (Hattie, 2015).  

Instructional Design 

 Nurse educators use instructional design principles when designing instructional 

strategies. Formally trained instructional designers help individuals and organizations expedite 

learning processes through a deliberate use of strategies, resources, and technologies 

(International Board of Standards for Training, Performance, and Instruction, 2021). However, 

many nurse educators lack instructional design knowledge or resources (Krouse, 2015), such as 

individualized assistance from an instructional designer.  

 The effects of various instructional design strategies on nursing students’ cognitive load 

are unknown. To date, there is a minimal number of published research studies in nursing that 

directly measure the components of the cognitive load or mental effort using the cognitive load 

theory’s valid reliable rating scales (Hessler & Henderson, 2013; Hsieh et al., 2016; Josephsen, 

2018; Schlairet et al., 2015). Additionally, nursing researchers who measured the cognitive load 

in their respective studies have minimally applied the key principles of the theory to their 

intervention.  
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Purpose of the Study 

 The purpose of this study was to examine how instructional design strategies, influenced 

by the principles of the cognitive load theory, affect the cognitive load (including mental effort) 

of pre-licensure baccalaureate nursing (BSN) students in the United States. 

Research Questions 

1. What are the relationships among student characteristics, prior knowledge, perceived 

mental effort, and intrinsic cognitive load? 

2. To what degree does lesson complexity and instructional strategies (cooperative learning 

and cooperative learning with a problem-based learning component) impact mental 

effort; when accounting for prior knowledge?  

2a. To what degree does lesson complexity (simple or complex) affect mental 

effort when accounting for prior knowledge? 

2b. To what degree does the instructional strategy (cooperative learning and 

cooperative learning with a problem-based component) affect mental effort when 

accounting for prior knowledge? 

2c. To what degree is there an interaction between lesson complexity and the 

instructional strategy? 

3. To what degree does lesson complexity and instructional strategies (cooperative learning 

and cooperative learning with a problem-based learning component) impact perceived 

intrinsic load; when accounting for prior knowledge?  

3a. To what degree does lesson complexity (simple or complex) affect perceived 

intrinsic load when accounting for prior knowledge? 
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3b. To what degree does the instructional strategy (cooperative learning and 

cooperative learning with a problem-based component) affect perceived intrinsic 

load when accounting for prior knowledge? 

3c. To what degree is there an interaction between lesson complexity and the 

instructional strategy?  
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Conceptual Framework 

Figure 1 

Conceptual Framework 

 

Note. Adapted with permission from the National League for Nursing, Washington, DC. 

 The cognitive load theory focuses on an educators’ instructional design method, the 

associated instructional design strategies, and the effect on students’ cognitive load. Therefore, 

the conceptual framework for this study as shown in Figure 1 was informed by an instructional 

design perspective. The conceptual framework for the study was adopted from the NLN Jeffries’ 

simulation theory and adapted with permission from the National League for Nursing and Dr. 
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Pamela Jeffries for the study (Jeffries, 2016). The conceptual framework incorporates three 

theories, including the NLN Jeffries’ simulation theory (Jeffries, 2016), the constructivist theory 

(Ültanir, 2012), and the cognitive load theory (Sweller, 2016a). The visual depiction of the NLN 

Jeffries’ simulation theory informed the development of this conceptual framework. The 

framework and terms from Jeffries’ (2016) theory were adapted with permission to include 

fundamental concepts from the constructivist theory, the cognitive load theory, and the study’s 

design. Concepts and study variables identified in each research question are represented in the 

framework.  

NLN Jeffries’ Simulation Theory  

 Jeffries’ theory depicts the context and structure for effective instructional design using 

simulation as the instructional design strategy. While simulation was not the instructional design 

strategy used in this study, the Jeffries’ theory is a nursing based instructional design theory that 

aligned with the goals and structure of this research study. Additionally, Jeffries’ visual 

framework is an excellent example of the use of instructional design in nursing education 

(Krouse, 2015).  

 Jeffries’ current simulation theory was informed by the seminal work of Chickering and 

Gamson (1987). More than 20 years ago, Jeffries developed a process model based on 

Chickering and Gamson’s (1987) seven principles of good practice in undergraduate education. 

The seven principles (Chickering & Gamson, 1987, p. 2) include: 

1. Encouraging contact between students and faculty. 

2. Developing reciprocity and cooperation among students. 

3. Using active learning techniques.  

4. Giving prompt feedback. 
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5. Emphasizing time on task. 

6. Communicating high expectations.  

7. Respecting diverse talents and ways of learning.  

Jeffries applied the seven principles to the process model and designed an interactive CD-ROM 

for teaching nursing skills (Jeffries, 2000). This earlier work later informed the current theory. 

The context of Jeffries’ theory is based on the premise that multiple contextual factors 

impact every aspect of the learning experience (Jeffries, 2016). The framework includes a unique 

structure that flows from an instructor’s intent for the lesson (objectives) to outcomes.  

Much like the cognitive load theory, Jeffries’ theory recognizes the characteristics students bring 

to the experience and how these characteristics affect the experience (Jeffries, 2016). While 

Jeffries did not visually depict student characteristics in her theory, it is important to note this 

component for the purposes of this study. In the context of this study, based on the cognitive load 

theory, the intrinsic cognitive load considers a student’s prior knowledge and is directly related 

to the complexity of the material and the learning objective (Chen et al., 2014).  

Cognitive Load Theory 

 The cognitive load theory (CLT) focuses on how instructional design affects students’ 

existing cognitive architecture. The CLT guides the use of instructional design strategies to 

prevent cognitive overload by maximizing the information that improves learning and 

minimizing information that hinders learning (Sweller, 2016b). Students bring prior knowledge 

to the learning environment which contributes to their achievement of learning. Therefore, the 

best instructional design strategy is dependent on the level of the student and the nature of the 

content (Ertmer & Newby, 1993).  
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 The three types of cognitive load include: (a) germane, (b) intrinsic, and (c) extraneous 

cognitive load. The presentation and organization of information presented by the educator are 

essential for maximizing the germane cognitive load, which helps to optimize learning and 

minimize extraneous cognitive load. Instructional design strategies that overwhelm the student 

increase the cognitive load and add extraneous cognitive load, which hinders learning and is not 

beneficial (Leppink et al., 2013). Additionally, students bring their knowledge from previous 

experiences to the learning environment, and this is described as the intrinsic cognitive load. The 

intrinsic cognitive load is primarily related to the students’ level of experience with the 

information (Kaylor, 2014) and the complexity of the task influenced by the educator (Leppink 

et al., 2013; Schmeck et al., 2015).   

 Therefore, as depicted in the framework, the intrinsic load stems from the student and is 

also affected by the educator’s instructional strategy, which is related to the complexity of the 

task to be learned. If the intrinsic load is optimized, learning (germane load) is enhanced (Van 

Merriënboer & Sweller, 2010). This study focused on the intrinsic cognitive load and students’ 

mental effort. 

 The intrinsic cognitive load is influenced by instructional interventions when the educator 

simplifies the task to be learned (Hessler & Henderson, 2013; Van Merriënboer & Sweller, 

2010). Therefore, the framework depicts a dotted line from the educator’s simple to complex 

instructional design strategy, which is a cognitive load effect intended to manage the intrinsic 

cognitive load (Van Merriënboer & Sweller, 2010). Additionally, mental effort is an important 

concept in the measurement of cognitive load (Paas et al., 2003). While mental effort is a 

different construct than task difficulty (i.e.: simple to complex), it has been shown to be effective 

when examining cognitive load (Schmeck et al., 2015). Mental effort is a reflection of the 
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cognitive load (Paas et al., 2003) and can be measured in the form of a subjective rating scale. 

Therefore, a dotted line is drawn connecting this concept within the framework, and mental 

effort connects with the CLT’s suggested instructional strategy for the intrinsic load (simple to 

complex). 

 The conceptual framework in this study included the management of the intrinsic load 

from the cognitive load theory for the purposes of measuring cognitive load and mental effort. 

For this study, principles of the cognitive load theory were incorporated into lessons. Informed 

by Jeffries’ framework, the term participant was replaced with the term student to mimic the 

common name of the individual participating in the classroom learning environment opposed to 

a simulation learning environment. A simple to complex instructional design strategy 

implemented by the educator is consistent with recommendations from the literature as a way to 

manage intrinsic cognitive load. Mental effort as a reflection of the cognitive load was also 

examined, as depicted in the framework.  

Constructivist Theory 

 The constructivist theory is a branch of the cognitive learning theories that focuses on 

what goes on inside the student’s mind (Braungart & Braungart, 2008). Active learning includes 

multiple instructional design strategies that help reveal this process of thinking. The 

constructivist theory supports the premise for the active learning instructional design strategies. 

Active learning strategies are widely supported in the literature as an alternative to lecturing. 

However, within nursing education, active learning strategies continue to be poorly implemented 

and poorly understood (Forneris, 2018). Additionally, further research is needed to support the 

use of active learning outside of simulation (Waltz et al., 2014). The active learning strategies 
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shown in the sphere include, cooperative learning, cooperative learning with a problem-based 

component.  

 Constructivism, in the view of Piaget, suggests that an individual constructs their 

knowledge individually or solitarily (Lourenco, 2012). Piaget did support a dialectical approach 

to psychological development (Lourenco, 2012) and thought of the knowledge construction as a 

biological process (Fosnot, 1996). The mind is therefore developed as the result of constant 

transformation and socialization of natural and biological mechanisms (Pass, 2004). Action is an 

essential piece in the development of knowledge construction and intelligence in Piaget’s view. 

There is a dynamic interaction between the educator and the student as the two converge and are 

interconnected. As depicted in the framework, the educator exerts influence on the instructional 

strategy, which influences the cognitive load and mental effort of the student, impacting the 

intended student outcomes.  

 Ultimately, the constructivist theory supported the use of an active learning instructional 

design strategy in this study. Cognitive psychologists emphasize the notion that learning is 

enhanced when the organization of information is meaningful as it improves memory processing 

(Braungart & Braungart, 2008). Much like the cognitive load theory, the constructivist theory 

supports the consideration of students’ existing cognitive architecture. The constructivist theory 

encourages educators to consider students’ existing schema. The consideration of existing 

schema allows for assimilation or accommodation, which is similar to the measurement of loads 

within the cognitive load theory. Assimilation is similar to the CLT concept of germane load and 

optimizes intrinsic load; accommodation can be compared to the student’s ability to adapt when 

exposed to information that contributes to the extraneous load. When a learner is faced with a 

new experience, their schema goes through periods of adaptation; the learner either adds to 
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existing knowledge (assimilation), or when a conflict arises, adapts existing knowledge 

(accommodation) to reconcile cognitive dissonance (Myers, 2016; Ültanir, 2012).  

 The conceptual framework used in this study combined concepts from the NLN Jeffries 

simulation theory, the cognitive load theory, and the constructivist theory. The instructional 

design was influenced by my choice of the instructional design strategy as the educator, the way 

in which information was to be presented, and the interaction between myself as the educator and 

the student. The goal of an effective instructional design strategy is to optimize learning through 

theory-based instruction, which leads to positive learning outcomes, and in the context of nursing 

education, prepares students for practice. 

Significance of the Study 

 This study addressed a critical gap in nursing education literature regarding how 

instructional design strategies affect the cognitive load of students in the classroom. Using a 

conceptual framework with a focus on theories of cognition, teaching, and learning, the study 

involved the exploration of a series of instructional design strategies and the effect on students’ 

intrinsic cognitive load and mental effort. The findings provide a step toward establishing best 

practices for selection of instructional design strategies in nursing classrooms that maximize 

learning by implementing the principles of the cognitive load theory. 

Definition of Terms 

Activity: For this study, the activity was the prompt used to operationalize the 

instructional strategies.  

Active learning: A type of instructional design strategy that is teacher-facilitated, student-

centered, and leads to psychological or physical thinking by the student; teaching without the 

predominant use of lecturing (Bonwell & Eison, 1991; Bowles, 2006; Kroning, 2014; Smith, 
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2017). Active learning is an umbrella term that includes numerous strategies. For this study, the 

active learning strategies were explicitly stated and defined within the context of the 

intervention. 

Classroom: Learning takes place in many different settings. For this study, the classroom 

was the identified physical or synchronous virtual space where instruction occurs in the 

academic institution, excluding teaching in the clinical or laboratory setting.  

Cognitive load: Mental effort used to store and process information in working memory 

described as intrinsic, germane, and extraneous cognitive load (Sweller et al., 1998).  

Educator: A teacher (Merriam-Webster, n.d.d.). For this study, the educator was 

responsible for facilitating the instructional design that guides the students’ achievement of 

learning and program outcomes. 

Instructional design: The selection of instructional theories with prescribed strategies that 

are used to organize and present information to the student (Smith & Ragan, 1996; Sweller et al., 

1998) in a learning environment; it involves the identification of an educational problem, the 

proposed outcomes, and the design process for which the outcomes can be achieved (Krouse, 

2015). The instructional design is a broad approach that includes specific instructional design 

strategies. 

Instructional design strategy (or instructional strategy): A specific strategy with unique 

organization and presentation of information implemented and facilitated by the educator in the 

learning environment. The strategy is used to help students learn curricular content and reach 

intended student learning outcomes and program outcomes (Smith & Ragan, 1996). For this 

study, the instructional strategies were cooperative learning, cooperative learning (CPL) with a 

problem-based component, and lecturing.  
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Learning: A cognitive psychological process that results in a relatively permanent 

behavior change (Alexander et al., 2009; Braungart & Braungart, 2008; Dandy & Bendersky, 

2014). 

Learning environment: Diverse locations where students learn (Glossary of education 

reform, 2013). In nursing education and for this study, this includes the classroom, clinical 

setting, online, and a laboratory setting.  

Lecture: A discourse given before an audience or class, especially for instruction 

(Merriam-Webster, n.d.a.). 

Lesson: A piece of instruction (Merriam-Webster, n.d.b.). For the purposes of this study, 

the lessons were the educational interventions delivered to students’ and facilitated by an 

educator.  

Mental effort: A reflection of the cognitive load that refers to cognitive capacity, designed 

to accommodate the demands imposed by the task (Paas et al., 2003). 

Student: One who attends school (Merriam-Webster, n.d.c.). 

Summary 

 In this study, I sought to address a gap in the literature regarding how instructional design 

strategies affect the cognitive load of pre-licensure baccalaureate nursing students. This study’s 

aim was to bring knowledge to the nursing profession and generate evidence for the use of theory 

based instructional design that focuses on cognition. I addressed the effect of a series of 

instructional strategies to include active learning strategies on students’ cognitive load in a pre-

licensure baccalaureate nursing education classroom environment.  

 The undergirding framework was a combination of the NLN Jeffries’ simulation theory, 

the constructivist theory, and the cognitive load theory. The framework emphasized the influence 
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of an instructional design strategy on students’ existing cognitive architecture. The study 

outlined the interaction between the educator’s instructional design strategy and the students’ 

intrinsic cognitive load. The educator’s instructional design strategy has a significant effect on 

students’ achievement of learning outcomes which may ultimately affect their readiness for 

practice.  

 This study contributes to the existing body of literature regarding cognitive load and 

builds evidence for the use of explicit instructional design strategies in nursing education. The 

results of this study present instructional design strategies that do not significantly increase 

students’ cognitive load. Additionally, the results provide further empirical support for nursing, 

psychology, and education literature related to the cognitive load, mental effort, and instructional 

design.  
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CHAPTER 2 

REVIEW OF RELATED LITERATURE 

 As nurse educators face growing pressures to better prepare nursing students for clinical 

practice, instructional design is more important now than ever (Bennett et al., 2017; Krouse, 

2015). Nurse educators have expanded their use of instructional design strategies; however, the 

nursing literature remains relatively void in supporting the effectiveness of these strategies. 

Additionally, there is a significant gap in how students’ existing cognitive architecture is 

considered in various instructional designs. Therefore, the cognitive load theory, derived from an 

understanding of human learning, may be a beneficial theory for nurse educators to use when 

designing and implementing classroom instruction (Chen et al., 2014). In this chapter, I will 

present a review of the literature related to instructional design and associated instructional 

design strategies. The higher education literature is explored with an emphasis on instructional 

design within nursing education. The use of the cognitive load theory in the general education 

and nursing education literature is explored to support the study; available literature is presented 

in relation to the measurement of students’ cognitive load.  

Undergraduate Nursing Education 

 In the 1800s, the education of nurses was exclusively provided in clinical settings. 

Formal training for nurses did not exist before the Florence Nightingale movement (Bastable, 

2008; Rodgers, 2005). Nursing education was identified as training and was viewed as an 

apprenticeship until it became obvious to health professionals and educators that nurses needed 

formal education. In the mid to late 1800s, nurses were taught didactic content primarily from 

physicians and learned the actual skills of nursing through on-the-job experiences (Rodgers, 

2005). It was not until the 20th century that schools of nursing became part of an academic 
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setting in the United States. Decades passed before nurses who educated nursing students were 

taught in academically oriented programs of nursing (Rodgers, 2005). 

 While nursing education continues to transform over centuries, the majority of nursing 

education has shifted from an emphasis on time spent in the clinical environment to time spent in 

the classroom, yet students are not better prepared for clinical practice (Hezaveh et al., 2014). 

Due to a gap between theory and practice, many nurse graduates are unprepared for clinical 

practice (Caputi & Kavanagh, 2018; Hezaveh et al., 2014; Patterson et al., 2017; Spector & 

Echternacht, 2010). Therefore, the identification of new and improved ways to approach 

classroom teaching (Benner et al., 2010) may directly benefit clinical practice and help students 

develop higher-level reasoning skills (Forneris & Fey, 2021).  

Inadequate Preparation and the Theory-Practice Gap 

 The health profession has a moral and ethical responsibility to ensure a competent 

workforce; patient safety may be compromised if a nurse cannot provide competent care (Fero et 

al., 2008; Kavanagh & Szweda, 2017). However, the Institute of Medicine (2018) noted that 

once health profession students enter the healthcare setting, they quickly learn that their 

education has not prepared them appropriately for the work they are expected to do. 

Furthermore, the evidence that new graduate nurses are not prepared for practice is not a new 

phenomenon (del Bueno, 2005). More than a decade ago, leaders in the nursing profession 

implemented the performance-based development system to the onboarding process of new 

nurses to assess readiness for practice in the healthcare setting (Blount, 2013). del Bueno (2005) 

reported that findings from the 1990s to 2005 remained the same; only 35% of new registered 

nurse (RN) graduates, regardless of educational preparation and credentials, met entry 

expectations.  
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 From 2004 to 2006, researchers examined 2,144 newly hired and experienced nurses in a 

university affiliated healthcare system using the performance-based development system and 

found that overall 74.9% met assessment expectations; however, new graduates were less likely 

to meet expectations compared to nurses with 10 or more years of experience (Fero et al., 2008). 

Kavanagh and Szweda (2017) implemented the performance-based development system to over 

5,000 newly hired nurses in a university affiliated healthcare system and found similar results to 

del Bueno’s 1990 and 2005 studies. Only 20–24% of new graduates were ready for practice; 

indicating that 50% of new graduate nurses were unable to demonstrate problem management, 

and more than 20% were unable to demonstrate problem and urgency recognition (Kavanagh & 

Szweda, 2017).  

 The findings are important as the authors in the aforementioned studies reinforced the use 

of problem-solving, communication, and critical thinking as critical elements in nursing 

education (del Bueno, 2005; Fero et al., 2008; Kavanagh & Szweda, 2017). Additionally, authors 

urged nurse educators to focus on experiential, meaningful learning, so nursing students leave 

school with the ability to apply knowledge in practice (del Bueno, 2005; Fero et al., 2008). While 

the onus of preparing nursing students is not completely weighed on the shoulders of nurse 

educators, the teaching strategies used in the classroom should be carefully selected. It is 

important that educators make every attempt to create the most essential and effective teaching 

and learning experiences (Kavanagh & Szweda, 2017) in an effort to better prepare new nurse 

graduates for practice. Ultimately, the appropriate selection and use of teaching strategies may 

narrow the theory-practice gap. 
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Theory-Practice Gap and the Educator 

 The theory-practice gap in nursing education describes the observed deficiency between 

educational training in the classroom and the novice nurse’s preparation for clinical practice 

(Billings & Kowalski, 2006; Labuau, 2019; Landers, 2008; McCaugherty, 1991; Watkins, 2018). 

However, nurse educators may be able to better prepare nursing students for clinical practice by 

addressing their own gap in knowledge related to instructional design (Benner et al., 2010), 

building their expertise (Forneris & Fey, 2021), and utilizing evidenced-based instructional 

strategies in the classroom. Bennett et al. (2017) defined nursing education as the “transmission 

of both practice and theoretical knowledge to develop competent nurses” (p. 98). Thus, it is 

essential to narrow the theory-practice gap in an effort to facilitate the successful transition of 

graduate nurses from academia to practice (Caputi & Kavanagh, 2018).  

 While nurse residency programs for new graduate nurses may bridge the theory-practice 

gap and prepare students for practice, classroom learning in the academic program is the 

foundation of clinical practice (AACN, 2018). Current instructional strategies in the classroom 

may contribute to the theory-practice gap and inadequate preparation of novice nurses. The key 

to new-graduate success and improvement of patient outcomes may lie in the way that nurse 

educators teach students (Caputi & Kavanagh, 2018). If educators consider classroom teaching, 

learning, and instructional design, students’ preparation for practice may be improved.  

Instructional Design 

 Nurse educators have the potential to design instruction that enhances learning and results 

in a positive behavior change that is reflected by how the student interacts in clinical practice. 

Historically, learning theories have provided the foundation for instructional designers as they 

provide authenticated instructional design strategies to assist educators in the facilitation of 
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learning (Ertmer & Newby, 1993). If instructional design is not grounded in theory, this likely 

decreases the potential to advance theories in nursing education and the general education 

literature (Krouse, 2015).  

 The three dominant learning theories known to guide instructional design are: (a) 

behaviorism, (b) cognitivism, and (c) constructivism. Behaviorism focuses on the consequences 

of learning experiences as the product of stimulus conditions (Bastable, 2008; Ertmer & Newby, 

1993). Cognitivism focuses on what goes on inside the learner, specifically how information is 

received, organized, stored, and retrieved by the mind (Bastable, 2008; Ertmer & Newby, 1993). 

Constructivism, a branch of cognitivism that focuses on learning as a mental activity, focuses on 

the specific interaction between the learner and environmental factors that contribute to learning 

(Ertmer & Newby, 1993).  

 Instructional design in the nursing literature is often discussed in tandem with technology 

such as online courses or simulation (Bolan, 2003; Burke, 2010; Cook et al., 2013; Krouse, 2015; 

Wills et al., 2001). While many schools of nursing have emphasized asynchronous online 

education and the use of technology such as simulation to achieve curricular outcomes, entry 

level nursing programs continue to hold face-to-face classes in a traditional or synchronous 

online classroom setting. Therefore, empirical studies are needed in nursing to support for 

effective instructional design in synchronous classroom environments.  

 Building the science of nursing education in support of instructional design is critical 

(Broome et al., 2012) and more important now than ever (Krouse, 2015). Educational institutions 

face growing pressures from students, as consumers and healthcare stakeholders, to make 

education meaningful and relevant all while respecting the students’ time (Coggins et al., 2016). 

If nurse researchers fail to develop empirical studies documenting effective processes of 
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instructional design, efforts cannot be systematically replicated and refined to improve the 

instructional design and student learning outcomes. Replication and iterative empirical testing of 

instructional design strategies could improve the efficacy of nursing education (Krouse, 2015). 

While there is no single learning theory that is best suited for all learners across disciplines and 

education levels, educators should consider the instructional design strategies that are most 

appropriate for the particular content and education level of the learner.  

Instructional Design Strategies in Nursing Education 

 Instructional design strategies used in the classroom are employed to advance a learner’s 

knowledge and result in learning (Ertmer & Newby, 1993). Learning is frequently described as a 

cognitive psychological process that results in a behavior change (Alexander et al., 2009; Dandy 

& Bendersky, 2014). In nursing education, like many other practice disciplines such as social 

justice (Ross & Elechi, 2002) and finance (Arnold & Hatzopoulus, 2003), the instructional 

design strategies used in the classroom can have significant implications for the practice setting 

by either widening or narrowing the theory-practice gap. 

 Nurse educators have relied on a multitude of instructional strategies to educate nursing 

students such as peer learning, seminar and small or large group discussion, team-based learning, 

problem-based learning, debate, concept mapping, flipped classroom, role play, demonstration, 

games, case study, self-learning modules, Socratic questioning, reflection writing, and lecture 

(Phillips, 2016a). However, nurse educators frequently use one predominant strategy with a 

combination of others to achieve the learning objectives (Fitzgerald, 2008). Decisions about 

which strategy to use are often guided by theory and based on a variety of factors such as 

audience characteristics, educator’s expertise, objectives of learning, potential for achieving 
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learning outcomes, cost effectiveness, instructional setting, and evolving technology (Candela, 

2016; Fitzgerald, 2008).  

 Additionally, educators regularly employ instructional strategies based on Bloom’s 

taxonomy and the kind of knowledge to be learned (Phillips, 2016a). Bloom’s taxonomy was 

published in 1956 by researcher Benjamin S. Bloom and colleagues who classified the 

intellectual skills of most concern to educators (Boslaugh, 2013). The taxonomy represents 

increased complexity and is used to write exam questions, lecture objectives, and even categorize 

instructional strategies (Phillips, 2016a).  

 Nurse educators also consider empirical evidence when selecting instructional design 

strategies. One recent research study showed that nurse educators are using instructional design 

strategies such as simulation, narrative pedagogy, interactive videos, computerized learning, 

reflection, problem-based learning, case-based learning, and unfolding case studies that facilitate 

transfer of knowledge between theory and practice (Culyer et al., 2018). Outside of simulation, 

little is known about the extent to which nurse educators use these strategies (Culyer et al., 

2018). To date, the specific minute-by-minute design and use of these strategies in nursing 

education has not been published; this may be due to page limitations by reputable publishing 

journals. However, without specific evidence of innovative instructional design strategies beyond 

the use of simulation in nursing, it can be assumed that lecturing remains the predominant 

strategy used in nursing classrooms; which is the consensus in the general education literature 

(Mazer & Hess, 2017; Meyer & Hunt, 2017; Sciullo, 2017). 

Lecture 

 Instructional strategies most often selected for use in the classroom are traditional 

lectures (Sciullo, 2017), with the incorporation of group discussion, and gaming (Fitzgerald, 
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2008). In nursing classrooms, educators typically use lectures to deliver content through the use 

of PowerPoint presentations (Benner et al., 2010; Pence, 2016). However, information presented 

in a lecture setting is often expected to be memorized. Memorization does not engage the student 

in the learning process and does not promote application of information in the clinical 

environment (Benner et al., 2010). While a lecture is a time-efficient way to cover complex 

material, it is often difficult for students to maintain concentration due to decreased student 

involvement (Phillips, 2016a). Therefore, active learning has been a useful strategy in education.   

Active Learning 

 Active learning is a set of instructional design strategies that have been endorsed and 

encouraged for use by nursing leaders and accrediting bodies (AACN, 2019; NLN, 2018). The 

use of active learning strategies creates a more engaged learning environment for students and 

improves learning outcomes (National Survey of Student Engagement, 2013). Student learning is 

directly influenced by the quality and quantity of student involvement and engagement in the 

learning environment (Phillips, 2016b). Active learning strategies have the potential to engage 

students and enhance their understanding of content for further recall and application.  

 Within the general literature across disciplines, active learning strategies are described as 

(a) case studies (Bowles, 2006); (b) concept mapping (Bowles, 2006); (c) role playing (Bonwell 

& Eison, 1991; Bowles, 2006); (d) simulation and gaming (Boctor, 2013; Bonwell & Eison, 

1991; Bowles, 2006; Lichvar et al., 2016; McDevitt, 2009; Shin et al., 2015); (e) cooperative 

learning (Bonwell & Eison, 1991); (f) problem-based learning (Bonwell & Eison, 1991; Waltz et 

al., 2014); (g) experiential learning (Shin et al., 2015); (h) team-based learning (Lawson, 1995); 

(i) critical thinking activities (Bowles, 2006; Phillips, 2016a); (j) pre-class activities (Cook & 

Babon, 2017; Keegan et al., 2016; Lichvar et al.,2016); (k) in-class activities (Bonwell & Eison, 
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1991); (l) peer teaching (Bonwell & Eison, 1991; Phillips, 2016a); (m) mind mapping (Rosciano, 

2015); and (n) videos as an active learning material (Cherney, 2008). Relevant nursing literature 

defines active learning as: (a) student-centered or student-based learning (Boctor, 2013; Bowles, 

2006; Waltz et al., 2014); (b) flipped learning (Forneris, 2018); and (c) a rejection of traditional 

education (Bowles, 2006). The existing evidence in the general education literature supports 

active learning as an instructional strategy superior to the traditional lecture.  

 Freeman et al. (2014) conducted a meta-analysis of 225 studies and examined the 

effectiveness of traditional lectures versus active learning in undergraduate science, technology, 

engineering, and math courses. The results supported active learning as a more effective 

instructional strategy; quantitative evidence resulted in better student grades and a 36% drop in 

class failure rates (Freeman et al., 2014). However, active learning is an umbrella term. 

Therefore, specific active learning strategies should be tested for their effectiveness; additionally, 

there is a significant gap in such evidence within nursing education (Waltz et al., 2014). 

 Group learning is used frequently as an active learning instructional strategy. Numerous 

studies within the education discipline have focused on group learning and its effect on 

knowledge development, thinking skills, social skills, and course satisfaction (Davidson & 

Major, 2014). Within the literature, different approaches to group learning have emerged such as 

small-group learning, collaborative learning, cooperative learning, problem-based learning, 

team-based learning, peer instruction, peer tutoring, and team learning (Davidson & Major, 

2014). However, these strategies have not been rigorously, empirically tested within the nursing 

education discipline.  

 Problem-based learning, cooperative learning, collaborative learning, and team-based 

learning appear to be the dominant terms used in higher education literature when group learning 
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is discussed. The terminology used to describe group learning are difficult to distinguish within 

the literature as these terms are often used interchangeably and have become entangled 

(Davidson & Major, 2014). All types of group learning value academic learning, social learning, 

and require individual accountability and responsibility. However, the terms are not 

synonymous; there are differences between the different types of group learning. For the 

purposes of this dissertation, I will discuss cooperative learning and problem-based learning. 

Cooperative learning (CPL) is the oldest form of group learning (Davidson & Major, 

2014). CPL may include the use of team-building activities and classroom management 

techniques such as the quiet signal, and timed activities such as think-pair-share (Davidson & 

Major, 2014). In CPL, the focus is on interdependence where students work together for learning 

to occur. The teacher takes an active role and circulates from group to group, asking thought-

provoking questions and providing assistance and encouragement as needed (Davidson & Major, 

2014). Group sizes are intended to be small in CPL and can range from two to five (Davidson & 

Major, 2014).  

 CPL has been used in nursing courses (Basak & Yildiz, 2014; Baumberger-Henry, 2005; 

Kaddoura, 2013; Lin, 2013) as well as business math courses (Foldnes, 2016) and political 

theory courses (Herrmann, 2013). CPL has been compared to traditional learning or lectures 

(Basak & Yildiz, 2014; Foldnes, 2016; Kaddoura, 2013) using case studies and online learning 

(Baumberger-Henry, 2005; Lin, 2013). 

 Researchers have examined CPL for student perceptions and student engagement 

(Baumberger-Henry, 2005; Herrmann, 2013), test scores and changes in critical thinking 

(Foldnes, 2016; Kaddoura, 2013) as well as skill performance including drug calculation and 

catheterization skills (Basak & Yildiz, 2014; Lin, 2013). While findings varied, statistically 
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significant results were found in studies measuring drug calculation skills and test scores (Basak 

& Yildiz, 2014; Foldnes, 2016). Cooperative learning is supported in the literature as an effective 

active learning strategy for group learning.  

In addition to cooperative learning, problem-based learning is supported in medical 

education for its correlation to real-world problems and critical thinking. Problem-based learning 

(PBL) is an active learning strategy that was developed in the 1960s by medical school 

professors who realized that due to the information explosion, physicians could no longer rely on 

memorization of information to care for patients as they simply could not retain that much 

content (Davidson & Major, 2014). PBL was quickly adopted by other health professions such as 

nursing and has been used in empirical studies. PBL is based on the constructivist ideas and uses 

a real-world problem to drive learning (Davidson & Major, 2014). In the case of nursing 

education, patient case studies are often used in PBL. Students work in teams to confront a 

problem and educators act as facilitators by asking questions and monitoring group processes 

(Davidson & Major, 2014). PBL is interdisciplinary, authentic, motivating, student-centered, 

self-directed, skill-directed, collaborative, and reflective (Barrows, 1986).  

 Within the nursing education literature, PBL has been explored in isolation or in 

comparison to other teaching strategies. Some studies compared PBL to traditional lectures 

(Beers & Bowden, 2005; Choi et al., 2014; Günüşen et al., 2014; Jones, 2008; Kong et al., 2014; 

Melo et al., 2010). Other studies examined PBL alone for its effect on students’ critical thinking 

(D’Sa & Bhaduri, 2013; Ehrenberg & Häggblom, 2007; Hodges, 2011; Martyn et al., 2014; 

Mrunalini & Chandekar 2015). Results were relatively positive among studies supporting PBL as 

a beneficial learning strategy. When critical thinking was examined as an outcome measure, 

researchers found that PBL promoted critical thinking skills. However, Martyn et al. (2014) 
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noted that more research within nursing education is needed to examine the outcomes of PBL 

such as the development of critical thinking and life-long learning skills, which are essential for 

students in practice disciplines. Computer science (Birgili, 2015) and mathematics educators 

suggest PBL as an appropriate strategy to develop students’ critical and creative thinking and 

prevent a student from merely being a good encyclopedia (Bidokht & Assareh, 2011). However, 

Polyzois et al. (2010) found no statistically significant difference in life-long learning when PBL 

was used as an instructional strategy for dental students.  

Constructivism and Instructional Design Strategies 

Kantar (2014) conducted a literature review of the incorporation of constructivist 

assumptions into problem-based instruction and found that while educators have made the right 

choice in employing PBL, implementing the strategy based on instructional design principles 

that include the constructivist theory was missing. Within the literature, there is limited 

convincing evidence regarding the application of constructivist principles in nursing education 

(Kantar, 2014). Instructional design strategies should be supported by theoretical foundations. 

Since PBL stems from constructivism, the theory should be used to guide PBL as an instructional 

strategy (Kantar, 2014).  

 The constructivist theory supports active learning. Piaget developed the scientific and 

meta-theory termed constructivism or constructivist theory (Ültanir, 2012). A central tenant to 

constructivism indicates that in order for learning to occur, the learner actively constructs 

meaning for themselves (Michael, 2006). The constructivist theory has been applied to the use of 

active learning strategies in nursing education such as collaborative and cooperative learning 

(Baumberger-Henry, 2005).  



 

 30 

 Nurse educators use a plethora of instructional design strategies to educate nursing 

students. However, nursing has adopted knowledge generated from other disciplines to teach 

nursing students; it is important that nurse educators engage in research and develop more 

domain specific strategies for the discipline (Benner et al., 2010). If instructional strategies based 

on evidence are not implemented in classrooms, learning may not be optimal, and therefore a 

behavior change may not occur (Alexander et al., 2009; Ertmer & Newby, 1993) in clinical 

practice. Ultimately, there is evidence, support, and the potential for active learning strategies 

such as CPL and PBL to narrow the theory-practice gap in nursing. The use of these strategies 

will help students to critically think, engage in learning experiences, and avoid simply 

memorizing content. 

 Regardless of the strategy used, it is important for educators to consider the psychology 

of learning related to instruction. However, one key aspect missing from the research in the 

aforementioned nursing articles is how these strategies are implemented with specific 

consideration to the psychology of learning. In an effort to consider the psychology of learning 

related to instruction, further examination of instructional design and students’ existing cognitive 

architecture is needed in nursing education (Chen et al., 2014). The cognitive load theory, which 

considers the psychology of learning, has the potential to offer a much-needed theoretical 

foundation to nursing education’s existing instructional design strategies and historically used 

learning theories.   

Active Learning in a Synchronous Online Environment 

The growth of online education has created exciting opportunities and challenges for both 

students and educators (Akarasriworn & Ku, 2013). Moreover, the novel coronavirus (COVID-

19) global pandemic of 2020–2021 challenged educators to quickly transition lessons from 
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traditional face-to-face environments to online delivery in an effort to reduce social contact and 

adhere to safety requirements (Seymour-Walsh et al., 2020). Therefore, for the purposes of this 

study, it was important to review the literature related to facilitators and barriers of the 

implementation of active learning strategies such as CPL and PBL and how these instructional 

strategies affect a student’s cognitive load in a synchronous online classroom.  

Active learning strategies such as CPL and PBL have historically been implemented in 

physical classrooms involving in-person activities (Chen, 2016; Peterson & Putnam, 2018). 

However, as online learning continues to be embraced in higher education, educators have 

implemented such strategies in both synchronous and asynchronous online environments (Chen, 

2016). While there are benefits to asynchronous online classrooms such as convenience and 

geographical flexibility, Claman (2015) found that nursing students’ engagement is significantly 

higher in synchronous online classrooms when compared to asynchronous. When group learning 

is the goal, asynchronous learning is not supported as it may limit real-time communication and a 

relationship between cooperative goals for students’ (Peterson & Putnam, 2018). Alternatively, 

some general higher education literature suggests a blended format of both synchronous and 

asynchronous learning for courses that are conducted completely in an online environment 

(Rienties et al., 2014; Watts, 2016; Zoumenou et al., 2015).  

CPL has been used in synchronous online classrooms in disciplines such as accounting 

(Ellingson & Notbohm, 2012), nursing (Claman, 2015), social work (Farrel et al., 2018), 

education (Peterson & Putnam, 2018; Sobko et al., 2020), an interprofessional communication 

course (King et al., 2010), graduate courses (Roseth et al., 2013), and chemistry (Wilson & 

Varma-Nelson) to name a few. Common themes among the aforementioned articles across 

disciplines was the need for educators to provide meaningful use of technology to effectively 
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build communication and collaborative work among students’ (Peterson & Putnam, 2018; Sobko 

et al., 2020; Wilson & Varma-Nelson). Human interaction using video and audio (Sobko et al., 

2020), online whiteboards for breakout groups (Sobko et al., 2020; Wilson & Varma-Nelson), 

and chat boxes (Sobko et al., 2020) enhanced student outcomes towards a CPL instructional 

strategy. Additionally, authors who employed CPL in a synchronous online classroom noted that 

it is essential for educators to plan ahead (Roseth, et al., 2013) and invest time in learning the 

technology (Ellingson & Notbohm, 2012). Barriers to CPL in a synchronous online classroom 

were identified as technology issues to include bandwidth constraints and audio, and limitations 

in grouping for the purposes of breakout sessions (Ellingson & Notbohm, 2012; Roseth et al., 

2013) 

PBL has been used in a synchronous online classroom in disciplines such as nursing 

(Chen, 2016), pharmacy (Hashim et al., 2017), public health (Jong et al., 2018), and an 

interprofessional communication course (King et al., 2010) to name a few. Studies reviewed 

were mostly qualitative (Chen, 2016; Jong et al., 2018; King et al., 2010) or mixed methods 

(Hashim et al., 2017). Results among the studies were similar. Researchers found that that when 

PBL was employed in a synchronous online classroom, students interacted and developed a 

sense of teamwork (Jong et al., 2018; King et al., 2010), learning outcomes were met, and 

learning was facilitated (Chen, 2016; Hashim et al., 2017; Jong et al., 2018; King et al., 2010). 

Alternatively, similar barriers were noted to include the absence of nonverbal cues (Chen, 2016; 

Jong et al., 2018), technical difficulties to include response delays (Chen, 2016) or Internet 

connectivity (Hashim et al., 2017), and a student’s or educator’s inability to manage or be 

comfortable with the technology (Chen, 2016; Jong et al., 2018).  
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Most importantly, Chen (2016) noted that while the online environment has the potential 

to introduce additional or different cognitive load burdens on learners, students perceived less 

distractions in the synchronous online classroom than in the face-to-face classroom environment 

when PBL was employed. Distractions included hearing another student or groups’ side 

conversations (Chen, 2016). In an online synchronous classroom, a student is likely to physically 

be in the comfort of their home using their personal technology, without the distraction of other 

students. However, due the 2020–2021 global pandemic and social distancing requirements, it is 

possible that during the synchronous lessons in which data collection occurred, participants were 

sharing physical space at home with family members, such as young children, siblings, pets, and 

partners which adds numerous new distractions.  

Seymour-Walsh et al. (2020) made note of this unique time in academia and provided 

recommendations for educators with the consideration of cognitive load. Educators are not 

merely transferring existing face-to-face classroom lessons online but are teaching in the middle 

of a pandemic. In an online synchronous classroom, educators are unable to track engagement 

from visual cues such as posture, restlessness, and confusion (Seymour-Walsh et al., 2020). 

Additionally, students may be learning exclusively online for the first time; and for health 

profession educators, it is essential that students are prepared for practice through guided 

learning experiences (Seymour-Walsh et al., 2020). Considering cognitive load, 

recommendations for an effective synchronous online classroom during the pandemic include:  

• addressing distractions at the start of class; 

• establishing student engagement expectations (silencing mobile phones, finding a quiet 

space, prepare snack, turn off email notifications, placing a sign on the door or back of 

the chair (i.e.: do not disturb), using headphones); 
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• gathering real-time input from students by text-based chat such as emojis for simple 

codes such as ‘understand’, ‘confused’, ‘bored’;  

• using the raised hand; 

• grouping or chunking information together; 

• using visual aids to stimulate thought and encouraging problem-solving; 

• using voting polls and break-out sessions; 

• calling students by name; 

• providing resources to review previous learning, retrieving existing knowledge and 

adapting existing schema to the new content; 

• reducing the volume of new information to align to potential reductions in student’s 

cognitive reserves (Seymour-Walsh et al., 2020). 

It essential that educators help students feel safe during this time so that they can learn 

effectively. When students do not feel safe, their cognitive capacity will be reduced (Seymour-

Walsh et al., 2020). Engagement is critical and should not be sacrificed as lessons are moved to 

online delivery. Ultimately, it is important to consider the instructional design in synchronous 

online classrooms, especially during this challenging time in academia and educators should 

make attempts to reduce cognitive load. 

Cognitive Load Theory 

 The cognitive load theory was developed by Dr. John Sweller and published in a 2011 

textbook with his colleagues Ayres and Kalyuga. CLT takes human cognition into account and 

can be used to design instruction (Paas & Sweller, 2011; Sweller, 2016b; Sweller et al., 1998). 

The theory provides strategies that reduce unnecessary working memory load to allow for 
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maximal learning to occur. There are three major assumptions that underpin this theory and 

support its strategies. Sweller (2016b) noted the theory’s assumptions as:  

1. Individuals have not specifically evolved to learn the topics taught in education and 

training institutions. 

2. These topics require learners to acquire domain-specific rather than generic-cognitive 

knowledge. 

3. Domain-specific concepts and skills require explicit instruction. However, generic-

cognitive knowledge does not require explicit instruction because we have evolved to 

acquire it (p. 360).  

 Sweller (2016b) described biologically primary knowledge as the unconsciously acquired 

knowledge that does not need specific instruction such as distinguishing one face, sound, and 

language from another. However, biologically secondary knowledge depends on primary 

knowledge and nearly every topic taught in educational institutions is an example of secondary 

knowledge. Secondary knowledge requires a conscious effort and is often difficult, but Sweller 

(2016b) noted that it could be supported by explicit instruction.  

 Primary knowledge tends to be associated with a generic-cognitive skill while secondary 

knowledge is often associated with a domain-specific skill. Generic-cognitive skills, such as 

listening to others, can be applied to many unrelated areas and are often essential life skills. 

However, a domain-specific skill is not essential and can only be applied to a specific range of 

ideas (Sweller, 2016b). Therefore, the strategies within the CLT can only be applied when 

dealing with explicitly taught, biologically secondary, domain-specific knowledge (Sweller, 

2016b, p. 360) as articulated in the theory’s assumptions. Ultimately, the theory “assumes that 
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the major function of instruction is to facilitate the acquisition of domain-specific, biologically 

secondary information that is stored in long-term memory for later use” (Sweller, 2016b, p. 365).  

 Another fundamental principle of the cognitive load theory emphasizes knowledge 

acquisition; Sweller noted that people mostly acquire knowledge from other people (Landrigan, 

2015). The cognitive load theory emphasizes the transfer of knowledge from our limited working 

memory to our long-term memory (Landrigan, 2015). Our working memory can only hold 

information for about 20 seconds (Landrigan, 2015). Working memory limitations only apply to 

secondary knowledge (Sweller, 2016b). Conversely, our long-term memory has an unlimited 

capacity. Hence, once the information in working memory has been processed long enough, it 

goes into our unlimited capacity long-term memory (Leppink, 2017). Sweller (2016a) noted that 

the epitome of learning is transferring knowledge to long-term memory. 

 The cognitive load theory involves element interactivity and is divided into intrinsic, 

extraneous, and germane cognitive load (Leppink, 2017; Sweller, 2010). An element is “anything 

that needs to be or has been learned” (Sweller, 2010, p. 124). Instruction can impose three types 

of cognitive load on a learner’s cognitive system (Leppink et al., 2013, p. 1058). The three types 

of cognitive load are: 

1. Intrinsic cognitive load: Determined by the inherent complexity of information and task; 

as well as the learner’s prior knowledge.  

2. Extraneous cognitive load: Determined by the way in which instruction is designed.  

3. Germane cognitive load: Determined by instructional features that are beneficial for 

learning and deals with the acquisition of knowledge.  

 The determination of intrinsic or extraneous cognitive load depends on what information 

needs to be learned (Sweller, 2010). For example, if the goal is to comprehend concepts in a text 
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unknown to the learner, this most likely constitutes an extraneous cognitive load. Alternatively, 

if the goal is to learn a specialized language in which the learner has previous knowledge, this is 

most likely intrinsic knowledge. Ideally, instructional features should contribute to the germane 

cognitive load and be beneficial for learning and the acquisition of knowledge (Leppink, 2017).  

 As the theory continues to evolve, some researchers have begun to reconceptualize the 

idea of the germane cognitive load and believe that it should be a subset of intrinsic cognitive 

load, therefore moving the framework to a two-factor load type including the intrinsic and 

extraneous loads (Leppink & Heuvel, 2015). These researchers believe that the extraneous 

cognitive load should be kept to a minimum, and germane could arise only if intrinsic load 

reached a specific level (Leppink & Heuvel, 2015). However, there is controversy among 

researchers, and the rejection of germane load is still debated as there is reasonable theoretical 

argument for the construct (Young & Sewell, 2015).  

 Sweller et al. (1998) noted that “cognitive load imposed by instructional designs should 

be the pre-eminent consideration when determining design structures . . . all instructional designs 

should be analyzed from a cognitive load perspective” (p. 262). The CLT provides guidelines to 

assist with the presentation of information that encourages learner activity and optimizes 

intellectual performance (Sweller et al., 1998). Additionally, the theory assumes that when 

teaching novice learners, instructors should decide what should be studied and how it should be 

studied (Paas et al., 2003). Instructors influence various components of a student’s cognitive load 

through their selection of instructional strategies. 

 Sweller (2016b) proposed explicit instructional strategies to decrease extraneous (not 

beneficial for learning) cognitive load. Explicit instructional strategies were developed as a result 

of empirical testing and are discussed in terms of cognitive load effects. The cognitive load 



 

 38 

effects can be used in tandem with evidence based instructional design strategies such as 

lectures, cooperative learning, and problem-based learning among others.  

Cognitive Load Effects 

 The specific design principles and strategies for implementing the cognitive load theory 

in terms of ‘effects’ which were derived from initial problem-solving reasoning and have 

evolved over the years (Sweller, 2016a; Sweller et al., 1998; van Merrionboer & Sweller, 2010). 

These effects have also been termed principles or strategies within the literature (Van 

Merriënboer & Sweller, 20110). There are 13 cognitive load effects termed the goal free effect, 

worked example effect, completion (problem) effect, split-attention effect, modality effect, 

redundancy effect, variability effect, simple-to complex, low-to-high fidelity, variability effect, 

contextual interference effect, self-explanation effect, and expertise reversal effect (Sweller et 

al., 1998; Sweller, 2016a; van Merriënboer & Sweller, 2010). Each effect has its own description 

and implications for teaching and learning related to the concepts of the cognitive load theory. 

Each effect is expected to have an effect on the intrinsic, germane, or extraneous cognitive loads 

(Hessler & Henderson, 2013; Sweller et al., 1998; Van Merriënboer & Sweller, 2010).  

 The unique use of each effect has been articulated for health professions’ education (Van 

Merriënboer & Sweller, 2010). The following effects are designed to decrease the extraneous 

cognitive load, which include: (a) goal free, (b) worked-example, (c) split attention, (d) modality, 

and (e) redundancy (Van Merriënboer & Sweller, 2010). As an example, the worked example 

effect helps to decrease the extraneous cognitive load by giving the student a partially completed 

problem or worked example; the learner is able to use the working memory saved by the worked 

problem example and then add new learning which improves learning outcomes and transfer of 

knowledge (Hessler & Henderson, 2013; Sweller et al., 1998; Van Merriënboer & Sweller, 
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2010). The split-attention effect replaces multiple sources of information into one integrated 

source of information. For example, when students have to split their attention between two or 

more sources of information such as written text and an image, but both are needed to understand 

the material, there is an increased demand on working memory (Hessler & Henderson, 2013; 

Sweller et al., 1998; Van Merriënboer & Sweller, 2010). The redundancy effect is related to 

multiple sources of information that can be understood independently by the student (Sweller et 

al., 1998; Van Merriënboer & Sweller, 2010).  

 Germane load is optimized by the following effects, which include: (a) variability, (b) 

contextual interference, and (c) self-explanation (Van Merriënboer & Sweller, 2010). To apply 

the variability effect in nursing education, an educator can describe a particular clinical symptom 

and illustrate the symptom presentation using patients of different sex, age, physique, and 

medical history (Van Merriënboer & Sweller, 2010). Contextual interference would involve the 

educator replacing a series of tasks that have low contextual interferences with a series of tasks 

that have high contextual interferences (Van Merriënboer & Sweller, 2010); to achieve this 

effect, the nurse educator could present different variants of the proper way to feed a patient and 

order the variants in random order rather than a blocked order. The self-explanation effect can be 

achieved by presenting students with an animation of the human cardiovascular system and 

providing prompts that ask them to self-explain the underlying mechanisms (Van Merriënboer & 

Sweller, 2010) 

 The expertise reversal effect applies to novice learners and is not directly associated with 

the germane, intrinsic, or extraneous load. This effect indicates that strategies that work well for 

novice learners may not work well or may even have a negative effect on more experienced 

learners (Van Merriënboer & Sweller, 2010). The following strategies are applicable to the 
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expertise reversal effect: (a) completion, (b) fading guidance, (c) integrated to nonintegrated, and 

(d) dual-to-single-mode (Van Merriënboer & Sweller, 2010).  

 The intrinsic load is a direct function of a student’s prior knowledge and the complexity 

of the instructional activity (Van Merriënboer & Sweller, 2010). Therefore, the intrinsic load can 

be managed by two cognitive load effects, a simple to complex and a low to high fidelity strategy 

(Van Merriënboer & Sweller, 2010). The simple to complex strategy suggests that educators 

begin with low element interactivity (low-level content to be learned) and gradually work up to 

task in their full complexity (Van Merriënboer & Sweller, 2010). A low to high fidelity strategy 

suggests that educators start with a series of tasks in a low fidelity environment that decreases 

element interactivity and then increase to tasks in a higher fidelity environment.  

 Ultimately, the cognitive load effects can guide educators as they implement the 

cognitive load theory into their instructional designs and strategies. This theory may be useful as 

learning does not come about naturally; learning is reliant on the degree of complexity of new 

information to be processed and how information is presented (Leppink & Heuvel, 2015). 

Therefore, the implementation of cognitive load theory may maximize learning in the classroom 

environment.  

Cognitive Load in Higher Education Literature 

 The cognitive load theory has been applied in multiple disciplines within higher 

education. A search of the terms cognitive load theory and higher education yielded 67 peer-

reviewed, full text, English articles after duplicates were removed. The CLT has been applied in 

disciplines such as accounting (Blayney et al., 2015), anatomy and physiology (Macken & 

Ginns, 2014), architectural design (Wu et al., 2017), business (Cheng et al., 2015; Strang, 2011), 

chemistry (Agustian & Seery, 2017; Cardellini, 2014; Seery & Donnelly, 2012), English (Kyun 
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et al., 2013), mathematics (May, 2004; Miller, 2010), medicine (Leppink & Duvivier, 2016; 

Pickering, 2015), medical simulation (Haji et al., 2015), physics (Saw, 2017), physical therapy 

(Pociask & Morrison, 2004), psychology (Martin-Michiellot & Mendelsohn, 2001), and courses 

for foreign language students (Marefat et al., 2016; Roussel et al., 2017). 

 Authors among the studies tested or explored different components of the cognitive load 

theory. Within the various disciplines, some of the authors used the CLT as a framework to 

develop specific instructional strategies related to their discipline (Agustian & Seery, 2017; 

Marefat et al., 2016; Martin-Michiellot & Mendelsohn, 2001; Pickering, 2015; Roussel et al., 

2017; Seery & Donnelly, 2012), while others tested specific examples and effects of the CLT 

(Blayney et al., 2015; Cardellini, 2014; Cheng et al., 2015; Kyun et al., 2013; May, 2004; Miller, 

2010; Pociask & Morrison, 2004; Saw, 2017; Strang, 2011). The studies occurred in a face-to-

face classroom, online classroom, and simulation settings. The focus of the studies varied 

widely, but there were some similarities in focus and intent. 

 While essentially all researchers sought to decrease the extraneous cognitive load, some 

researchers implemented specific instructional strategies to decrease extraneous cognitive load 

(Cheng et al., 2015; Strang, 2011), such as incorporation of pre-classroom activities (Agustian & 

Seery, 2017; Seery & Donnelly, 2012), and revising or incorporating newly designed 

instructional strategies based on the specified content or discipline (Marefat et al., 2016; Martin-

Michiellot & Mendelsohn, 2001; Pickering, 2015; Roussel et al., 2017). Other researchers 

focused on testing the various effects outlined in the cognitive load theory such as worked 

examples’ effect (Cardellini, 2014; Kyun et al., 2013; Miller, 2010; Saw, 2017), expertise 

reversal effect (Blayney et al., 2015); and the split attention and redundancy effect (May, 2004; 

Pociask & Morrison, 2004).  
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 Additionally, within the education literature, the cognitive load theory has been used as a 

foundation for curriculum planning (Leppink & Duvivier, 2016) and secondary task performance 

(Haji et al., 2015). Other authors used the theory to explore the use of gestures during lecture 

(Macken & Ginns, 2014) and how the design of PowerPoint slides can increase the cognitive 

load of students (Cooper, 2009). There are few replication studies within each discipline which is 

most likely due to the infancy of the theory. 

 Overall, general higher education literature focuses on building validation for the theory 

as the literature attempts to support the assumptions of the theory or provide further insight. 

Additionally, many of the articles and research studies manipulated instruction and measured 

student learning. Some of the results found in general education studies are similar to those 

found in nursing education literature; for example, providing explicit instruction and tailoring 

learning to the expertise level of the learner is essential (Blayney et al., 2015; Seery & Donnelly, 

2012) and this notion is supported in the cognitive load theory.  

Cognitive Load Theory in Nursing Education 

 Due to the complex nature of nursing content, the cognitive load theory can help nurse 

educators understand the cognitive components of cognitive load that impact student learning 

(Chen et al., 2014) and can therefore be effectively applied in nursing classrooms to improve 

learning. There are many aspects of instructional design strategies used in the nursing classroom 

that can add to the extraneous cognitive load, hinder the germane cognitive load, and fail to 

recognize the unique aspects of the intrinsic cognitive load; yet, the cognitive load theory has 

been minimally applied to nursing education.  

 To date, there are less than 20 peer-reviewed articles in the nursing literature related to 

the cognitive load theory. Nurse educators and researchers have applied or examined the CLT to 
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nursing simulation (Josephsen, 2015, 2018; Lewis, 2019; McGarry et al., 2014; Nestel & 

Bearman, 2015; Reedy, 2015; Say et al., 2019; Schlairet et al., 2015), online classroom 

environments (Ausburn et al., 2010; Chen, 2016), clinical practice (Kissel & Filipek, 2017; 

Mulcock et al., 2017), comparison of asynchronous online versus face-to-face classroom learning 

(Hessler & Henderson, 2013; McMullan et al., 2011), and face-to-face classroom learning alone 

(Hsieh et al., 2016; Kaylor, 2014).  

Simulation 

 Simulation, as an instructional design strategy has been increasingly used in nursing 

education as a way to bridge the theory-practice gap and provide clinical learning experiences for 

students in academia that mimic the clinical environment. As the use of simulation has increased, 

questions regarding instructional design have developed. Josephsen (2015) noted that “as 

simulation grows in use educators are called to examine the premises of their simulation design 

and create simulations that meet learner’s cognitive architecture needs” (p. 264). Consequently, 

McGarry et al. (2014) suggested that based on the principles of the cognitive load theory, the 

current way in which human patient simulation is designed and evaluated in nursing education 

will not achieve behavior change in clinical practice. McGarry argued that educators should 

reconsider if learning has occurred and rethink instructional design strategies used in a 

simulation. With careful attention to the instructional design strategies used in a simulation, the 

CLT can assist educators in optimizing learning making simulation more effective (McGarry et 

al., 2014; Reedy, 2015).  

Researchers have used simulation to examine the cognitive load and compare it to 

performance anxiety and emotion after a simulation (Lewis, 2019; Schlairet et al., 2015), as a 

means to inform simulation design (Say et al., 2019) and apply key principles in the theory 
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(Josephsen, 2018). Schlairet et al. (2015) found no statistically significant results in measuring 

students’ cognitive load after a simulation while Lewis (2019) found significant relationships 

between cognitive load, anxiety, and student performance. Josephsen (2018) applied the worked 

example effect and noted that considerable CLT research opportunities exist related to 

simulation, instructional design, and implementation.  

 The NLN Jeffries’ simulation theory was published in 2016 to support the instructional 

design of simulation. Jeffries and colleagues developed this nursing theory to articulate the 

phenomena and relationships of simulation to the research community who will use the theory to 

guide practice (Jeffries, 2016). While the cognitive load theory is not a component of the 

Jeffries’ simulation theory, the foundation of the NLN Jeffries’ simulation theory is similar to the 

CLT. For example, Jeffries et al. (2016) considered how student learning is cognitively affected 

based on multiple instructional factors such as skill, educational techniques, and preparation.  

Additionally, NLN Jeffries’ simulation theory was informed by Chickering and 

Gamson’s (1987) seven principles for good practice in undergraduate education, which outlines 

empirical recommendations that have the potential to improve nursing education. Chickering and 

Gamson’s recommendations include many components that are emphasized throughout the 

literature to improve instructional design such as collaboration between students and educators, 

using active learning strategies, emphasizing time on tasks, communicating high expectations, 

respecting diverse talents and ways of learning, and giving prompt feedback. As simulation 

continues to be used and explored in nursing education, the NLN Jeffries’ simulation theory 

combined with the CLT may be beneficial to ensure students receive a psychologically 

appropriate and effective learning experience.  
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Online Teaching in Nursing Education 

 Three quantitative designs (Ausburn et al., 2010; McMullan et al., 2011; Salehi et al., 

2016) and one qualitative design (Chen, 2016) incorporating the cognitive load theory were 

applied to online teaching in nursing education. The qualitative study used the CLT to interpret 

students’ feedback (Chen, 2016) while the quantitative studies applied the CLT to online 

learning platforms such as virtual reality for surgical technology (Ausburn et al., 2010), an e-

learning module for medication calculation (McMullan et al., 2011), and an English grammar 

test for nursing students in Iran (Salehi et al., 2016).  

 Findings varied due to the nature of the design and purpose of the research. However, 

recommendations were consistent between two of the studies (Ausburn et al., 2010; Chen, 2016). 

Researchers noted that the extraneous cognitive load can be decreased if efforts are made in 

online classroom environments to orient students to technology, provide feedback, and combine 

audio and visuals, especially for feedback (Ausburn et al., 2010; Chen, 2016). While Salehi et al. 

(2016) did not focus their intervention on nursing content, their findings validated the application 

of the theory and noted that the reduction of the extraneous cognitive load improves learning.  

McMullan et al. (2011) did not discuss their use of the CLT in their recommendations, 

but instead focused on encouraging readers to use a similar e-module for medication calculation. 

However, McMullan et al. reported that students who received instruction based on the 

principles of the CLT performed better than students who learned via a traditional mode. The 

findings and recommendations from these three studies support the structure of the CLT as they 

endorse the use of explicit instruction and recommendation that learners should be given time to 

develop primary knowledge (i.e.: learning the product) before more complex tasks are added.  
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Clinical Practice 

 The cognitive load theory has recently been applied in clinical practice environments. 

Nurse educators applied the principles of the CLT to new graduate orientation in an intensive 

care unit (Kissel & Filipek, 2017) and in a medical-surgical course focusing on clinical site 

placements (Mulcock et al., 2017). The studies sought to decrease the extraneous cognitive load, 

enhance knowledge retention (Kissel & Filipek, 2017), and decrease students’ stress (Mulcock et 

al., 2017).  

 The results of the Kissel and Filipek’s (2017) study are not available online as their “re-

conceptualized” orientation program was presented at a critical care conference in Canada. 

However, it is important to note that the authors identified their program as the first of its kind in 

the literature. Mulcock et al. found that placing students in the same facility for consecutive 

semesters for medical-surgical clinical courses can increase students’ capacity to learn by 

reducing their total cognitive load. These authors showcased the capacity of the cognitive load 

theory to be applicable in the clinical setting. 

Classroom Teaching  

 The cognitive load theory has been minimally applied to synchronous classroom 

environments. To date, four peer-reviewed articles were found in nursing literature (Aldridge & 

Hummel, 2019; Hessler & Henderson, 2013; Hsieh et al., 2016; Kaylor, 2014). Two of the 

studies’ researchers collected qualitative feedback from students regarding the application of the 

cognitive load in a pharmacology course (Kaylor, 2014) and student feedback after skills 

teaching (Aldridge & Hummel, 2019). The other two studies’ researchers quantitatively 

measured the cognitive load related to various learning activities (Hessler & Henderson, 2013; 

Hsieh et al., 2016). 
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 Kaylor’s student participants reported positive qualitative feedback related to the 

application of the CLT to instructional design strategies. However, Hessler and Henderson 

(2013) found no statistically significant difference in the experimental versus the control group. 

Hsieh et al. (2016) and Aldridge and Hummel (2019) did not apply the principles of the CLT to 

their study; however, the quantitative study attributes the increase in the cognitive load in the 

intervention group compared to the control as a result of the students’ primary language 

(Chinese) and difficulty with the course content (research and evidenced-based practice) (Hsieh 

et al., 2016). Ultimately, the authors’ concluding thoughts were similar and they recommended 

further research on measuring the cognitive load and the comparison of instructional design 

strategies in nursing classrooms (Hessler & Henderson, 2013; Hsieh et al., 2016; Kaylor, 2014).  

 It is essential that educators consider psychological processes of learning, such as the 

cognitive load, when selecting instructional design strategies. Nursing “demands depth and 

breadth in domains in which knowledge is increasing, seemingly exponentially” (Benner et al., 

2010, p. 12); therefore, potentially increasing the extraneous cognitive load and decreasing 

learning. Additionally, it is important that nurse educators consider their students’ prior 

knowledge (intrinsic load) from pre-requisite coursework, employment in healthcare, or personal 

experiences. Over time nurse educators have become consumed with covering content inside the 

classroom, which has resulted in an additive curriculum (Diekelmann & Smythe, 2004) resulting 

in excessive content in nursing curriculum (Diekelmann et al., 2005) and negatively contributing 

to students’ cognitive load.  

 Through the lens of the cognitive load theory, the additive curriculum in nursing 

education reflects high element interactivity making it harder for the working memory and 

therefore increasing the cognitive load. Consequently, too much content can hinder learning as 
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there may be too many elements that interact, especially with novice learners. Educators have 

been challenged to tailor their instructional design strategies and include more student-centered 

learning environments that enhance learning outcomes and prevent cognitive overload or 

extraneous load. The challenge for nurse educators includes moving away from simply covering 

content, stepping out from behind the screen full of PowerPoint slides, and engaging students in 

an authentic learning environment (Benner et al., 2010; Tanner, 2004) that considers their natural 

psychological processes.  

 There are numerous calls within the discipline of nursing for educators to change their 

pedagogy and include active learning and integration of didactic and clinical. While innovative 

pedagogies such as narrative pedagogy have been suggested in the literature, it is important that 

educators consider how students learn (Diekelmann & Smythe, 2004) and capitalize on the 

uniqueness that students bring to the learning environment. Nurse educators may use the 

cognitive load theory to address the additive curriculum and implement strategies to maximize 

learning. While educators contemplate which instructional strategy works best (Hattie, 2015), it 

is also imperative that the instructional design and implementation of the strategies be 

empirically tested. Considering cognition and the psychology of learning, nurse educators can 

potentially design instruction and teach in a way that not only enhances learning but also 

provides employers with better-prepared graduates for clinical practice (Hessler & Henderson, 

2013).  

 Cognitive load theorists note that the effects have been supported by multiple overlapping 

experiments using a variety of materials and populations (Sweller et al., 1998); however, based 

on the review of related literature, there is a gap in the testing of the cognitive load effects within 

nursing education (Hessler & Henderson, 2013). It is imperative that the cognitive load effects be 
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tested with novice learners in nursing education as this biological secondary knowledge is 

complex.  

 Undergraduate nursing students complete pre-requisite courses prior to attending nursing 

school, and some students have experience from working in nursing assistant type roles. 

Therefore, an important first step in empirical studies is to examine the management of the 

intrinsic cognitive load as it combines the assessment of prior knowledge and scaffolding content 

and can end with the measurement of the cognitive load to include mental effort. Additionally, as 

nurse educators are called upon to improve instructional design and better prepare students for 

clinical practice, empirical studies that apply the cognitive load theory may be useful to support 

design structures. The CLT’s application to nursing curriculum is critical when introducing 

students to complex health professions’ material (Hessler & Henderson, 2013). If the psychology 

of learning is neglected in the classroom, novice learners are at risk of being subjected to the 

extraneous cognitive load, which is not beneficial for learning. 

Measuring Cognitive Load and Mental Effort 

 When Sweller and colleagues developed the cognitive load theory, there was no intent to 

quantitatively measure the intrinsic, extraneous, and germane loads as the effects were to be 

assumed (Sweller, 2018). As the CLT continues to evolve, attempts have been made to develop 

instruments that measure the cognitive load (Paas et al., 2003). However, researchers have found 

it difficult to find the best way to measure the theory’s multidimensional concept (Paas et al., 

2003), and some authors believed that the use of instruments that measure overall load have 

limited testing and application of theory (Young & Sewell, 2015). Therefore, the different 

instruments developed to measure cognitive load vary widely in number of categories and labels; 
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additionally, some of the scales have not been validated, which is problematic (Leppink et al., 

2013).  

 Furthermore, there is a debate within the literature questioning the most valid and reliable 

way to assess cognitive load (Paas et al., 2003; Schmeck et al., 2015). There are indirect 

measures, subjective measures, secondary task measures, and physiologic measures of cognitive 

load (Leppink & Heuvel, 2015; Schmeck et al., 2015). While objective measures such as 

psychophysiological measures (i.e., eye movement and heart rate) improve validity, its usability 

is limited due to feasibility, and objective measures do not distinguish between the different 

types of loads (Hadie & Yusoff, 2016). Therefore, the preferred method in the majority of 

current research has been to assess the cognitive load by subjective rating scales as they have 

been shown to be the most sensitive measure available to differentiate the cognitive load 

imposed by different instructional procedures (Leppink & Heuvel, 2015; Schmeck et al., 2015). 

Studies have demonstrated the effectiveness of subjective rating scales and researchers reported 

that the variations in the students’ cognitive load ratings depend on variations in task complexity 

or instructional design (Ayres, 2006; Paas et al., 2003).  

 In the 1990s, Fred Paas introduced the first subjective rating scale to measure cognitive 

load. The Paas nine-point mental effort rating scale examines mental effort which is a direct 

reflection of the cognitive load as it deals with the cognitive capacity that is allocated to 

accommodate the demands imposed by the task (Leppink et al., 2013; Paas et al., 2003). 

Therefore, researchers suggest that mental effort is measured while students are working on a 

task (Paas et al., 2003). 

 However, the Paas scale does not distinguish between different load types (Sweller, 

2018). As the theory continued to evolve, researchers recognized the importance of measuring 
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overall cognitive load to include the measurement of intrinsic, extraneous, and germane loads 

within a scale. Therefore, Leppink et al. (2013) developed a 10-item Likert scale with three 

subscales to measure each load type. This tool is relatively new and therefore has minimal 

validity data, but has yielded acceptable reliability (Hadie & Yusoff, 2016; Josephsen, 2018; 

Leppink et al., 2013). To date, the instruments developed by Leppink et al. (2013) have been 

modified and used in one nursing study related to simulation (Josephsen, 2018) and the Paas’ 

nine-point mental effort scale has been used in three nursing studies where the CLT’s concepts 

were minimally applied (Hessler & Henderson, 2013; Hsieh et al., 2016; Schlairet et al., 2015).  

Timing and Frequency of Measurement 

 Timing and frequency of cognitive load and mental effort measurements are important 

considerations for educators as it can affect the results of the study (van Gog et al., 2012). As 

researchers employ different measures of cognitive load at different timepoints and various 

frequencies within their educational interventions, there are likely to be differences in study 

results, and as a consequence, there will be differences in the conclusions that are drawn (van 

Gog et al., 2012). Cognitive load researchers support the measurement of cognitive load 

immediately after each task and at the end of a series of tasks, especially when it may be long in 

duration (Ayres, 2006; van Gog et al., 2012; Van Merriënboer et al., 2002). Additionally, 

repeating ratings over time such as in a repeated measures design gives the researcher 

information on the fluctuation in cognitive load (van Gog et al., 2012). 

Summary 

 While there are researchers in nursing literature that have applied the cognitive load 

theory to instructional design, less than five measured cognitive load using a valid and reliable 

rating scale. Additionally, only two studies’ researchers evaluated synchronous classroom 
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learning. Considering the current study called for a radical transformation of nursing education 

and the demand to implement new and innovate pedagogies under the umbrella of active learning 

(i.e.: group learning: cooperative learning and problem-based learning), it is important that the 

instructional design of such strategies be empirically tested for its effect on students’ existing 

cognitive architecture.  

 It is imperative that nurse educators continue to build the science of nursing education by 

using effective instructional design strategies that can be replicated. However, before replication, 

it is necessary for effective strategies to be documented with specific details of the instructional 

design to include strategies and a sequence of events. Therefore, this study’s theoretical 

framework to include the cognitive load theory informed by the NLN Jeffries’ instructional 

design theory for nursing and Piaget’s constructivist theory as the educational theory can offer an 

effective framework for instructional design practice in nursing education. In this chapter, I 

provided the evidence needed to support this quantitative study that examined how instructional 

design strategies, influenced by the principles of the cognitive load theory affected the cognitive 

load (including mental effort) of pre-licensure baccalaureate nursing students.  
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CHAPTER 3 

METHODOLOGY 

 In this chapter I will discuss the methodology of the study. The research design, setting, 

sample, instruments, and procedures are described. Procedures for recruitment of the sample, 

study implementation, data collection, data analysis, and protection of human participants are 

also discussed.  

Research Design 

 The research design used in this study was a two-within repeated-measures design, 

examining two outcomes (mental effort and intrinsic cognitive load), and one covariate (prior 

knowledge). A repeated-measures design was chosen because it allowed each participant to 

experience all research conditions, serving as their own control; therefore, decreasing the 

variance within and resulting in a more powerful test (Kellar & Kelvin, 2013; Verma, 2013). 

Additionally, this design allowed for the collection of data at multiple time points (Field, 2013; 

Verma, 2013). 

 In this repeated-measures design, there were two within-factors with two levels. The first 

within factor was the complexity and the two complexity levels were simple and complex. The 

second within factor was the instructional strategy and the strategies were and cooperative 

learning with a problem-based component. The simple-to-complex strategy represents the 

application of the cognitive load theory and is directly related to the intrinsic cognitive load. The 

instructional strategies were cooperative learning and cooperative learning with a problem-based 

component which represents the application of active learning strategies. This design was 

implemented across two consecutive lessons, nutrition/elimination and medication 

administration.  
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 The two outcomes in this study were the participants’ perception of mental effort and 

intrinsic cognitive load. Participants’ prior knowledge was a covariate in this study. The 

instruments used to measure the outcomes and covariates are discussed later in this chapter. 

Researcher 

 To support my qualifications to conduct this study, I will describe my level of education 

and experience. I hold a Master of Science in Nursing degree with a focus in nursing education 

and have been a nurse educator for more than six years. I am a Certified Nurse Educator and 

Certified Nurse Educator-Clinical as designated by the National League for Nursing. In 2016, I 

received a school wide award (Excellence in Teaching Award, Undergraduate) for my 

implementation of active learning strategies and innovation in the classroom. I have presented 

content related to best practices in teaching and learning at the local, regional, and national 

levels. Additionally, I am a certified healthcare simulation educator as designated by the Society 

for Simulation in Healthcare, which adds value to my expertise in implementing active learning 

strategies. Despite my experience and expertise, I recruited a research assistant to support this 

study for reasons described later in this chapter.  

Research Assistant 

 The research assistant was recruited from a local higher education institution. This person 

was interviewed and selected based on specific criteria. The research assistant completed and 

maintained an up-to-date Collaborative Institutional Training Initiative certificate for the study 

site and had basic knowledge in research methods. Additionally, they committed to collaborating 

with me to complete the following activities to include: (a) assisting with recruitment, (b) 

conducting information sessions, (c) assisting with data collection, and (d) data management. 

This person was not affiliated with the pre-licensure baccalaureate nursing program or the 
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foundations course at the study site. Once hired, the research assistant had access to all pertinent 

study data and electronic correspondence with the participants as appropriate.  

 The research assistant received monetary compensation for their time and efforts. The 

amount of compensation was determined based on an hourly rate of completed work. The hourly 

rate was determined by the current market rate of pay given to research assistants at the study 

site. The monetary compensation was made possible by a state research grant awarded for the 

purposes of this dissertation study.  

Research Setting and Sample 

 The setting for the research study was a Bachelor of Science in Nursing program in the 

northeast United States with a target population of pre-licensure students enrolled in their first 

semester of nursing school. The study site is a public university with an upper division nursing 

program. Students complete their pre-requisite courses at other institutions and transition to the 

study site to complete the nursing program. The students enter the program as first semester 

junior college students.  

 The study took place in a foundations of nursing course. This course focuses on the 

fundamentals of nursing and introduces students to principles of asepsis, the nursing process, 

care planning, communication, medication administration, caring for older adults, nutrition, 

elimination, and many other topics. The study was conducted across two consecutive class 

lessons, nutrition/elimination and medication administration. The two lessons were chosen 

because I believe they are similar in level of content complexity for the sample population.  

Sample 

 To ensure feasibility, a nonprobability convenience sample of participants was recruited 

to complete this study. Potential participants at the study site were made up of about 16% male 



 

 56 

students, 84% female students, and 52% minority students (L. Fillian, personal communication, 

June, 22, 2020). According to the 2019 census estimates, the environment surrounding the study 

site is relatively diverse as well. The study site’s surrounding county is comprised of 40% 

minority residents, 51.6% female residents, and 48.4% male residents (Census, 2019).  

 Inclusion criteria for this study were: (a) students enrolled in the designated foundations 

course at the study site and (b) students 18 years of age or older. Exclusion criteria were: (a) 

students with prior experience as a nurse (including licensed practical nurse or nurse in another 

country); (b) students repeating the designated nursing course (defined as having taken this level 

course at the designated university or another university); (c) students previously enrolled in a 

nursing program (defined as licensed practice nurse (LPN), diploma, associate degree nurse 

(ADN), BSN, or graduate entry-level program). 

Sample Size Estimate 

The study’s sample size was determined based on the amount of power necessary to 

detect statistical significance and reduce the risk of Type II errors (Polit & Beck, 2012). The 

sample size was estimated through a statistics simulation using a repeated measures analysis in 

the most current version of the Statistical Package for Social Sciences (SPSS) (J. Randolph, 

personal communication, July 2, 2020). A medium effect size was used in the computation 

between the instructional strategies, complexity levels, and the interaction. The statistics 

simulation in SPSS estimated the total sample size of 39 (J. Randolph, personal communication, 

July 2, 2020). A sample sample size of 39, indicated that power would be 1.00 for strategy and 

complexity, and .995 for the interaction (J. Randolph, personal communication, July 2, 2020). 
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Recruitment 

 A list of eligible students enrolled in the specified course in the BSN program was 

compiled. Student email addresses were obtained through the university department program 

manager. An initial recruitment email was sent to all students enrolled in the foundations course 

from my student account (not associated with the study site domain). See Appendix A for the 

recruitment email sent to participants.  

 Face-to-face recruitment is often more effective than email (Polit & Beck, 2012); 

therefore, the research assistant further attempted to recruit students via an announcement before 

and after two online synchronous lessons. The research assistant reviewed brief information 

about the study in an effort to recruit while an electronic version of the recruitment flyer (See 

Appendix B) displayed on the screen before and after the scheduled course meetings. 

Additionally, permissions were obtained to recruit via social media on the University 

Association of Nursing Students’ site. This social media site is secure and only admitted students 

are invited.  

Interested students were given instructions on attending an information session. Students 

had opportunities to ask questions during the information sessions. The information sessions 

lasted less than 15 minutes. The information sessions included general information about the 

study purpose, methodology, data collection, and data analysis procedures. A discussion about 

student risks, informed consent, eligibility criteria, adequacy of learning experiences, and 

participant incentives were highlighted. Interested students had an opportunity to voluntarily 

complete an informed consent after attending the information session. The informed consent was 

distributed via a secure online link and QR code presented to interested participants.  
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 Following completion of the online informed consent, participants were prompted to 

complete the demographic questionnaire and preknowledge test immediately. Informed consent 

and the demographic questionnaire were required before further study participation. Participants 

were informed that they could revoke their consent at any point during the study. Any student 

who did not meet eligibility criteria was excluded from the study and their demographic data 

were removed from the data set. 

Protection of Human Subjects 

 Prior to study implementation, Institutional Review Board (IRB) approval (See Appendix 

C) was obtained from Mercer University and the designated school of nursing (SON) in the 

northeast United States. Participants were provided with general information on the purpose and 

design of the study. All data were de-identified to maintain the privacy and confidentiality of the 

participants. Data are presented in the aggregate.  

 As the course director of the foundations course and the primary investigator of this 

research study, safeguards were needed to prevent threats to coercion. Therefore, the research 

assistant facilitated recruitment and conducted the information sessions. Potential participants’ 

right to self-determination as it relates to respect for human dignity outlined in the Belmont 

Report (Polit & Beck, 2012) were discussed and described in the information sessions. Potential 

participants were notified at the information sessions that there would be no incentive or penalty 

from the course director related to their interest, disinterest, or eligibility to participate in the 

research study. Additionally, student participation, interest, or eligibility did not affect the 

participants’ course grade.  
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Incentives 

 While all students had an opportunity to complete study instruments, IRB approval was 

obtained for participants (only) to receive up to a $25 monetary reward in the form of gift cards. 

The total amount was allotted in three separate stages as listed below: 

• Completion of demographic questionnaire and preknowledge tests = $5 gift card 

• Completion of educational intervention Lesson 1 (Virtual presence, participation, and 

completion of all instruments) = $10 gift card 

• Completion of educational intervention Lesson 2 (Virtual presence, participation, and 

completion of all instruments) = $10 gift card 

The research assistant notified participants of the timeframe in which they could expect to 

receive their electronic gift cards. We ensured that the participant met the criteria for each 

monetary incentive before incentives were awarded. Usual research operations in academic 

institutions were impacted by the COVID-19 pandemic; however, arrangements were made to 

ensure participants received their gift cards in a timely manner at the appropriate time point 

during study implementation. Gift cards were sent electronically, and delivery was verified per 

institution and study site IRB protocols. 

Measures and Covariates 

 All study data were self-reported by the participants using a series of instruments 

presented electronically in Qualtrics. For the purposes of clarity, I will describe each instrument 

separately. Some study instruments were researcher made while other study instruments were 

pre-existing instruments adopted from the available literature and used with permission from the 

original authors. 
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Researcher Made Instruments 

Experts’ Validity Assessment of Instructional Complexity  

I created the experts’ validity assessment of instructional complexity (validity 

assessment) to seek expert opinion and validation for the complexity levels of the activities that 

were provided as prompts for the instructional strategies. Experts rated the complexity of 

activities using a 10-point Likert-type response scale from one “simple” to 10 “complex.” 

Activities scored from one to five were denoted as simple and activities scored from six to 10 

were denoted as complex.  

A total of 16 activities were listed in the validity assessment for the experts to rate. Eight 

activities were worded exactly as I intended to use them within the lessons. The additional eight 

activities listed in the validity assessment used a higher or lower level Blooms taxonomy verb 

from the original wording. For example, the first item listed in the instrument for experts to rate 

read “List two reasons why it is important to increase or maintain water consumption in older 

adults”; the second item listed in the instrument read “Determine two reasons why it is important 

to increase or maintain water consumption in older adults.” Note the verb in each statement was 

different, one is low level and one is high level according to Blooms taxonomy, but the activity 

remains the same. Experts rated each item along the Likert-type scale and were given the option 

to suggest improved verbiage or wording of the activity via a blank textbox beside each item.  

I invited five content experts to examine the planned activities for the two lessons. 

Content experts were selected based on their experience in nursing education related to the 

relevant content in the study. Inclusion criteria for content experts were: (a) at least five years of 

experience teaching in a foundations type nursing course; (b) at least 10 years of experience in 

higher education; (c) masters or doctoral degree in nursing education or related field and/or 
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certification as a nurse educator. Exclusion criteria for content experts was: (a) inability to 

complete and return the assessment within the requested timeframe. Content experts were 

identified between the study site (n = 3) and the academic institution in which this dissertation 

was guided (n = 2). Following IRB approval, identified content experts were invited to complete 

the validity assessment via email and were given a Qualtrics web link to the validity assessment 

(See Appendix D). Content experts were not financially compensated for their time.  

There were a total of eight activities (four simple and four complex) included in the 

assessment that were intended for use in the study and analyzed after experts completed the 

survey. The internal consistency for the validity assessment in this study yielded a Cronbach’s α 

of .89 for all eight items. The four simple activities yielded a Cronbach’s α of .8 and the four 

complex activities yielded a Cronbach’s α of .79.  

 Five qualified experts participated in the initial complexity validity assessment via the 

Qualtrics survey. Figure 2 outlines the average expert ratings for the four simple activities and 

the four complex activities used in the research study. Some of the activities for the lessons were 

edited as needed based on the expert ratings. Of note, activity number four in Figure 2 was 

revised due to extreme differences in ratings. While the majority of experts (n = 3) rated this 

activity with the same value (rating of four out of 10; simple), two raters scored the activity as 

very complex (both rating eight out of 10). The two raters who scored this activity at an eight 

also made additional comments in the Qualtrics survey suggesting that the verbiage of the 

activity needed to be improved. Therefore, I attempted to seek additional expert opinion on this 

particular activity (#4) from two experts via telephone. The two experts assisted me in revising 

the activity that was used in the intervention and denoted it as simple. 
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Figure 2 

Experts Validity Assessment of Instructional Complexity Mean Scores Error Bar 

 

 

 

Note. Original Image. Items labeled AS, BS, ES, FS are simple items; Items labeled DC, HC, 

CC, IC are complex items. 

 

Table 1 and Table 2 outline the simple and complex items intended for use in the study along 

with their respective descriptive statistics.  

 

  

Simple Items Range and Mean Score Complex Items Range and Mean Score 

5       6        7        8 1          2           3           4 
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Table 1 

 

Description of Validity Assessment Results (Simple Items)  

 

Label Item M (SD) Median 

1.  Lesson 1: List 2 reasons why it is important to increase or 

maintain water consumption in older adults. 

1.4 (0.89) 1 

2.  Lesson 1: Describe how 2 [choose 2 only] components of 

pharmacokinetics (absorption, distribution, metabolism, or 

excretion) can be altered in older adults due to physiologic 

changes brought about by aging. 

 4.4 (1.82) 5 

3.  Lesson 2: List at least 2 types of medications you expect to 

be ordered for this patient.* 

2.8 (2.39) 2 

4.  Lesson 2 version 1: Describe your primary concern as the 

nurse and list 2 education points that you would discuss.* 

5.6 (2.19) 4 

Note. Expert raters N = 5. *See Table 4 for complete case study. Scores on the validity 

assessment ranged from one “simple” to 10 “complex”; Activities scored from one to five were 

denoted as simple and activities scored from six to 10 were denoted as complex. 

 

Table 2 

 

Description of Validity Assessment Results (Complex Items) 

 

Label Item M (SD) Median 

5.  Lesson 1: Determine 4 priority nursing actions and 

interventions to address your concerns and that will help the 

client reach the intended elimination goals.* 

7.4 (1.52) 8 

6.  Lesson 2: Determine how the nurse should properly apply each 

of the 11 rights of medication administration. 

6.0 (2.12) 6 

7.  Lesson 1: Prioritize the case study components of most 

concern to the nurse. Include a rationale.* 

7.4 (1.95) 6 

8.  Lesson 2: Predict how errors may occur at each step of the 

nursing process related to medication administration. 

7.4 (2.07) 7 

Note. Expert raters N = 5. *See Table 4 for complete case study. Scores on the validity 

assessment ranged from one “simple” to 10 “complex”. Activities scored from one to five were 

denoted as simple and activities scored from six to 10 were denoted as complex. 

 

Table 3 outlines the interclass correlation for average measures as well as the confidence intervals 

using a mixed class correlation coefficient with consistency. 
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Table 3 

 

Interclass Correlation Coefficient for the Validity Assessment 

 

 Intraclass correlationb 95% Confidence interval f test with true 

value 0 

    Lower 

bound Upper bound Value df1 df2 Sig 

Single measures .49a .17 .9 8.85 4 28 0 

Average measures .88c .62 .98 8.85 4 28 0 

Note. Two-way mixed effects model where people effects are random and measures effects are 

fixed.  

a. The estimator is the same, whether the interaction effect is present or not.  

b. Type C intraclass correlation coefficients using a consistency definition. The between-measure 

variance is excluded from the denominator variance.  

c. This estimate is computed assuming the interaction effect is absent, because it is not estimable 

otherwise.  

 

Demographic Questionnaire 

Common questions needed to identify the basic demographics and overall population of 

the participants were listed in the demographic questionnaire (See Appendix E). Additionally, 

screening questions were included to determine inclusion and exclusion criteria for the study. 

See Appendix F for a list of all study variables, instruments, possible range of scores, and score 

interpretations.  

Preknowledge Test 

I created this instrument informed by Carnegie Mellon University’s (2020) Eberly Center 

for teaching excellence and educational innovation. This instrument is a Likert-type rating scale 

that the participants used to describe their knowledge of the course content planned for the two 

lessons, nutrition/elimination and medication administration. Participants read a total of eight 

concepts; four concepts were related to prior knowledge of nutrition and elimination content and 

four concepts were related to prior knowledge of medication administration content. An example 
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of a concept in the preknowledge instrument is “Describe your ability to apply concepts of 

nutrition/elimination during a nursing assessment.” Participants rated their familiarity with the 

concepts by choosing one of the four options from the Likert-type scale. The lowest option on 

the Likert-type scale stated, “I have never heard of these concepts or I have heard of them but do 

not know how to apply them” the highest option states, “I can explain what the concepts are and 

how to apply them, I have used them.”  

This instrument was used to control for any prior knowledge that the participant brought 

to the lesson (i.e., the intrinsic cognitive load). The mean score of the preknowledge tests was the 

covariate in this research design. For this study, the first preknowledge test yielded a Cronbach’s 

α of .97 and the second preknowledge test yielded a Cronbach’s α of .85. See Appendix G for the 

preknowledge tests. 

Pre-existing Measures 

Mental Effort Rating Scale 

The Paas mental effort scale was created in 1990 has been used extensively in the 

literature to examine the demands on students’ mental effort imposed by an activity assigned by 

an educator (Leppink et al., 2013; Paas et al., 2003; Sweller, 2018), and I used this scale for this 

study. Studies have shown that this scale can be reliable and sensitive to small differences in 

cognitive load (Leppink et al., 2013; Paas et al., 2003; Sweller, 2018). Psychometric data for the 

scale have revealed Cronbach’s α of .9 (Paas, 1992) and .82 (Paas & Van Merriënboer, 1994). 

Concurrent validity was shown by the scale’s sensitivity to detect variations in task complexity 

(Paas et al., 1994) and variations in intrinsic load during learning activities (Ayres, 2006).  

 Paas’ scale is a unidimensional rating scale that presents participants with one item in 

which they have to translate their perceived amount of mental effort into a numerical value (van 
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Gog & Paas, 2008). Participants were asked to rate their mental effort during the lesson on a 

nine-point Likert-type response scale from one “very, very low mental effort” to nine “very, very 

high mental effort” (Paas et al., 2008). Possible range of scores are from one to nine. The higher 

the score, the higher the mental effort. Fort this study, I established practical significance a priori 

as a 3.00 point change in scores on the Paas scale as indicative of a practically significance 

change in scores between complexity and activities. See Appendix H for the Paas mental effort 

rating scale used with permission.  

Cognitive Load Rating Scale 

Leppink et al. (2013) developed the cognitive load subjective rating scale which I used in 

this study. Subjective ratings of the intrinsic cognitive load were measured using one subscale 

from the 10-item Cognitive Load Rating Scale (CLRS). The CLRS measures the three constructs 

of cognitive load, which include: (a) intrinsic cognitive load, (b) extrinsic cognitive load, and (c) 

germane cognitive load. Respondents rate their perception of the lesson or activity on a 10-point 

Likert-type response scale from zero “not at all the case” to 10 “completely the case” (Leppink et 

al., 2013). Each construct of the cognitive load theory is a subscale of the 10-item instrument.  

 The first subscale (items one-three) contains three items that measure the intrinsic 

cognitive load (IL), participant total scores can range from zero-30. The second subscale (items 

four-six) contains three items that measure the extraneous cognitive load (EL), participant total 

scores can range from zero–30. The last subscale (items seven–10) contains four items that 

measure the germane cognitive load (GL), participant total scores can range from zero–40. The 

higher the score, the higher the cognitive load. The first subscale (measuring intrinsic cognitive 

load) was used in this study. For this study, I established practical significance a priori for the 
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Cognitive Load Rating Subscale (IL) as a difference of 4.00 for items individually and a 

difference of 12.00 for the sum and total subscale score (three items combined). 

 Reliability coefficients such as Cronbach’s α of .70 are acceptable, especially for 

subscales; coefficients of .80 or greater are highly desirable (Polit & Beck, 2012). The 

instrument yielded acceptable reliability, and the authors of the instrument presented the 

respective Cronbach’s α of each subscale (IL = .81, EL = .75, GL = .82). Hadie and Yusoff 

(2016) concluded that the scale has a high level of convergent validity as evidenced by 

composite reliability values between .83 and .95. Additionally, the scale yielded factor loadings 

of more than 0.4 (Pignatiello et al., 2018) when examining two subscales (IL and EL) and 0.5 

(Hadie & Yusoff, 2016) when examining all three subscales (IL, EL, and GL) suggesting an 

adequate convergent validity.  

In this study, the Cognitive Load Rating Subscale for intrinsic load yielded acceptable 

Cronbach’s α coefficient’s above .70. Table 4 outlines the reliability coefficient during each 

wave of the study. See Appendix I for the Cognitive Load Rating Subscale for intrinsic load used 

with permission. The instrument directions and format were edited with permission from the 

authors to align with the content presented in this research study.  

Table 4 

 

Study Reliability for the Cognitive Load Rating Subscale (Intrinsic Load) 

 

Lesson Cronbach’s alpha 

Subscale Time 1 (Lesson 1: Simple, CPL) .92 

Subscale Time 2 (Lesson 1: Complex, CPL + PBL) .96 

Subscale Time 3 (Lesson 2: Simple, CPL +PBL) .95 

Subscale Time 4 (Lesson 2: Complex, CPL) .95 
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Experimental Procedures 

 Masking of the participants or me as the researcher was unable to occur due to the nature 

of the research design. Therefore, participants had knowledge of the study conditions in this 

educational intervention. Figure 3 describes the protocol and experimental procedures. There 

were multiple components within this experimental procedure that consist of four sections to 

include: (a) pre-intervention steps, (b) participant actions, (c) sequence of events, and (d) actions 

conducted by me (the researcher). 

To read Figure 3, use the boxes shaded in grey as a guide. View the pre-intervention 

steps first, and follow the arrows from left to right beginning with IRB approval. The pre-

intervention steps took place prior to the educational intervention. Next, review the educational 

intervention by viewing the grey boxes labeled participant actions, sequence of events, and 

researcher actions within each lesson; follow the arrows in this section vertically, from top to 

bottom. Participant actions outline the experience of each participant and their expected actions 

during each lesson. The sequence of events highlight the sequential flow of each lesson. The 

researcher actions outline what I did within each lesson to conduct the educational intervention. 

Following Figure 3, further details regarding each of the four sections in the grey boxes are 

further explained. Figure 3 also describes the role of the participant during the educational 

intervention.  

Participant Actions 

 All participants experienced the same study conditions as there was no control or 

intervention groups in this repeated-measures design. To prevent disruption in the classroom, all 

students whether deemed consented participants, ineligible, or who did not consent to participate 

in the study had an opportunity to participate in using all instruments during the lessons. An 
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announcement was made that those who did not consent to be in the study or who are ineligible 

would not have their data analyzed for the purposes of the study and would not receive the 

monetary incentive.  

 To begin the educational intervention, participants listened to the content in the lecture. 

Once the lecture portion concluded, participants completed the Paas and CLRS instrument. Next, 

participants engaged in the activities for each instructional strategy (CPL and CPL with PBL). 

Following each instructional strategy activity, participants completed the Paas and CLRS 

instruments.  

During the pair and share portion of the instructional strategy activities, participants 

joined a breakout session that was randomly assigned using the virtual learning platform. 

Participants paired with a peer and then shared within a larger group. Participants were in groups 

of four to five for the share portion of the activities.  

Sequence of Events 

 The sequence of events describes the events that took place during each of the two 

lessons. Lesson 1 focused on nutrition and elimination content and Lesson 2 focused on 

medication administration content. Lesson 1 and Lesson 2 occurred in consecutive weeks within 

the academic semester. Each lesson was held for approximately two hours long in a synchronous 

online environment.  

The same instructional strategies were used in both lessons to include lecture, cooperative 

learning, and CPL with a problem-based component. Lecture was the first instructional strategy 

delivered for 25 minutes. Following lecture, each CPL and CPL with a PBL activity began with a 

simple prompt, followed by a complex prompt. Time allotted for the simple activities was 

approximately 15 minutes. Time allotted for the complex activities was approximately 25 
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minutes. See Figure 3 for a visual depiction of the sequence of each lesson and instructional 

strategy.  
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Figure 3 

Research Protocol and Experimental Procedures 

Note. Original image. 



 

 72 

Activity Prompts 

 Two of the instructional strategies were active learning strategies (CPL and CPL with a 

PBL component); therefore, requiring an activity with a prompt. There were four different 

activities. Table 5 outlines the activities and their associated prompts. These were the activities 

evaluated by experts in the validity assessment. 

Table 5 

Lesson Activity Prompts for Simple and Complex Instructional Strategies 

 

Lesson 1 Lesson 2 

Simple CPL activity Simple CPL + PBL activity 

a. List 2 reasons why it is important to increase or   

maintain water consumption in older adults. 

b. Describe how 2 [choose 2 only] components of 

pharmacokinetics (absorption, distribution, 

metabolism, or excretion) can be altered in older 

adults due to physiologic changes brought about 

by aging. 

 

You are a nurse caring for a 68-year-old 

patient. The patient’s medical history 

includes hypertension, and diabetes mellitus 

(type 2). After completing your assessment, 

you note that the patient is not compliant 

with their medications.  

a. List at least 2 types of medications 

you expect to be ordered for this 

patient. 

b. Based on the patient’s medication 

noncompliance, list two education 

points that you would discuss with 

this patient. 

Complex CPL + PBL activity Complex CPL activity 

You are caring for a 78-year-old patient recently 

admitting to a long-term care facility after a fall at 

home, followed by a total hip replacement and a 3-

week stay at a sub-acute rehab facility. The patient has 

Parkinson’s disease and early stage dementia (Aware of 

their disease and A&0x4 with occasional forgetfulness). 

Currently, the patient is refusing to eat the food at the 

long-term care facility. The patient’s last bowel 

movement was 4 days ago, and the patient has had no 

urine output in the past 24 hours. 

a. Prioritize the case study components of most 

concern to the nurse. Include a rationale. 

b. Determine 4 priority nursing actions and 

interventions to address your concerns and that 

will help the client reach the intended 

elimination goal. 

a. Predict how errors may occur at each 

step of the nursing process related to 

medication administration. 

b. Determine how the nurse should 

properly apply each of the 11 rights 

of medication administration. 
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Researcher Action 

 I conducted the educational intervention with minor assistance from the research 

assistant, who did not conduct any of the teaching. Due to the study’s implementation during the 

COVID-19 pandemic, the educational intervention took place synchronously in an online 

classroom environment. Therefore, the research assistant assisted me with technical issues as 

needed to include helping participants join breakout groups for the activities and providing the 

weblink for completion of the instruments during data collection. My specific role as the 

researcher related to the sequence of events during the two lessons is outlined in Figure 3. Each 

lesson began with me reading the lecture objectives, then the instructional strategies were 

implemented. 

Data Collection 

Data were collected at multiple time points during this research study. Figure 3 outlines 

each data collection time point. Participants and students entered their names on all instruments. 

Once eligible participants were identified, all instruments were de-identified by the research 

assistant. Survey instruments were sent to participants via an online weblink and QR code 

displayed on a PowerPoint slide.   

Data Management, Analysis, and Plan per Research Questions 

 All study data were managed and secured in an electronic password-protected software 

that me and the research assistant accessed. Data were analyzed per the research questions. Prior 

to analysis, data diagnostics and screening were performed. 

Data Diagnostics 

All survey responses were imported into the most current version of SPSS. Data were 

cleaned for accuracy. Continuous variables are graphically displayed using a histogram and 
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categorical variables are graphically displayed using a frequency plot in Chapter 4. Once 

normality and frequencies were determined, I assessed the data for univariate and multivariate 

outliers. Once outliers and nonnormal distributions were identified, I decided if data 

transformations were acceptable (Tabachnick & Fidell, 2013). To transform the data, I checked 

that the variable was normal or near normal distribution after transformation by trying one 

transformation after another until I found the transformation that produced the skewness and 

kurtosis values nearest zero or with the fewest outliers (Tabachnick & Fidell, 2013). The specific 

transformations were dependent on the distribution, and I followed guidance from Tabachnick 

and Fidell in determining whether to use data transformations. Most importantly, I checked my 

transformation after applying it and made the best decision for the analysis, which is discussed in 

Chapter 4. 

Attrition, Contextual Changes, and Missing Data  

 Attrition and missing data were examined for each phase of the study. Missing data were 

analyzed for its potential to be problematic based on an examination of each variable (Polit & 

Beck, 2012). Missing data were examined for its randomness and cumulative effect. Once 

missing data were analyzed, the best approach was determined.  

 I used Little’s Missing Completely at Random (MCAR) test to show whether data were 

missing completely at random (Tabachnick & Fidell, 2013). I also examined the data for missing 

not at random and missing at random (Tabachnick & Fidell, 2013). Cases were missing at 

random, concentrated in a few variables, and were not critical to the analysis, or highly 

correlated with other complete variables, therefore, I deleted them as this is the recommendation 

and default option in SPSS (Tabachnick & Fidell, 2013).  
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There was no attrition between the three phases of the research study. However, there 

were some contextual changes for participants as the study progressed from Lesson 1 to Lesson 

2. Participants took a morning examination in a different course on the day Lesson 2 took place. 

Participants arrived at the learning experience of the second lesson slightly anxious as they 

awaited exam results from the previous course. While I attempted to take the time to calm some 

students’ feelings of anxiety, it is possible that participants had a difficult time fully engaging in 

the lesson and completing the research surveys. Additionally, due to the COVID-19 pandemic, it 

is possible that unexpected distractions could have occurred in the participants’ virtual learning 

space that deterred them from completing the research surveys during the lesson. 

Descriptive Analyses 

 Descriptive statistics were used to characterize the sample and examine frequency 

distributions and percentages for nominal and ordinal level data. Measures of central tendency 

were examined for interval/ratio level data. All interval/ratio level data were examined for 

normality to assure they met assumptions of parametric statistics. In Chapter 4, I will report the 

mean, sample size, and standard deviations for each outcome as well as a histogram for each 

variable. 

Inferential Analyses  

I conducted correlational and repeated measures analyses to answer the research 

questions. Correlational analyses were used for the first research question. Repeated measures 

analyses were used for the second and third research questions. 

Correlational Analyses  

RQ1: What are the relationships among student characteristics, prior knowledge, 

perceived mental effort, and intrinsic cognitive load?  
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An exploratory analysis was used to examine the relationships among student 

characteristics, prior knowledge, perceived mental effort, and intrinsic cognitive load. Student 

characteristics data are reported from the demographic questionnaire previously discussed. Data 

were reported in the aggregate. Assumptions for a Pearson correlation (Kellar & Kelvin, 2013) 

were not met, so I ran a Spearman correlation. The assumptions for a correlational analysis 

include the following (Kellar & Kelvin, 2013):  

1. The two variables are on either the interval measurement scale or the ratio measurement 

scale.  

2. The variables are related to each other in a linear fashion. 

3. There are no outliers.  

Repeated Measures Analyses 

A repeated-measures analysis was used to examine the two within-factors, lesson 

complexity and instructional strategies, and their effect on the two outcomes, mental effort and 

intrinsic cognitive load. These variables were controlled for with the covariate prior knowledge 

mean score. Research questions two and three were examined with repeated measures analyses 

and were stated as:  

RQ2. To what degree does lesson complexity and instructional strategies (cooperative 

learning and cooperative learning with a problem-based learning component) impact mental 

effort; when accounting for prior knowledge?  

2a. To what degree does lesson complexity (simple or complex) affect mental effort when 

accounting for prior knowledge? 
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2b. To what degree does the instructional strategy (cooperative learning and cooperative 

learning with a problem-based component) affect mental effort when accounting for prior 

knowledge? 

2c. To what degree is there an interaction between lesson complexity and the 

instructional strategy? 

RQ3. To what degree does lesson complexity and instructional strategies (cooperative 

learning and cooperative learning with a problem-based learning component) impact perceived 

intrinsic load; when accounting for prior knowledge?  

3a. To what degree does lesson complexity (simple or complex) affect perceived intrinsic 

load when accounting for prior knowledge? 

3b. To what degree does the instructional strategy (cooperative learning and cooperative 

learning with a problem-based component) affect perceived intrinsic load when 

accounting for prior knowledge? 

3c. To what degree is there an interaction between lesson complexity and the 

instructional strategy? 

 There were five assumptions that were to be met within this repeated-measures design 

prior to statistical analysis (Kellar & Kelvin, 2013; Verma, 2013). The five assumptions were as 

follows: 

1. Participants: Should be randomly selected from the population.  

2. Data type: Both of the independent factors should be categorical, and the dependent 

factor should be interval or ratio level.  

3. Independence of observation: The measurement obtained on each participant must be 

independent to each other.  
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4. Normality: The dependent variable must be normally distributed.  

5. Sphericity: The different scores computed between any two levels of a within-subjects 

factor must have the same variance.  

The participant random assignment assumption was met with the grouping of participants during 

the instructional strategy activities. Assumption two was met. Assumption three is addressed in 

the limitations section of this chapter. Assumptions four and five are addressed with data 

analysis in Chapter 4. Normality was tested using Shapiro-Wilk’s statistic (Verma, 2013) and 

data transformations were examined as all data were not normally distributed. Sphericity was 

assumed as it requires three levels (this study used two levels); therefore, it was corrected related 

to the degrees of freedom (Verma, 2013).  

Limitations 

Design Limitations 

 A disadvantage to the repeated-measures design was the carry over effect and the order 

effect, which had the potential to affect the participants’ performance (Verma, 2013). The carry 

over effect is described as the participation in treatment one affects the participants’ performance 

(i.e., fatigue) in treatment two, therefore creating a confounding variable that varies with the 

independent variable (Verma, 2013). The order effect refers to the improvement or decline in 

participant performance during study procedures due to potential learning from the first 

procedure or fatigue by undergoing treatments in a specific order (Verma, 2013). It is possible 

that participants experienced fatigue although the two lessons occurred seven days apart, the 

content varied between the lessons, and the sequence of events within the lesson were slightly 

reversed between Lesson 1 and Lesson 2. However, the potential was likely not a result of the 
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study, but external factors and stimuli contributing to participant variation. The participant is the 

greatest variant in educational research (Hattie, 2015).  

Sample Limitations 

 There were some limitations to the sample of this study. I used a nonprobability 

convenience sample. While this sampling type was not the most robust, the individuals selected 

themselves for the study at random. Sample characteristics were compared during data analysis, 

and the sample for this study is believed to represent the larger population of nursing students. 

Furthermore, participants were randomly placed into their individual groups during the activities 

for the think-pair-share portion of the lessons using Zoom web-based technology.  

Independence Assumption Limitation 

 This design of this study presented a potential violation to the assumption of 

independence due to group work. The instructional strategies in this study were planned so that 

students worked together as a portion of the planned activities within the lessons. However, I 

believe that students had the ability to independently rate their mental effort and intrinsic 

cognitive load effectively despite the group work implemented within the educational 

intervention. Randomly placing participants within their work groups during the lesson assisted 

with potential violations of this assumption. Furthermore, Field (2013) noted that the condition 

of independence is not applicable in a repeated-measures design as the scores are taken from the 

same entities under different experimental conditions and are therefore likely to be related. 

Summary 

 In this chapter, I summarized the methodology of the study. The research study employed 

a repeated-measures design with two within-factors with two levels. The sample was comprised 

of BSN students in their first semester of nursing school who met the inclusion criteria. Statistics 
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were used to measure variables outlined in the conceptual framework guided by the research 

questions. The study took place at a school of nursing (SON) in the northeast United States. Data 

collection began in the spring of 2021. The study was approved by both the college-wide IRB 

through which I am receiving mentorship through doctoral studies and the SON where I obtained 

the sample of BSN students.  
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CHAPTER 4 

 

RESULTS 

 In this chapter, I will present the results of this research study. Procedures used to 

maintain treatment fidelity is discussed. The sample is described, and the participant flow is 

outlined. Descriptive and inferential statistics are provided for study variables and data analysis 

related to the research questions are presented. 

Treatment Fidelity  

 The intervention was implemented as intended per the methods outlined in Chapter 3. I 

delivered both lessons in an effort to maintain consistency in teaching style and decrease any 

variability in the intervention delivery. The repeated-measures design occurred across two 

consecutive lessons allowing participants to serve as their own controls and decreasing the 

within or error variance.  

The time period between Lesson 1 and Lesson 2 was a total of seven days. This time 

period was determined by the course schedule. Within the course, the content of focus, 

nutrition/elimination and medication administration is placed at a specific time and consecutively 

within the academic semester. Additionally, the follow-up time as described assisted in 

preventing extraneous variables from influencing the covariate of prior knowledge.  

Participants adhered to the intervention without complications and were present during 

the educational interventions. Additionally, they participated in all instructional strategies during 

the two lessons. Participants entered their randomly assigned breakrooms during the active 

learning instructional activities. 
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Setting 

 The research study took place 100% online using Zoom web-based video 

communications. Participants accessed Zoom for information sessions and lessons via a provided 

web-link. Participants were encouraged to turn on their cameras during the research study 

interactions.  

Recruitment  

 Participants were recruited via email and synchronous announcements before and after 

several course sessions prior to the recruitment period end date. Recruitment activities occurred 

between January 21, 2021 and February 13, 2021. Synchronous virtual information sessions 

were held four times during the recruitment period. Participants were encouraged to attend an 

information session. In an effort to retain participants in the study, incentives for completing the 

consent, demographics questionnaire, and Lesson 1 activities were distributed prior to Lesson 2. 

Additionally, participants were encouraged to email the research assistant with any questions or 

concerns.  

Participant Flow 

 All students (N = 82) enrolled in the course were invited to participate in the study. 

However, only 45 students consented to participate in the study. Six additional students accessed 

the survey but did not progress past the first two questions pertaining to the consent and their 

name; these six students did not complete the initial survey before the recruitment period ended 

and the Qualtrics web-based survey closed. Figure 4 outlines the participant flow through the 

study.  
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Figure 4 

 

Participant Flow Through Study Stages 

 

 
Note. Original image. 
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Participant Demographics 

 The demographic questionnaire was used to obtain information about the study 

participants to include age, gender, race, highest education level, and previous experience in 

healthcare. These data are presented in Table 6. Overall, the study participants were primarily 

female (N = 39; 86.7%). Participant age ranged from 18–39 years old with a mean age of 26.05 

years (SD = 6.09). The sample was relatively diverse in terms of race and included Asian (n = 

12; 30.8%), Black or African American (n = 12, 30.8%), White (n = 9, 23.1%), Hispanic or 

Latino (n = 4, 10.3 %), and other (n = 2, 5.1%). Participants had some college credit (n = 13, 

33.3%) or an associate’s degree (n = 17, 43.6%). The majority of participants did not have 

previous experience in healthcare (n = 28, 71.8%). 

Table 6 

 

Demographic Characteristics of Sample (N = 39) 

 

 n % M     SD 

Age   26.05   6.09 

Gender    

Female  34 87.2 %  

Male 5 12.8%  

Race    

Black or African American 12 30.8 %  

Asian 12 30.8 %  

White 9 23.1 %  

Hispanic or Latino 4 10.3 %  

Other 2 5.1 %  

Highest education level    

Some college credit 13 33.3 %  

Associates degree 17 43.6 %  

Bachelor’s degree 9 23.1 %  

Previous healthcare experience    

No previous experience 28 71.8 %  

Certified nursing assistant experience 5 12.8 %  

Certified geriatric nursing assistant 

Experience 

3 7.7 %  

Emergency medical technician experience 1 2.6 %  

Other 4 10.3 %  
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Overview of Data Handling 

 Data were cleaned prior to analysis. SPSS Version 27 was used to analyze the data. Data 

were de-identified by the research assistant and imported into SPSS from Excel. Data were 

cleaned prior to running of analyses. Frequencies were run on all study variables and missing 

data were assessed. Non normal distributions were tested using data transformations. 

Missing Data 

 There were no missing data for Phase 1 of the research study (demographics and 

preknowledge tests). However, there were data missing for Lesson 1 and Lesson 2. During 

Lesson 1, one participant did not complete 1 out of 3 sets of surveys. During Lesson 2, five 

participants did not complete either one of three or two of three of the sets of surveys. Despite 

the increase in missing data from Lesson 1 to Lesson 2, no participants expressed their intent to 

withdraw from the study.  

Based on my interpretation of Little’s MCAR, there was no systematic pattern for the six 

(13 %) participants with data missing at different timepoints during the lessons. Little’s MCAR 

test yielded a nonsignificant result for the Paas scale, 2 (8) = 7.19, p = .516, and the CLRS, 2 

(8) = 4.89, p = .773; therefore, MCAR was inferred (Tabachnick & Fidell, 2013). Consequently, 

the six (13%) cases with missing data were deleted from the analysis. 

The cases with missing data (n = 6, 13%) were a random subsample of the whole sample 

(N = 45), therefore, list wise deletion was a good alternative (Tabachnick & Fidell, 2013). While 

there are no firm guidelines for how much missing data can be tolerated for a given sample size; 

list wise deletion was used based on recommendations from Tabachnick and Fidell (2013). 

According to Tabachnick and Fidell (2013), the pattern of missing data is more important than 
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the amount missing and if only 5% or less are missing from a large data set, the problems are less 

serious and can be handled in various ways and yield similar results. 

Data Transformations 

 Distributions were analyzed using histograms. The Paas scale was not normally 

distributed; therefore, data transformations were tested. Syntax was created to redo the Paas scale 

variable in the analysis. See Appendix J for the SPSS data transformations syntax. The analyses 

were run with and without transformed Paas variables and it made no substantive difference in 

the interpretation of results (J. Randolph, personal communication, April 23, 2021). 

Additionally, the transformed data yielded results uninterpretable when compared to the original 

scoring of the scales (Tabachnick & Fidell, 2013) causing a potential issue with interpretation of 

practical significance, discussion of findings, and dissemination of results. Therefore, I decided 

to use the more interpretable, untransformed version of the Paas scale variable to analyze results 

and discuss the study findings.  

Some new variables were created related to the instruments in the study and used in the 

analysis. New variables were created for the preknowledge tests and the Cognitive Load Rating 

Subscale. Participants’ mean score was calculated for the combined preknowledge tests and used 

in the analysis. Both tests measured prior knowledge on nursing content, therefore, scores were 

combined and averaged to allow the use of one variable (versus two) as the covariate to control 

for prior knowledge as outlined in the research questions. This new variable was labeled 

“PKMean.” See Appendix J for the syntax used to create this new variable and Appendix K for 

the codebook used in this research study.  

 Additionally, a new variable was created for the Cognitive Load Rating Subscale 

(intrinsic load). The scores for the three questions on the Cognitive Load Rating Subscale for 
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intrinsic load were added together in Excel for a total score. Total sores for each of the four 

assessments of intrinsic load collected twice in Lesson 1 and twice in Lesson 2. The codebook in 

Appendix K lists these new variables. 

Covariate and Outcome Variables 

 This repeated-measures design involved two-within factors (complexity and instructional 

strategy) with two levels (mental effort and intrinsic cognitive). The covariate was prior 

knowledge via the preknowledge tests mean score. I will describe individual data for these study 

variables in the phases in which they occurred. The independent and dependent variables were 

the same for each wave of the study. There were three data collection phases in this research 

study: 

• Phase 1: Preknowledge Tests Mean  

• Phase 2: Lesson 1: Subject = Nutrition/elimination 

o Paas Scale (per complexity and instructional strategy) 

o Cognitive Load Rating Subscale Total (per complexity and instructional strategy) 

• Phase 3: Lesson 2: Subject = Medication administration 

o Paas Scale (per complexity and instructional strategy) 

o Cognitive Load Rating Subscale Total (per complexity and instructional strategy) 

Preknowledge Tests 

Participants read a total of eight concepts; four concepts were related to prior knowledge 

of nutrition and elimination content (Lesson 1) and four concepts were related to prior 

knowledge of medication administration content (Lesson 2). Alongside the consent and 

demographics, prior to the lessons, participants rated their familiarity with the concepts by 

choosing one of four options from the Likert-type scale. The lowest option on the scale was 
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given a score of zero and stated, “I have never heard of these concepts or I have heard of them 

but do not know how to apply them.” The highest option on the scale was given a score of three 

and stated, “I can explain what the concepts are and how to apply them, I have used them.” This 

instrument was used to control for any prior knowledge that the participant brought to the lesson 

(i.e., the intrinsic cognitive load) and is the covariate of the research design. For this study, the 

Cronbach’s α were acceptable. The first preknowledge test yielded a Cronbach’s α of .97, and 

the second preknowledge test yielded a Cronbach’s α of .85.  

Overall, participants expressed a wider range of scores for prior knowledge in the area of 

nutrition elimination (scores ranged from 0–3) and a smaller range of scores for prior knowledge 

in the area of medication administration (scores ranged from 0–2). The unadjusted participant 

scores for Lesson 1 (nutrition and elimination) and Lesson 2 (medication administration) are 

provided in Tables 7 and 8 respectively.  
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Note. N = 39. Items in bold are > + 8-point (raw point) difference compared to other items in the 

table. 

  

Table 7 

 

Lesson 1: Nutrition and Elimination Prior knowledge Scores (Unadjusted) 

 

 Never heard 

n (%) 

Some idea 

n (%) 

Clear idea 

n (%) 

Can explain 

n (%) 

Describe your ability to apply 

concepts of nutrition/elimination 

during a nursing assessment. 

9 (23.1) 24 (61.5) 3 (7.7) 3 (7.7) 

     

Describe your ability to apply 

concepts of nutrition/elimination 

during the identification of nursing 

interventions. 

11 (28.2) 23 (59) 4 (10.3) 1 (2.6) 

     

Describe your ability to apply 

concepts of nutrition/elimination 

during the management of patient 

care. 

11 (28.2) 22 (56.4) 5 (12.8) 1 (2.6) 

     

Describe your ability to apply 

concepts of nutrition/elimination 

during the identification of patient 

problems. 

13 (33.3) 21 (53.8) 4 (10.3) 1 (2.6) 
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Note. N = 39. Item in bold is > + 10-point (raw point) difference compared to other items in the 

table. 

Table 8 

 

Lesson 2: Medication Administration Prior Knowledge Scores (Unadjusted) 

 

 

 Never heard 

n (%) 

Some idea 

n (%) 

Clear idea 

n (%) 

Can explain 

n (%) 

Describe your ability to apply 

concepts of pharmacology 

(pharmacokinetics and 

pharmacodynamics)  

to medication administration. 

15 (38.5) 21 (53.8) 2 (5.1) 1 (2.6) 

     

Describe your ability to apply 

concepts of the eleven rights of 

medication administration in the 

clinical setting 

30 (76.9) 6 (15.4) 2 (7.7) 0 

     

Describe your ability to apply 

concepts of the nursing process to 

medication administration. 

18 (46.2) 16 (41) 5 (12.8) 0 

     

Describe your ability to apply 

concepts of concepts of medication 

administration to patient  

problems. 

20 (51.3) 15 (38.5) 4 (10.3) 0 
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A histogram of the preknowledge tests mean scores appeared to be somewhat normally 

distributed. The skewness statistic yielded a score of 0.56 (SE = .38) indicating no excessive 

skew. The kurtosis statistic yielded a score of -0.19 (SE = 0.74) indicating no excessive kurtosis. 

Excessive skew and excessive kurtosis were defined as numbers greater than +1 or lower than -1 

(Hair et al., 2017). As displayed in Figure 5, the first two bars show a floor effect. Participants 

had varied but little prior knowledge in the content of the lesson. The overall score for the prior 

knowledge tests was M = 0.73 (SD = 0.52).  

Figure 5 

 

Histogram: Preknowledge tests mean scores and frequency 

 

 
 

Note. Original image. 

 

Paas and Cognitive Load Rating Subscale per Lesson 

 Participants completed the Paas scale (measuring mental effort) and the Cognitive Load 

Rating Subscale (measuring intrinsic cognitive load) after each simple and complex activity 

(CPL and CPL + PBL) between the two lessons. Scores on the Paas scale range from one “very, 
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very low mental effort” to nine “very, very high mental effort” (Paas et al., 2008). The higher the 

score, the higher the mental effort. In this study mean scores on the Paas scale across both 

lessons ranged from M = 5.18 (SD = 1.78) to M =5.49 (SD = 1.67). The simple and complex 

activity in Lesson 1 yielded the same numerical average. See Table 9 for the unadjusted means 

and standard deviations per the lessons in the intervention. Histograms associated with each 

intervention and instructional strategy per outcome variables are shown in Figures 6 through 13. 

Table 9 

 

Unadjusted Means and Standard Deviations for Paas and CLRS (Intrinsic Load) per 

Intervention 

 

 Intervention 1 

CPL  

(simple)  

Intervention 1 

CPL + PBL 

(complex) 

Intervention 2 

CPL + PBL 

(simple) 

Intervention 2 

CPL  

(complex) 

Measure M SD M SD M SD M SD 

Paas Scale 

(Mental 

Effort) 

5.49 1.65 5.49 1.67 5.18 1.78 5.38 1.61 

CLRS 

(Intrinsic 

Load) 

14.00 6.46 13.79 6.46 12.67 6.33 14.30 6.48 

Note. N = 39. CLRS = Cognitive Load Rating Subscale (Intrinsic load). CPL = Cooperative 

learning; CPL + PBL = Cooperative learning with a problem-based learning component. Paas 

scale scores range from one to nine. CLRS total scores range from zero–30. 

 

The second outcome was the CLRS, a subscale was used to measure the intrinsic 

cognitive load. In this study, the Cronbach’s α coefficients for the CLRS were acceptable and 

above .70. This subscale contained three questions and total subscale scores ranged from zero–

30. The higher the score, the higher the cognitive load. See Table 9 for an overview of observed 

outcome variable means and standard deviations for CLRS per the lessons in the intervention.  

Unadjusted mean scores on the Cognitive Load Rating Subscale (CLRS) for intrinsic load 

ranged from M =12.67 (SD = 6.34) to M =14.31 (SD = 6.48). The mean for the CLRS scores in 

Intervention 1 remained nearly the same from the simple M =14 (SD = 6.46) to the complex M 
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=13.79 (SD = 6.46) activities. Histograms associated with each intervention and instructional 

strategy per outcome variables are shown in Figures 6 through 13. 

Figure 6 displays a histogram of the Paas scale sores after the simple CPL strategy 

activity of Lesson 1. The histogram appears to be somewhat normally distributed with a skew to 

the left. The skewness statistic yielded a score of -0.92 (SE = 0.38) indicating no excessive skew. 

The kurtosis statistic yielded a score of -0.19 (SE = 0.74) indicating no excessive kurtosis. 

Excessive skew and excessive kurtosis were defined as numbers greater than +1 or lower than -1 

(Hair et al., 2017). The mean Paas score during this simple CPL activity was M =5.49 (SD = 

1.65).  

Figure 6 

 

Lesson 1: Cooperative Learning-Simple (Paas Scale) 

 
Note. Original image. 

 

Figure 7 displays a histogram of the Paas scale scores after the complex CPL plus PBL 

strategy activity of Lesson 1. The histogram appears to be somewhat normally distributed with a 

slight skew to the left. The skewness statistic yielded a score of -0.84 (SE = 0.38) indicating no 
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excessive skew. The kurtosis statistic yielded a score of 0.55 (SE = 0.74) indicating no excessive 

kurtosis. Excessive skew and excessive kurtosis were defined as numbers greater than +1 or 

lower than -1 (Hair et al., 2017). The mean Paas score during this complex CPL plus PBL 

activity was 5.49 (SD = 1.67).  

Figure 7 

 

Lesson 1: Cooperative Learning + Problem-Based Learning-Complex (Paas Scale) 

 

 
Note. Original image. 
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Figure 8 displays a histogram of the Cognitive Load Rating Subscale total scores after 

the simple CPL strategy activity of Lesson 1. The histogram appears to be somewhat normally 

distributed. The skewness statistic yielded a score of 0.05 (SE = 0.38) indicating no excessive 

skew. The kurtosis statistic yielded a score of 0.38 (SE = 0.74) indicating no excessive kurtosis. 

Excessive skew and excessive kurtosis were defined as numbers greater than +1 or lower than -1 

(Hair et al., 2017). The total mean Cognitive Load Rating Subscale score during this simple CPL 

activity was 15 (SD = 6.46).  

Figure 8 

 

Lesson 1: Cooperative Learning-Simple (Cognitive Load Rating Subscale-Intrinsic Load) 

 
 

Note. Original image. 
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Figure 9 displays a histogram of the Cognitive Load Rating Subscale total scores after 

the complex CPL plus PBL activity of Lesson 1. The histogram appears to be somewhat 

normally distributed with a slight skew to the right. The skewness statistic yielded a score of -

0.11 (SE = 0.38) indicating no excessive skew. The kurtosis statistic yielded a score of -0.67 (SE 

= 0.74) indicating no excessive kurtosis. Excessive skew and excessive kurtosis were defined as 

numbers greater than +1 or lower than -1 (Hair et al., 2017). The mean total Cognitive Load 

Rating Subscale score during this complex CPL plus PBL activity was 13.79 (SD = 6.46).  

Figure 9 

 

Lesson 1: Cooperative Learning + Problem-Based Learning-Complex (Cognitive Load Rating 

Subscale) 

 

 
 

Note. Original image. 
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Figure 10 displays a histogram of the Paas scale scores after simple CPL plus PBL 

strategy activity of Lesson 2. The histogram appears to be somewhat normally distributed with a 

slight skew to the left. The skewness statistic yielded a score of -0.70 (SE = 0.38) indicating no 

excessive skew. The kurtosis statistic yielded a score of 0.27 (SE = 0.74) indicating no excessive 

kurtosis. Excessive skew and excessive kurtosis were defined as numbers greater than +1 or 

lower than -1 (Hair et al., 2017). The mean Paas score during this simple CPL plus PBL activity 

was 5.18 (SD = 1.78).  

Figure 10 

 

Lesson 2: Cooperative Learning + Problem-Based Learning-Simple (Paas Scale) 

 

 
 

Note. Original image. 
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Figure 11 displays a histogram of the Paas scale scores after the complex CPL strategy 

activity in Lesson 2. The histogram appears to be somewhat normally distributed with a slight 

skew to the left. The skewness statistic yielded a score of -0.83 (SE = 0.38) indicating no 

excessive skew. The kurtosis statistic yielded a score of 0.62 (SE = 0.74) indicating no excessive 

kurtosis. Excessive skew and excessive kurtosis were defined as numbers greater than +1 or 

lower than -1 (Hair et al., 2017). The mean Paas score during the complex CPL strategy activity 

was 5.38 (SD = 1.61).  

Figure 11 

 

Lesson 2: Cooperative Learning -Complex (Paas Scale) 

 

 
Note. Original image. 
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Figure 12 displays a histogram of the Cognitive Load Rating Subscale total scores after 

the simple CPL plus PBL strategy activity of Lesson 2. The histogram appears to be somewhat 

normally distributed. The skewness statistic yielded a score of -0.09 (SE = 0.38) indicating no 

excessive skew. The kurtosis statistic yielded a score of -0.59 (SE = 0.74) indicating no excessive 

kurtosis. Excessive skew and excessive kurtosis were defined as numbers greater than +1 or 

lower than -1 (Hair et al., 2017). The mean total Cognitive Load Rating Subscale score during 

this simple CPL plus PBL activity was 12.67 (SD = 6.34).  

Figure 12 

 

Lesson 2: Cooperative Learning + Problem-Based Learning-Simple (Cognitive Load Rating 

Subscale) 

 

 
 

Note. Original image. 
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Figure 13 displays a histogram of the Cognitive Load Rating Subscale total scores after 

the complex CPL strategy activity of Lesson 2. The histogram appears to be somewhat normally 

distributed and is multimodal. The skewness statistic yielded a score of -0.32 (SE = 0.38) 

indicating no excessive skew. The kurtosis statistic yielded a score of -0.27 (SE = 0.74) 

indicating no excessive kurtosis. Excessive skew and excessive kurtosis were defined as numbers 

greater than +1 or lower than -1 (Hair et al., 2017). The mean total Cognitive Load Rating 

Subscale score during this complex CPL was 14.31 (SD = 6.48).  

Figure 13 

 

Lesson 2: Cooperative Learning -Complex (Cognitive Load Rating Scale) 

 

 
 

Note. Original image. 
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Statistical Test Assumptions  

There were several assumptions for the two-within repeated measures test. Assumptions 

of a continuous dependent variable, two-within subjects with two or more categorical levels were 

met and there were no significant outliers. The sphericity assumption was not applicable as there 

were only two levels of within factors in this study. The condition of independence is also not 

applicable in a repeated measures design as the scores are taken from the same entities under 

different experimental conditions and are therefore likely to be related (Field, 2013). 

Normality of the dependent variable was assessed using SPSS. The Cognitive Load 

Rating Subscale was normally distributed as assessed by Shapiro-Wilk’s test of normality on 

participant total scores. A Shapiro-Wilk test yielded normality for: 

• Lesson 1: Time 1 (Simple CPL): W(39) = 0.98, p = .567 

• Lesson 1: Time 2 (Complex CPL + PBL): W(39) = 0.98, p = .514 

• Lesson 2: Time 1 (Simple CPL + PBL): W(39) = 0.98, p = .613 

• Lesson 2: Time 2 (Complex CPL): W(39) = 0.97, p = .302 

The Paas scale was not normally distributed assessed by Shapiro-Wilk’s test of normality 

on participant scores. A Shapiro-Wilk test showed a departure from normality each time the Paas 

scale was administered:  

• Lesson 1: Time 1 (Simple CPL): W(39) = 0.91, p = .004  

• Lesson 1: Time 2 (Complex CPL + PBL): W(39) = 0.92, p = .008  

• Lesson 2: Time 1 (Simple CPL + PBL): W(39) = 0.92, p = .008  

• Lesson 2: Time 2 (Complex CPL): W(39) = 0.92, p = .008  

Consistent with Shapiro-Wilks tests, the histograms for the Paas scale indicated left 

skews. Figure 14 displays a comparison of the histograms associated with the nonnormal Paas 
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scales at each wave of data collection. Although this variable was not normally distributed, the 

repeated measures design is robust to violations of normality and the test is still capable of 

providing valid results (Laerd Statistics, 2015). The dependent variables were examined for 

extreme outliers and excessive skewness. There were no outliers or excessive skewness 

identified.  

Figure 14 

Histogram Comparison for Paas Scale 

 

Paas Scale Lesson 1, Time 1  

(Simple, CPL) 

 

 

Paas Scale Lesson 1, Time 2  

(Complex, CPL + PBL) 

 

 

Paas Scale Lesson 2, Time 1  

(Simple, CPL + PBL) 

 
 

Paas Scale, Lesson 2, Time 2  

(Complex, CPL) 

 

Note. Original image. 
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Findings Per Research Question 

 Prior to running the analysis per research question, I set practical significance as a 3.00 

change in scores on the Paas scale as indicative of a practically significance change in scores 

between complexity and activities. I established practical significance a priori for the Cognitive 

Load Rating Subscale as a difference of 4.00 for the three individual items and a difference of 

12.00 for the sum and total subscale scores. The research questions were answered using the 

appropriate statistical analysis as described. 

RQ1- What are the relationships among student characteristics, prior knowledge, 

perceived mental effort, and intrinsic cognitive load? 

Spearman’s correlation coefficient was used to examine this research question. This 

nonparametric test was chosen because it is less influenced by outliers and nonnormal 

distributions (Kellar & Kelvin, 2013). Correlational analysis was used to examine relationships 

among participant characteristics to include previous education, previous experience in 

healthcare, prior knowledge, and dependent variables mental effort (Paas rating scale) and the 

intrinsic cognitive load (Cognitive Load Rating Subscale). See Table 10 and Table 11 for the 

correlation matrix outlining the Paas rating scale and the Cognitive Load Rating Subscale 

respectively.  

The correlations were interpreted using Draper’s (2020) interpretation of Cohen’s 

statistical analysis for behavioral sciences. The majority of the effects were weak, and none were 

statistically significant. Correlations for student characteristics and mean prior knowledge ranged 

from rs(37) = -.03, p > .05 to rs(37) = .31, p > .05. As expected, there was a medium effect 

between participants with previous healthcare experience as a certified nursing assistant (CNA) 

and mean scores in prior knowledge, rs(37) = .32, p >.05. Additionally, the activities included: 
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(a) cooperative learning/simple, (b) cooperative learning/complex, (c) CPL with a PBL 

component/simple, and (d) CPL with a PBL component/complex, revealed a medium to large 

correlation ranging from rs(37) = .24, p >.05 to rs(37) = .65, p > .05, when compared with each 

other as outlined in Table 10 and Table 11. Surprisingly, the simple CPL and complex CPL + 

PBL activities showed a large correlation in both the Paas scores, rs(37) = .65, p > .05, and 

Cognitive Load Rating Subscale, rs(37) = .67, p > .05.
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Note. *Coding for categorical variables: 1=High school graduate or equivalent, 2=Some college credit, 3=Associate degree, 4=Bachelor's degree, 

5=Master's degree, 6=Doctoral degree. Items in bold are > .5; Items italicized are > .3; EDUC = Highest level of education completed by the participant; 

PREVEXP = Previous healthcare experience: PREVEXPNO=No previous experience; PREVEXPCNA=Certified Nursing Assistant (CNA); 

PREVEXPGNA=Geriatric Nursing Assistant (GNA); PREVEXPEMT =Emergency Medical Technician (EMT); PREVEXPOTH=Other (OTH); 

Classification of activity prompts with PAAS scale= CPL + PBL Complex (Cooperative learning + Problem-based learning, complex); CPL + PBL 

Simple (Cooperative learning + Problem-based learning, simple); CPL Simple (Cooperative learning, simple); CPL Complex (Cooperative learning, 

complex); Mean Prior Knowledge= Mean scores on prior knowledge tests; Paas scale scores range from one to nine.  

Table 10 

 

Correlation Matrices of Relationships between Participant Characteristics and Mental Effort 

 
 Coding M SD 1 2 3 4 5 6 7 8 9 10 11 

EDUC *  2.9 0.74 1           

PREVEXPNO 
1 (yes) 

0 (no) 
0.28 0.46 .07 1          

PREVEXPCN

A 

1 (yes) 

0 (no) 
0.13 0.34 .08 .61 1         

PREVEXPGN

A 

1 (yes) 

0 (no) 
0.08 0.27 .08 .46 0.46 1        

PREVEXPEM

T 

1 (yes) 

0 (no) 
0.03 0.16 -.19 .25 -.06 -.05 1       

PREVEXPOT

H 

1 (yes) 

0 (no) 
0.10 0.31 .09 .53 -.13 -.1 -.06 1      

PAAS, CPL, 

Simple 
 5.49 1.65 .11 -.02 -.02 -.16 .27 -.03 1     

PAAS, CPL + 

PBL, Complex 
 5.49 1.66 .07 .03 -.01 .01 .27 -.03 .65 1    

PAAS, CPL + 

PBL, Simple 
 5.18 1.77 .09 .06 .13 -.03 .11 -.01 .48 .24 1   

PAAS, CPL, 

Complex 
 5.38 1.61 0 .1 .17 -.04 .21 -.02 .44 .28 .65 1  

Mean prior 

knowledge 
 0.73 0.51 -.03 .27 .31 .00 .12 .1 .31 .16 .1 .06 1 
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Table 11 
 
 

Correlation Matrices of Relationships between Participant Characteristics CLRS 

 

 
Coding M SD 1 2 3 4. 5. 6. 7. 8. 9. 10. 11. 

EDUC * 2.9 0.74 1           

PREVEXPNO 
1 (yes) 

0 (no) 
0.28 0.46 .07 1          

PREVEXPCNA 
1 (yes) 

0 (no) 
0.13 0.34 .08 .61 1         

PREVEXPGNA 
1 (yes) 

0 (no) 
0.08 0.27 .08 .46 .46 1        

PREVEXPEMT 
1 (yes) 

0 (no) 
0.03 0.16 -.19 .25 -.06 -.04 1       

PREVEXPOTH 
1 (yes)  

0 (no) 
0.1 0.31 .09 .53 -.13 -.09 -.05 1      

CLRS, CPL, 

Simple 

 
14.0 6.46 .15 .17 .02 .15 .22 .01 1     

CLRS, CPL + 

PBL, Complex 

 
13.79 6.46 .25 0 -.07 -.15 .24 .09 .67 1    

CLRS, CPL + 

PBL, Simple 

 
12.67 6.33 .03 .13 .12 .03 .05 .14 .35 .36 1   

CLRS, CPL, 

Complex 

 
14.31 6.48 -.05 .31 .06 .29 .22 .13 .46 .3 .60 1  

Mean prior 

knowledge 

 
0.73 0.51 -.03 .27 .31 0 .12 .1 .13 .06 .1 -.04 1 

Note. *Coding for categorical variables: 1=High school graduate or equivalent, 2=Some college credit, 3=Associate degree, 4=Bachelor's degree, 5=Master's 

degree, 6=Doctoral degree; Items in bold are > .6; Items italicized are > .4; EDUC = Highest level of education completed by the participant; PREVEXP = 

Previous healthcare experience: PREVEXPNO=No previous experience, PREVEXPCNA=Certified Nursing Assistant (CNA), PREVEXPGNA=Geriatric 

Nursing Assistant (GNA); PREVEXPEMT=Emergency Medical Technician (EMT); PREVEXPOTH=Other (OTH); Classification of activity prompts with 

CLRS (CLRS)= CPL + PBL Complex (Cooperative learning + Problem-based learning, complex); CPL + PBL Simple (Cooperative learning + Problem-based 

learning, simple); CPL Simple (Cooperative learning, simple); CPL Complex (Cooperative learning, complex); Mean Prior Knowledge= Mean scores on prior 

knowledge tests; CLRS total scores range from zero to 30.  
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The statistical model of the within factor of complexity, learning strategy, and the 

interaction of the learning strategy was used for RQ2 and 3. The covariate was prior knowledge 

(mean score).  

RQ2: To what degree does lesson complexity and instructional strategies (cooperative 

learning and cooperative learning with a problem-based learning component) impact mental 

effort; when accounting for prior knowledge?  

2a. To what degree does lesson complexity (simple or complex) affect mental effort when 

accounting for prior knowledge? 

There was a difference in the estimated marginal mean scores of 0.21 between the simple 

(M = 5.43, SE = 0.25) and complex (M = 5.22, SE = 0.24) activities. Mean scores indicate that 

participants rated the simple activity slightly higher on the mental effort scale in comparison to 

the complex activity. Based on the Paas scale, scores four, five, and six indicate: 

• Four = rather low mental effort 

• Five= neither low nor high mental effort 

• Six= rather high mental effort” 

 Complexity of the lesson did not lead to statistically significant changes in mental effort 

(Paas scale) when accounting for prior knowledge, F(1, 36) = 0.70, p = .407, 𝜂2 = .02, indicating 

that the mean change in score between the simple (M = 5.43, SE = 0.25 ) and complex (M = 

5.22, SE = 0.24) strategies was not significant. Based on Draper’s (2020) interpretation of 

Cohen’s statistical analysis for behavioral sciences, the interpretation of partial eta squared (𝜂2) 

indicates a small effect. I established practical significance a priori at 3.00, indicating that a 

difference in 3.00 points on the Paas scale would suggest practically significant results in a 

difference in complexity between the activities. The change in mean scores between the simple 
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and complex activities related to participants perceived mental effort was therefore practically 

and statistically insignificant. See Table 12 for the estimated marginal means and Figure 15 for 

the profile plot associated with this research question.  

Table 12 

 
 

Estimated Marginal Mean: Complexity for Paas 

 

   95% Confidence Interval 

Complexity Mean Std. Error Lower bound Upper bound 

Simple 5.43a 0.24 4.93 5.93 

Complex 5.22a 0.24 4.72 5.71 

Note. N = 39. The Paas scale ranges from 1 “very, very low mental effort” to 9 “very, very high 

mental effort”. Practical significance was set at a 3.00 difference in Paas Scale mean scores; a 

Covariates appearing in the model are evaluated at the following values: Means Prior Knowledge 

= 0.75. 

 

Figure 15 

 

Profile Plot: Complexity and Mental Effort 

 

 
Note. Original image. 
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2b. To what degree does the instructional strategy (cooperative learning and cooperative 

learning with a problem-based component) affect mental effort when accounting for prior 

knowledge?  

There was a difference in estimated marginal mean scores of 0.11 between the CPL (M = 

5.38, SE = 0.22) and CPL with a PBL component (M = 5.27, SE = 0.23) activities. Mean scores 

indicate that participants rated the CPL activity slightly higher on the mental effort scale in 

comparison to the CPL with a PBL activity. Based on the Paas scale, scores four, five, and six 

indicate: 

• Four = rather low mental effort 

• Five = neither low nor high mental effort 

• Six = rather high mental effort” 

The instructional strategy of the lesson did not lead to statistically significant changes in 

mental effort (Paas scale) when accounting for prior knowledge F(1, 36) = 0.44, p = .511, 

𝜂2=.01, indicating that the difference in mean scores was not significantly greater between the 

CPL (M = 5.38, SE = 0.22) and CPL with a PBL component (M = 5.27, SE = 0.23). I established 

practical significance a priori at 3.00, indicating that a difference in 3.00 points on the Paas scale 

would suggest practically significant results in a difference in instructional strategies between the 

activities. The change in mean scores between the CPL and CPL + PBL activities related to 

participants perceived mental effort was therefore practically and statistically insignificant. 

Based on Draper’s (2020) interpretation of Cohen’s statistical analysis for behavioral sciences, 

the interpretation of partial eta squared (𝜂2) indicates a small effect. See Table 13 for the 

estimated marginal means and Figure 16 for the profile plot associated with this research 

question.  
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Table 13 

 
 

Estimated Marginal Mean: Instructional Strategy for Paas  

 

   95% Confidence Interval 

Strategy Mean Std. Error Lower bound Upper bound 

CPL 5.38a 0.22 4.92 5.84 

CPL + PBL 5.27a 0.23 4.80 5.75 

Note. N = 39. The Paas scale ranges from 1 “very, very low mental effort” to 9 “very, very high 

mental effort”. Practical significance was set at a 3.00 difference in Paas Scale mean scores. a 

Covariates appearing in the model are evaluated at the following values: Means Prior Knowledge 

= 0.75. 

 

Figure 16 

 

Profile Plot: Instructional Strategy and Mental Effort 

 

 
 

Note. Original image. 
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2c. To what degree is there an interaction between lesson complexity and the instructional 

strategy? 

When examining the variable mental effort (Paas scale) alone while controlling for prior 

knowledge, there was no statistical interaction between lesson complexity and the instructional 

strategy, F(1) = 0.70, p = .40, 𝜂2 =.01. Despite the statistical result from SPSS, the results in the 

profile plot illustrated in Figure 17 shows an interaction between complexity (simple and 

complex) and the instructional strategies (CPL and CPL with a PBL (CPL + PBL) component) 

related to mental effort. Irrespective of treatment, participants found that the complex scenarios 

(CPL: M = 5.31, SE = 0.25; CPL + PBL: M = 5.13, SE = 0.29) required slightly less mental 

effort then the simple scenarios (CPL: M = 5.47, SE = 0.26; CPL + PBL: M = 5.42, SE = 0.26). 

There was no statistically significant difference in mean scores by strategy or complexity and the 

practical significance set a priori was also insignificant. There was a small effect (Draper, 2020). 

See Table 14 for the estimated marginal means and Figure 17 for the profile plot associated with 

this research question.  

Table 14 

 

Estimated Marginal Mean: Complexity and Instructional Strategy Interaction for Paas 

 

    95% Confidence Interval 

Complexity Strategy Mean Std. Error Lower bound Upper bound 

Simple 
CPL 5.47a 0.26 4.91 5.98 

CPL + PBL 5.42a 0.26 4.87 5.96 

Complex 
CPL 5.31a 0.25 4.79 5.84 

CPL + PBL 5.13a 0.29 4.54 5.72 

Note. N = 39. The Paas scale ranges from 1 “very, very low mental effort” to 9 “very, very high 

mental effort”. Practical significance was set at a 3.00 difference in Paas Scale mean scores a 

Covariates appearing in the model are evaluated at the following values: Means Prior Knowledge 

= 0.75. 
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Figure 17 

 

Profile Plot: Interaction Between Complexity and Instructional Strategy (Paas Mental Effort) 

 

 
Note. Original image. 

 

A two-within repeated-measures ANOVA was conducted to determine if there were 

statistically significant differences in the Paas mental effort scale between the two lessons. The 

statistical test examined complexity (simple and complex) and instructional strategies (CPL or 

CPL + PBL) while controlling for prior knowledge. Table 15 represents the ANOVA results. 

Over time, while controlling for prior knowledge, the results of the Paas mental effort scores 

were not statistically significant for changes in complexity, F(1, 36) = 0.70, p = .4, instructional 

strategy (treatment), F(1, 36) = 0.44, p = .51, and both complexity and treatment F(1, 36) = 0.70, 

p = .4. 
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Note. Computed using α = .05; Paas scale scores range from one to nine.  

 

RQ3: To what degree does lesson complexity and instructional strategies (cooperative 

learning and cooperative learning with a problem-based learning component) impact perceived 

intrinsic load; when accounting for prior knowledge?  

3a. To what degree does lesson complexity (simple or complex) affect perceived intrinsic 

load when accounting for prior knowledge? 

There was a difference of 0.4 in the estimated marginal mean (total sum of subscale 

scores) score related to participants perceived intrinsic load between the simple (M = 13.68, SE = 

0.97) and complex (M = 13.28, SE = 0.94) activities. Mean scores indicate that participants rated 

the simplex activity slightly higher in perceived intrinsic load in comparison to the complex 

activity. Based on the Cognitive Load Rating Subscale for intrinsic load, the higher the score the 

higher the intrinsic load. A total sum score of zero or 30 would indicate:  

• Zero = “not at all the case” that the activity (topic, task, and concepts) was 

complex 

Table 15 

 

ANOVA Table: Paas Mental Effort 

 

Variable   df F ratio p η2  

Complexity 1 0.03 .84 0 

Complexity *  

Preknowledge mean 1 0.70 .4 .01 

Error (Complexity) 36     
treatment 1 0.03 .86 0 

Treatment *  

Preknowledge mean 1 0.44 .51 .01 

Error (treatment) 36     
Complexity * treatment 1 0.92 .34 .02 

Complexity * treatment * Preknowledge 

mean 1 0.70 .4 .01 

Error 

(Complexity*treatment) 36     
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• 30 = “completely the case” that the activity (topic, task, and concepts) was 

complex 

When accounting for prior knowledge, the complexity of the lesson did not lead to 

statistically significant changes in the perceived intrinsic load (Cognitive Load Rating Subscale), 

F(1, 36) = 0.62, p = .436, 𝜂2 = .02, indicating that the mean change in score between the simple 

(M = 13.68, SE = 0.97 ) and complex (M = 13.28, SE = 0.94) activities were not significant. 

Based on Draper’s (2020) interpretation of Cohen’s statistical analysis for behavioral sciences, 

the interpretation of partial eta squared (𝜂2) indicates a small effect. I established practical 

significance a priori at 12.00, indicating that a difference in 12.00 on the Cognitive Load Rating 

Subscale (total subscale scores) for intrinsic load would indicate a practically significant result in 

a change between activities. The change in the mean scores between complexity was therefore   

practically and statistically insignificant. See Table 16 for the estimated marginal means and 

Figure 18 for the profile plot associated with this research question.  

Note. N = 39. Total sum of scores for the CLRS (intrinsic load) ranged from zero “not at all the 

case” (complex task, topics, concepts) to 30 “completely the case” (complex task, topics, 

concepts). Practical significance was set at a 12-point difference the subscale mean sum of 

scores. a Covariates appearing in the model are evaluated at the following values: Means Prior 

Knowledge = 0.75. 

 

  

Table 16 

 

Estimated Marginal Mean: Complexity for CLRS (Intrinsic load) 

 

   95% Confidence Interval 

Complexity Mean Std. Error Lower bound Upper bound 

Simple 13.68a 0.97 11.71 15.65 

Complex 13.28a 0.94 11.38 15.19 
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Figure 18 

Profile Plot: Complexity and Intrinsic Load 

 

 

Note. Original image. 

 

3b. To what degree does the instructional strategy (cooperative learning and cooperative 

learning with a problem-based component) affect perceived intrinsic load when accounting for 

prior knowledge? 

There was a difference of 0.9 in the estimated marginal mean (total sum of subscale 

scores) score related to participants perceived intrinsic load between the CPL (M = 13.93, SE = 

0.90) and CPL with a PBL component (M = 13.03, SE = 0.89) activities. Means scores indicate 

that participants rated the CPL activity as slightly more complex than the CPL with a PBL (CPL 

+ PBL) activity. Based on the Cognitive Load Rating Subscale for intrinsic load, the higher the 

score the higher the intrinsic load. A total sum score of zero or 30 would indicate:  

• Zero = “not at all the case” that the activity (topic, task, and concepts) was 

complex 
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• 30 = “completely the case” that the activity (topic, task, and concepts) was 

complex 

When accounting for prior knowledge, the instructional strategy did not lead to 

statistically significant changes in perceived intrinsic load, F(1, 36) = 0.15, p = .436, 𝜂2 = 0 

indicating that the difference in mean scores was not significantly greater between the CPL (M = 

13.82, SE = 0.90) and CPL with a PBL component (M = 13.03, SE = 0.89). Based on Draper’s 

(2020) interpretation of Cohen’s statistical analysis for behavioral sciences, the interpretation of 

partial eta squared (𝜂2) indicates no effect. Practical significance was set at 12.00 a priori, 

indicating that a difference in 12.00 on the Cognitive Load Rating Subscale (total subscale 

scores) for intrinsic load would indicate a practically significant result in a change between 

instructional strategies. The change in the mean scores between CPL and CPL + PBL was 

therefore practically and statistically insignificant. See Table 17 for the estimated marginal 

means and Figure 19 for the profile plot associated with this research question.  

Table 17 

 

Estimated Marginal Mean: Instructional Strategy for CLRS (Intrinsic load) 

 

   95% Confidence Interval 

Strategy Mean Std. Error Lower bound Upper bound 

CPL 13.93a 0.90 12.09 15.77 

CPL + PBL 13.03a 0.89 11.21 14.86 

Note. N = 39. Total sum of scores for the Cognitive Load Rating Subscale (intrinsic load) ranged 

from zero “not at all the case” (complex task, topics, concepts) to 30 “completely the case” 

(complex task, topics, concepts). Practical significance was set at a12-point difference the 

subscale mean sum of scores. a Covariates appearing in the model are evaluated at the following 

values: Means Prior Knowledge = 0.75. 
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Figure 19 

 

Profile Plot: Instructional Strategy and Intrinsic Load 

 

 
Note. Original image. 

 

3c. To what degree is there an interaction between lesson complexity and the 

instructional strategy? 

When examining the variable intrinsic load while controlling for prior knowledge, there 

was no statistical interaction between lesson complexity and the instructional strategy, F(1, 36) = 

1.16, p = .288, 𝜂2 = .03. Despite the statistical result from SPSS, the results in the profile plot 

illustrated in Figure 20, which shows an interaction between complexity (simple and complex) 

and the instructional strategies (CPL and CPL + PBL activities) related to the intrinsic cognitive 

load. Irrespective of treatment, participants found that the simple instructional strategies (CPL: M 

= 13.81, SE = 1.05; CPL + PBL: M = 13.55, SE = 1.04) required slightly less mental effort then 

the complex CPL activity (M = 14.05, SE = 1.04). However, participants perceived higher 

intrinsic load in both simple instructional activities when compared to the complex CPL + PBL 
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(M = 12.52, SE = 1.04). There was a small effect (Draper, 2020). See Table 18 for the estimated 

marginal means and Figure 20 for the profile plot associated with this research question. 

Table 18 

 

Estimated Marginal Mean: Complexity and Instructional Strategy Interaction for CLRS 

(Intrinsic load) 

 

    95% Confidence Interval 

Complexity Strategy Mean Std. Error Lower bound Upper bound 

Simple 
CPL 13.81a 1.05 11.67 15.95 

CPL + PBL 13.55a 1.04 11.43 15.67 

Complex 
CPL 14.05a 1.04 11.94 16.16 

CPL + PBL 12.52a 1.04 10.40 14.64 

Note. N = 39. Total sum of scores for the Cognitive Load Rating Subscale (intrinsic load) ranged 

from zero “not at all the case” (complex task, topics, concepts) to 30 “completely the case” 

(complex task, topics, concepts). Practical significance was set at a 12-point difference the 

subscale mean sum of scores. a Covariates appearing in the model are evaluated at the following 

values: Means Prior Knowledge = 0.75. 

 

Figure 20 

 

Profile Plot: Interaction Between Complexity and Instructional Strategy (CLRS-Intrinsic load) 

 

 
 

Note. Original image. 
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A two-within repeated-measures ANOVA was conducted to determine if there were 

statistically significant differences in the Cognitive Load Rating Subscale between the two 

lessons. The statistical test examined complexity (simple and complex) and instructional 

strategies (CPL or CPL + PBL) while controlling for prior knowledge. Table 19 represents the 

ANOVA results. Over time, while controlling for prior knowledge, the results of the Cognitive 

Load Rating Subscale scores for intrinsic load were not statistically significant for changes in 

complexity, F(1, 36) = 0.62, p = .43, instructional strategy (treatment), F(1, 36) = 0.14, p = .7, 

and both complexity and treatment F(1, 36) = 1.16, p = .288. 

Table 19 

 
 

ANOVA Table: Cognitive Load Rating Subscale (Intrinsic Load) 

 

Source  
 df F ratio  p  ηp

2  

Complexity 1 0.17 .68 0 

Complexity *  

Preknowledge Mean 

1 0.62 .43 .01 

36     
Error (Complexity)      
Treatment 1 1.14 .29 .03 

Treatment *  

Preknowledge Mean 1 0.14 .7  
Error (Treatment) 36     
Complexity * Treatment 1 2.40 .13 .06 

Complexity * Treatment *  

Preknowledge Mean 1 1.16 .288 .03 

Error 

(Complexity*Treatment) 36     
Note. Computed using α = .05; Paas scale scores range from one to nine.  

 

Summary 

 In this chapter, I reported the results of nursing students’ mental effort and intrinsic 

cognitive load when accounting for prior knowledge during two consecutives lesson activities 

that varied by complexity and instructional strategy. Data were analyzed for 39 participants who 
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were primarily female between the ages of 18 and 39 years old with no previous healthcare 

experience. Data were cleaned and analyzed by research question. Correlations and analysis of 

variance for a repeated-measures design with one covariate were used to address the research 

questions.  

In both cases, participants perceived the simple activities as requiring slightly more 

mental effort and intrinsic cognitive load when compared to the complex activities. Additionally, 

the CPL + PBL instructional strategy appeared to require slightly less mental effort and less 

complexity in the intrinsic cognitive load when compared to the CPL instructional strategy. 

Although there was no statistically significant interaction, there is support for the finding that 

when activities are simple, the instructional strategies do not yield a large effect, see Figure 17 

and Figure 20. However, in this study as content became more complex, the CPL + PBL strategy 

resulted in lower perceived mental effort and intrinsic cognitive load.  
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CHAPTER 5 

 

DISCUSSION 

 In this chapter, I will present a discussion on the research study findings structured 

around the study variables, research questions, and conceptual framework. Additionally, 

implications for nursing education and research are presented. One of the most significant 

challenges in nursing education is identifying effective approaches to help students apply 

knowledge in clinical practice that improves patient outcomes. Nurse educators use instructional 

design principles when designing instructional strategies, but there are few published studies 

examining students’ perceived mental effort and cognitive load. Findings from this study provide 

a perspective on instructional design that focuses on students’ existing cognitive architecture.  

Discussion of Findings 

 The findings are discussed per research question and compared to existing literature. 

Additionally, findings are referenced with this study’s conceptual framework. I used three 

research questions to guide this study.  

Research Question 1 

 The relationships among student characteristics, prior knowledge, perceived mental 

effort, and intrinsic cognitive load were explored in the first research question. Based on the 

correlation matrices outlined in Chapter 4 (Table 10 and Table 11), participants with previous 

experience as a CNA had a strong positive correlation with mean prior knowledge scores 

indicating that those with experience as a CNA had more knowledge of content before the 

lesson. This finding is likely due to the working relationship that CNAs have with practicing 

nurses and their patients (Saiki et al., 2020). Participants with previous experience as a CNA are 

required to have some knowledge in the application of nutrition and elimination concepts 
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(MBON, 2016) and they may have witnessed a licensed nurse administer medications to their 

patients on occasion; therefore, warranting the higher scores in prior knowledge. Participants 

with no healthcare experience showed a small correlation, rs(37) = .28, p > .05, with mean prior 

knowledge scores.   

There was a small negative correlation, rs(37) = -.03, p > .05, between education and 

mean prior knowledge scores, indicating that the higher the education level, the lower the mean 

prior knowledge score. This finding is not surprising as entry-level nursing students often have 

degrees in fields unrelated to the foundation of nursing such as humanities, psychology, and 

exercise science among others. Therefore, they have not been exposed to or had an opportunity 

to apply some of the concepts in the nursing field yielding a low mean prior knowledge score.  

Mental Effort and Student Characteristics 

 When examining perceived mental effort via the Paas scale in the correlation matrices as 

outlined in Chapter 4 (Table 10 and Table 11), there was a very small negative correlation 

between participants’ experience as a CNA and two of the activities (simple CPL activity and the 

complex CPL + PBL activity) indicating that previous experience was not a factor during the 

implementation of those two instructional strategies. However, there were positive small 

correlations associated with experience as a CNA during the simple CPL + PBL activity and 

complex CPL activity, indicating that participants with experience as a CNA perceived increased 

mental effort during those two instructional strategies. Education showed a positive small 

correlation rs(37) = .11, p > .05, with one activity (simple CPL) indicating that the higher the 

education level, the higher the mental effort perceived by the participant. Alternatively, the 

participant with prior experience as an emergency medical technician (EMT) showed a small to 

medium correlation with perceived mental effort during all four instructional strategies, 
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indicating that those with prior experience as an EMT perceived increased mental effort during 

the instructional strategies.  

There is a gap in the literature related to mental effort and student characteristics, few 

studies have examined student characteristics such as prior knowledge and previous experience. 

Hessler and Henderson (2013) used the Paas scale with 99 nursing students but did not examine 

student characteristics such as previous healthcare experience or education prior to implementing 

their study. Authors noted that failure to explore extraneous variables was a limitation to their 

study (Hessler & Henderson, 2013). The student is the greatest variant in the classroom (Hattie, 

2015). Josephsen (2018) examined prior knowledge but only compared the results between the 

control and experimental group versus controlling for prior knowledge when examining mental 

effort or intrinsic cognitive load. Schlairet et al. (2015) examined prior knowledge using student 

TEAS scores and Kaplan critical thinking test scores versus examining the content of the lesson 

and measured mental effort using the Paas scale compared to components of emotion.  

Intrinsic Cognitive Load and Prior Knowledge 

As depicted in this study’s conceptual framework, prior knowledge is a direct function of 

the intrinsic cognitive load. In this study, prior knowledge scores showed a positive small 

correlation with the intrinsic cognitive load in all but one activity (complex-cooperative 

learning), indicating that overall, as prior knowledge increased, the intrinsic cognitive load 

increased. This study’s negative relationship of participants’ prior knowledge and intrinsic load 

is contrary to what I would expect. However, in a recent transcribed interview, Dr. John Sweller 

noted that the most influential effects of the cognitive load theory have been discovered by 

accident and surprises are likely important (Mavilidi & Zhong, 2019). Similarly, DeLeeuw and 

Mayer (2008) found that prior knowledge was not a factor when participants rated their 
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perceived intrinsic load after simple and complex activities. Learners with more prior knowledge 

versus those with less prior knowledge perceived very similar intrinsic load (DeLeeuw & Mayer, 

2008). Josephsen (2018) found that while there were no significant differences in preknowledge 

scores between the participant groups, those who scored higher on post knowledge tests reported 

significantly higher intrinsic load related to one content area. While Josephsen used a different 

study design (quasi-experimental, pretest/posttest; control versus experimental group), the 

statistically significant finding related to intrinsic load is similar to this study as more 

knowledgeable learners experienced higher intrinsic cognitive load. 

However, the cooperative learning-complex activity in this study showed a negative 

relationship, rs(37) = -.04, p > .05. This finding is similar to Leppink et al.’s (2013) study 

indicating that as prior knowledge increased, the intrinsic cognitive load decreased during the 

cooperative learning-complex activity. Leppink et al. supported their hypothesis that learners 

who have more prior knowledge would experience lower intrinsic load than learners who have 

less prior knowledge; the result in the model was statistically significant (Leppink et al., 2013). 

How complex a task is perceived to be depends on prior knowledge (Schmeck et al., 2015), yet 

this finding was not practically or statistically significant in this study. 

Application to Conceptual Framework 

The conceptual framework outlines the importance of the student in the instructional 

design process. The student brings unique characteristics to the learning environment (Hattie, 

2015; Ragan & Smith, 1994) and the intrinsic load is a direct function of their prior knowledge 

(Van Merriënboer & Sweller, 2010). In this study, some participants had previous healthcare 

experience which increased their mean score in prior knowledge, therefore it was important to 

control for this prior knowledge during the measurement of the perceived mental effort (Paas 



 

 125 

scale) and the intrinsic cognitive load (Cognitive Load Rating Subscale) in research questions 

two and three.  

Research Question 2 

 While controlling for prior knowledge participants perceived mental effort (Paas scale) 

between lesson complexity, instructional strategies were examined. Additionally, I examined the 

interaction between lesson complexity and the instructional strategy. As participants progressed 

from simple to complex activities during the lesson, they perceived less mental effort regardless 

of instructional activities. Participants perceived that the cooperative learning with a problem-

based learning component required slightly less mental effort than the instructional strategy. It is 

possible that the CPL with a PBL component adds more context for the nursing student. It is my 

anecdotal observation that nursing students are quickly oriented to patient case studies in nursing 

curricula and the PBL component of the CPL + PBL activities provided patient cases in which 

participants may have been familiar with. Overall, estimated marginal means for mental effort 

remained low (estimated marginal means ranged from M = 5.22, SE = 0.24 to M = 5.43, SE = 

0.25) between complexity and instructional strategies as outlined in Table 12 and Table 13.  

Participants did not perceive an increased mental effort after progressing from a simple 

(M = 5.43, SE = 0.25) to a complex (M = 5.22, SE = 0.24) activity. This result may be explained 

by the structure of the lesson as depicted in the conceptual framework and research protocol 

sequence of events and the novelty effect. Participants received lecture followed by a simple 

instructional strategy (CPL or CPL + PBL) and then a complex instructional strategy (CPL or 

CPL + PBL). When a simple to complex strategy is applied, learners’ cognitive schemas become 

more developed and they are increasingly able to understand more complex information 

(Leppink & Heuvel, 2015), especially as their knowledge increases (Young & Sewell, 2015). 
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Therefore, it is possible that the participants did not perceive the complex activity as 

significantly more complex because the cognitive load theory was applied, their knowledge 

increased as the lesson progressed, and therefore their cognitive schema developed. 

The novelty effect is another possible explanation for the decrease in perceived mental 

effort when progressing from simple to complex activities. The novelty effect is described as a 

type of reactivity that results from the newness of an experimental treatment (Petursdottir & 

Carr, 2018). The novelty effect can result from a treatment being new to either participants or the 

person(s) delivering it and is a concern in studies where treatment is evaluated in brief 

experimental sessions or phases (Petursdottir & Carr, 2018). In this study, the treatment (lesson 

content) was new to the participants and presented in brief experimental phases.  

This study was unique and to date there were no studies found in the literature that 

applied simple to complex instructional strategies such as CPL and CPL + PBL while measuring 

mental effort via the Paas scale at multiple time points during a lesson. However, there are pieces 

of this study which can be compared to the existing research literature. Similar to these findings 

related to the comparison of instructional strategies and measuring mental effort using the Paas 

scale, Hessler and Henderson (2013) did not find statistically significant differences between 

their two instructional strategies (interactive self-paced computerized case study compared to 

traditional hand-written paper case study). Hessler and Henderson collapsed the Paas instrument 

into four categories (very low mental effort, low mental effort, medium mental effort, and very 

high mental effort) and did not report mean scores per group. However, > 60% of the participants 

in both the control and intervention groups rated their mental effort as “medium” for two of the 

three activities, and > 40% of participants rated their mental effort as very high for the third 

activity within both the control and intervention groups (Hessler & Henderson, 2013).  
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Alternatively, when comparing instructional strategies, Salari et al. (2018) found that 

students in a pediatric nursing course perceived PBL and hybrid-problem based learning to 

require less mental effort than a lecture; results were statistically significant. Salari et al. did not 

report participants’ mean scores on the Paas scale, but the discussion of findings are similar to 

this study and suggest PBL as an effective strategy due to the research support for a decrease in 

mental effort. Schlairet et al. (2015) found that entry-level nursing students perceived high 

mental effort after a simulation with mean scores of M = 6.27 (SD = 1.48). 

External to nursing, DeLeeuw and Mayer (2008) and Young et al. (2016) examined 

complexity using the Paas scale; unlike this study, participants in both studies perceived higher 

mental effort during the complex tasks. DeLeeuw and Mayer (2008) used the Paas scale multiple 

times during redundant and nonredundant tasks in a multimedia lesson on electric motors and 

found a statistically significant difference in higher perceived mental effort during the higher 

complexity tasks. Young et al. (2016) reported that participants perceived increased mental effort 

by 1.10 points via the Paas scale after the simple to complex medical script cases; participants in 

this study perceived a decrease in mental effort by 0.21 points via the Paas scale after the simple 

and complex activities.  

Research Question 3 

 I explored the effect of lesson complexity and instructional strategy on intrinsic cognitive 

load in the third research question when accounting for prior knowledge. Participants perceived 

nearly identical effects on their intrinsic load as they progressed from the simple to complex 

activities and as they participated in the CPL and CPL + PBL activities. As previously stated, it 

is possible that the CPL with a PBL component adds more context for the nursing student and as 

demonstrated in this study, CPL + PBL may be more beneficial in complex tasks. Based on my 
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anecdotal observation as a nurse educator for more than seven years, nursing students are quickly 

oriented to patient case studies and the problem-based component of the CPL + PBL activities 

provided short case study activities. Overall, intrinsic load remained low amongst the estimated 

marginal mean scores between complexity and instructional strategies (range: M = 13.28, SE = 

0.94 to M = 13.93, SE = 0.90).  

 One of the strategies recommended to optimize the intrinsic load is for the educator to 

gradually increase task complexity (Leppink & Heuvel, 2015; Van Merriënboer & Sweller, 

2010). When a simple to complex strategy is applied, learners’ cognitive schemas become more 

developed, and they are increasingly able to understand more complex information (Leppink & 

Heuvel, 2015), especially as their knowledge increases (Young & Sewell, 2015). This study’s 

gradual increase in task complexity as suggested by the theory may explain why there was little 

to no change in perceived intrinsic cognitive load as participants progressed from simple to 

complex activities in this study.  

Alternatively, similar to the findings related to mental effort in Research Question 2, the 

novelty effect is another possible explanation for the decrease in perceived intrinsic load when 

progressing from simple to complex activities. The novelty effect results from the newness of an 

experimental treatment (Petursdottir & Carr, 2018). In this study, the treatment (lesson content) 

was new to the participants and presented in brief experimental phases which supports the 

chance of the novelty effect (Petursdottir & Carr, 2018). 

 To date, there were no studies found in the literature that applied simple to complex 

instructional strategies such as CPL and CPL + PBL while measuring intrinsic load via the 

Cognitive Load Rating Subscale at multiple time points during a lesson. As noted in Chapter 2, 

most researchers mentioned the cognitive load theory and its various components, but their 
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published articles lacked clear evidence for implementation of the theory and did not measure the 

various load types (i.e., intrinsic load) using a valid and reliable rating scale. Therefore, I 

compared the findings of the existing literature relevant to portions of the findings related to this 

research question.  

Hadie and Yusoff (2016) examined intrinsic cognitive load during problem-based 

learning; unlike this study, they found that PBL imposed a high intrinsic load on 93 medical 

students (M = 6.33, SD = 1.83); there was no comparison to other instructional strategies. 

Researchers discussed the inadequate self-perceived knowledge acquisition as a potential factor 

for their result (Hadie & Yusoff, 2016). Similar to Hadie and Yusoff, Hseih et al. (2016) found 

that nursing students in an RN-BSN research course had statistically significant higher intrinsic 

load in the experimental group (integrating evidence-based practice into research; M = 8.74, SD 

= 2.64) compared to the control group (traditional research; M = 7.27, SD = 2.71). Josephsen 

(2018) examined all three cognitive load types (extraneous, germane, and intrinsic) in a nursing 

student simulation using an experimental and control group with worked-out measures (WOM) 

effect. The researcher found that while not statistically significant, the treatment group (WOM 

effect) experienced more intrinsic and germane load and less extraneous load compared to the 

usual treatment (presimulation reading assignment, prebriefing, orientation, and question/answer 

time before simulation practice).  

While the findings of this study differ from the aforementioned studies, the differences 

may be explained by the design of this study. One possibility is that the design of my study, as 

outlined in the conceptual framework and protocol, created a novelty effect. Another possibility 

is that the instructional design and implementation of the cognitive load theory principles created 

the difference in my results. There was no statistically significant or practically significant 
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increase or decrease in intrinsic load between the instructional strategies because an intrinsic 

load effect (simple to complex) was applied. Additionally, the students in the Hseih et al. (2016) 

study were not novice learners. Since they were already RNs, the researchers did not control for 

prior knowledge and did not manipulate complexity within the instructional design. Hadie and 

Yusoff (2016) noted the lack of direction given to implement PBL strategies, hence supporting 

the need for transparency and the minute-by-minute instructional designs in future research. 

Limitations 

 Although this study helps move nursing education research related to instructional design 

forward, there were limitations that warrant mention. The surveys used to measure the cognitive 

load presented some limitations. Additionally, the innovative study design and recruitment 

process presented some limitations to the study that pose threats to validity. 

Measurement Tools 

 The Cognitive Load Rating Scale (CLRS) is newly developed and published within the 

available literature. Due to the infancy in theory testing using the CLRS, there were limited 

empirical findings for comparison in the general education literature. To date as discussed in 

Chapter 2, nursing education literature has less than five studies that tested the CLRS. 

The CLRS and Paas scale are easily implemented in research (Leppink & Heuvel, 2015). 

However, completion of the CLRS and Paas scales heavily relies on a participant’s ability to 

distinguish their mental effort which may not always be possible (Sweller, 2018). However, as 

discussed in Chapter 2, these subjective measures are recommended for use opposed to objective 

measures of cognitive load. 

With limited research studies available for comparison and the small sample size in this 

study, it is possible that the findings reflect participants’ inability to accurately rate their mental 
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effort versus a reflection of effective instructional design. Additionally, practical significance for 

changes in scale ratings has not been well established in the available literature. It is possible that 

my articulation of practical significance was inaccurate, and findings are more practically 

significant than discussed.  

 Additionally, the preknowledge tests administered to participants to measure prior 

knowledge may need further development in a replicated study. The results of the mean scores 

illustrated in Figure 5 displayed censoring (floor effects) in the first two bars. Therefore, it may 

be beneficial to collapse the answer choices into a binary variable. 

Study Design and Recruitment  

 The specific study design was unique and was not replicated from the existing literature. 

Therefore, there are no studies available for a direct comparison using a repeated-measures 

design, the same measurement scales at multiple timepoints, and similar instructional strategies. 

While there was a need and suggestion in the literature to assess cognitive load at multiple times 

points throughout a lesson (Ayres, 2006; Leppink & Heuvel, 2015; van Gog et al., 2012; Van 

Merriënboer et al., 2002); repeated assessment may have led to survey fatigue and intrusion of 

the learning environment (DeLeeuw & Mayer, 2008). One student expressed feelings of survey 

fatigue during the lesson. It is possible that some subjective ratings were a result of fatigue rather 

than capturing mental effort or intrinsic cognitive load. While Paas et al. (2003) suggested that it 

is essential that mental effort is measured while participants work on a task, Schmeck et al. 

(2015) found no difference when cognitive load was assessed during the task or delayed until the 

end of the tasks. 

Additionally, the potential of the novelty effect (Petursdottir & Carr, 2018) presents some 

threats to construct validity. It is possible that participants’ higher scores in perceived mental 
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effort and intrinsic cognitive load during the simple activities were solely due to the newness of 

the lesson content. However, confidence in construct validity is increased as the findings related 

to scores in perceived mental effort and intrinsic cognitive load were replicated this repeated 

measures design (Petursdottir & Carr, 2018). 

This study was implemented during the COVID-19 pandemic, which presented unique 

challenges to recruitment and participant attentiveness during the synchronous online educational 

intervention. If this study were implemented in a traditional face-to-face setting, one in which the 

participants were familiar with, it is possible that more students would consent to participate in 

the study and the sample size would be increased; therefore, increasing the power of the study, 

and potentially changing the effects of the results. Consequently, some of the missing data during 

the lessons could be attributed to participants’ personal stress or at home distractions related to 

altered working and learning environments as a result of the pandemic.  

This study was implemented at a single site with a small convenience sample, therefore 

limiting the generalizability of the study. While the race and gender of participants were 

relatively diverse and representative of the community at large, a larger sample at multiple sites 

might have provided statistical or practically significant results. An analytic convention in SPSS 

included all possible interactions rather than isolating the two interactions that I intended to 

target. This analytic convention in the SPSS calculations decreased the power in the study. 

Despite the limitations of the study, there are some important findings and implications for 

nursing education and research.  

Implications  

 It is important that nurse educators and education researchers are aware of best practices 

for instructional design when considering cognitive load. A number of research articles that 
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mentioned the use of the cognitive load theory as a foundation or outcome measure neglected to 

include specific information about how the principles of the theory were implemented or how the 

theory was tested quantitatively. Data from the sample of entry-level BSN students in this study 

provide implications for nursing education and education researchers in all disciplines.  

Implications for Nursing Education 

Findings from this study suggest that the use of a brief lecture followed by simple to 

complex active learning strategies may not increase mental effort and cognitive load as 

supported by participants’ decrease in mean scores as the lesson progressed. Irrespective of 

treatment, perceived intrinsic load and mental effort did not increase from simple to complex 

activities. While there is a chance that this result is due to the novelty effect, the repeated result 

related to the study design (simple to complex strategy) increases the confidence in this finding. 

Preliminary evidence suggests that when tasks are simple, the instructional strategy may make 

less of an impact on mental effort and cognitive load. However, results suggest that when tasks 

are complex, the CPL + PBL strategy may be more impactful in its effect on mental effort and 

cognitive load. 

As shown in Figure 17 and Figure 20, the CPL + PBL strategy appeared to have a large 

effect in the complex condition. This phenomenon should be further explored in nursing 

education. Researchers should consider focusing on examining CPL + PBL or PBL alone in its 

ability to optimize intrinsic load during complex tasks. As with novice learners in nursing 

education, the majority of the information is new and complex. According to the assumptions of 

the Cognitive Load Theory, knowledge gained such as pre-licensure nursing education is 

biological secondary knowledge which is complex and requires explicit instruction (Sweller, 

2016b). The results of this study point to CPL + PBL as a potentially more effective strategy 
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during complex learning tasks. However, both CPL and PBL alone allow students to be social 

learners and dialogue is a powerful teaching and learning strategy (Forneris & Fey, 2021) that is 

important for educators to consider. Ultimately, the application of the cognitive load theory and 

the use of a simple to complex strategy alongside existing evidenced-based active learning 

strategies is something that nurse educators may consider when designing instruction.  

Nurse educators are tasked with ensuring students are ready for practice. Therefore, 

effective classroom learning is essential to help student reach higher-level reasoning skills 

(Forneris & Fey, 2021). Empirical support is necessary to help ensure a nurse educator’s time is 

well spent developing effective instructional design that leads to positive student and patient 

outcomes.  

Theory development that combines components of instructional design, cognitive load, 

nursing education, student learning, and patient outcomes should be studied further. However, 

before theory development, studies in nursing instructional design must be replicated with larger 

sample sizes and in multiple settings. As nurse educators who teach entry-level students prepare 

for the next generation National Council Licensure Examination in 2023, it will be essential that 

evidence-based, theory tested instructional designs are used. Nurse educators often focus on 

objectives and broad evaluation activities to meet learning objectives such as written papers, 

exams, simulations, group work, etcetera. However, the specific minute-by-minute instructional 

design within each lesson to relay content are important to consider and disseminate successes 

and failures to other educators.  

Nursing education will be forever changed by the COVID-19 pandemic. I suspect there 

will be more integration of online learning and creative instructional designs. More robust 

research that provides guidance on why instructional design should be considered in nursing and 



 

 135 

its empirical linkage to patient outcomes is essential. Based on existing research and 

recommendations from the literature, educators should consider how their instructional designs 

affect students’ cognitive load as student learning and positive patient outcomes will always be 

the ultimate goal of nursing education. We must also consider and be intentional about 

documenting our work and publishing our instructional designs to advance nursing education and 

enhance its quality. 

Implications for Research 

 The cognitive load theory is a relatively new theory that has gained much traction and 

attention over the past decade, but the research is far from saturated. Various education 

researchers have used the theory in different ways and there are few replication studies. 

Additionally, there are few studies that quantitatively measure the cognitive load or mental effort 

using valid and reliable rating scales. While this study combined several suggestions from the 

literature and measured cognitive load and mental effort at different time points during the 

lesson, it would be beneficial to test the novelty effect by repeating two simple activities 

followed by a complex activity and measure total cognitive load to include germane and 

extraneous load in addition to the intrinsic load. Findings such as those in the Josephsen (2018) 

article are important to note as it highlights how an increase or decrease in one load subtype may 

affect other load types. 

While the subjective rating scales used to measure the cognitive load and mental effort 

are not perfect, continued testing is warranted as more accurate measures are developed. 

Development of accurate measures of the cognitive load subtypes may lead to a better 

understanding of working memory to optimize learning and improve outcomes in practice 

disciplines (Young & Sewell, 2015). However, it is essential that researchers implement 
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theoretical concepts and measure them quantitatively. Additionally, transparency in study 

protocols and instructional design is essential for replication. Equally as important, researchers 

should be forthcoming in establishing a standard practical significance value a priori that can be 

used in the discussion of findings alongside statistical significance. The development of a 

theoretical framework for educators across disciplines would be a useful tool to advance research 

in education.  

Conclusion 

 This study sought to examine how simple-to-complex active learning instructional 

strategies affected entry-level nursing students’ mental effort and intrinsic cognitive load. The 

topic was explored through three research questions focused on student characteristics, prior 

knowledge, and the effect of the simple to complex strategy used between two active learning 

strategies (cooperative learning and cooperative learning with a problem-based learning 

component). In this study, participants perceived similar mental effort and intrinsic cognitive 

load between the various complexity levels and active learning strategies. However, this study 

could not address all of the factors associated with cognitive load. Further research is 

recommended to include examination of the novelty effect as it relates to implementation of a 

simple to complex strategy; and measurement of total cognitive load at different timepoints 

within a lesson using the existing valid and reliable rating scales to develop further psychometric 

data for these instruments. Most importantly, it essential that researchers use the suggestions as 

outlined by the CLT to examine the effects of each load type. As results are interpreted, 

cognitive load researchers should remember that according to Dr. John Sweller, the most 

influential effects of the CLT have been discovered by accident and surprises in research 

findings are likely important (Mavilidi & Zhong, 2019).  
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APPENDIX A 

RECRUITMENT EMAIL 
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Dear Nursing Student, 

My name is Nicole E. Smith. I am a PhD Student at Mercer University and a full-time faculty 

member at the University of X School of Nursing. I am conducting a research study about the 

effect of various instructional strategies. I am emailing to ask if you would like to participate in 

this research project. Please view the attached recruitment flyer for more details.  

Mercer University’s IRB requires investigators to provide informed consent to the research 

participants. If you would be interested in participating in this research study, please plan to 

attend an information session where you will be provided with the research project details and 

provided with an informed consent if you would like to participate.  

If you have any questions about the study, contact the Principal Investigator Nicole E. Smith by 

sending an email to Nicole.E.Smith@live.mercer.edu. 

Mercer University’s Institutional Review Board (IRB) reviewed study #H2009219 and approved 

it on 09-Oct-2020. 

Questions about your rights as a research participant: 

If you have questions about your rights as a research participant of if you are at any time 

dissatisfied with any part of this study, you may contact, anonymously if you wish, the Mercer 

University Institutional Review Board (IRB) by phone at (478) 301-4101 or by email at 

ORC_Research@Mercer.Edu. 

Thank you in advance for your time and participation! 

 

 

  

mailto:ORC_Research@Mercer.Edu


 

 158 

APPENDIX B 

RECRUITMENT FLYER 
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XXX 

XXX 

N:XXX 
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APPENDIX C 

MERCER IRB APPROVAL 
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APPENDIX D 

EXPERTS VALIDITY ASSESSMENT OF INSTRUCTIONAL COMPLEXITY 
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Email to Experts 

Dear [Expert]  

 

I am conducting my dissertation research and plan to use a combination of simple and complex 

activities during my educational intervention with first-semester nursing students. I have 

identified you as an expert in nursing education and am asking that you assist me in validating 

each of the 16 activity prompts as either simple or complex using the Likert-type scale within the 

assessment.  

  

If you agree to participate, please complete the survey at the link below on or before October 16, 

2020. The estimated time to complete the survey is 5 minutes.  

  

Please note, the free text with each item is optional and you may force completion of the survey 

submission once all Likert-type items are answered. Thank you for your consideration! 

  

Survey Link: Complexity Validity Assessment (5 minutes) 

 

Sincerely,  

Nicole E. Smith, MS, RN, CNE, CHSE, CNEcl 

PhD Student, Mercer University 

Instructor, University of X, School of Nursing 

 

Validity Assessment via Qualtrics Weblink 

I am conducting an experiment that requires that instructional tasks have comparable complexity 

across experimental conditions. As an expert in nursing education, I would like your assistance 

in rating the complexity of a number of instructional tasks.  

 

Specifically, I am requesting you read each of the sixteen (16) activities carefully and rate each 

activity as simple or complex on the Likert scales below. One (1) indicating the simplest task and 

ten (10) indicating the most complex task.  

 

The simplest task is one that you consider to be very easy for nursing students who have just 

received information on that topic through a lecture. You would expect all or almost all new 

nursing students to be able to complete this task. On the other hand, the complex tasks take some 

higher-level thinking and while they may be completed by all nursing students after delivery of a 

lecture, the activity is more complex in nature.  
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Please enter your first and last name 

Activity Likert Scale (Select One) Recommendations 

to improve clarity 

(Optional Free Text) 

1. List 2 reasons why it is 

important to increase or 

maintain water 

consumption in older 

adults.  
 

 

2. Determine 2 reasons why 

it is important to increase 

or maintain water 

consumption in older 

adults. 

 

 

 

3. Describe how 2 [choose 2 

only] components of 

pharmacokinetics 

(absorption, distribution, 

metabolism, or excretion) 

can be altered in older 

adults due to physiologic 

changes brought about by 

aging. 

 

 

 

 

 

Activity Likert Scale (Select One) Recommendations to 

improve clarity 

(Optional Free Text) 

4. Determine how 2 

[choose 2 only] 

components of 

pharmacokinetics 

(absorption, 

distribution, 

metabolism, or 

excretion) can be 

altered in older adults 

due to physiologic 

changes brought about 

by aging 

 

 

 

 

5. Predict how errors may 

occur at each step of 

the nursing process 

related to medication 

administration. 

 

 

 

1 2 3 4 5 6 7 8 9 10

SIMPLE COMPLEX

1 2 3 4 5 6 7 8 9 10

SIMPLE COMPLEX

1 2 3 4 5 6 7 8 9 10

SIMPLE COMPLEX

1 2 3 4 5 6 7 8 9 10

SIMPLE COMPLEX

1 2 3 4 5 6 7 8 9 10

SIMPLE COMPLEX



 

 165 

6. List how errors may 

occur at each step of 

the nursing process 

related to medication 

administration. 

 

 

 

7. Determine how the 

nurse should properly 

apply each of the 11 

rights of medication 

administration. 

 

 

 

8. Explain how the nurse 

should properly apply 

each of the 11 rights of 

medication 

administration. 

 

 

 

 

 

Activity Likert Scale (Select One) Recommendations to 

improve clarity 

(Optional Free Text) 

Scenario with 4 questions to follow: 

You are a nurse caring for a 68-year-old patient who is homeless. The patient’s 

medical history includes alcoholism, hypertension, and diabetes mellitus (type 2). 

After completing your assessment, you note that the patient is not compliant with 

their medications. 

 

Applies to scenario above 

9. List at least 2 types of 

medications you expect 

to be ordered for this 

patient. 

 

 

 

Applies to scenario above 

10. Describe your primary 

concern as the nurse 

and list 2 education 

points that you would 

discuss with this 

patient. 

 

 

 

 

Applies to scenario above 

11. Determine at least 2 

types of medications 

you expect to be 

ordered for this patient. 

 

 

 

 

1 2 3 4 5 6 7 8 9 10

SIMPLE COMPLEX

1 2 3 4 5 6 7 8 9 10

SIMPLE COMPLEX

1 2 3 4 5 6 7 8 9 10

SIMPLE COMPLEX

1 2 3 4 5 6 7 8 9 10

SIMPLE COMPLEX

1 2 3 4 5 6 7 8 9 10

SIMPLE COMPLEX

1 2 3 4 5 6 7 8 9 10

SIMPLE COMPLEX
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Applies to scenario above 

12. Present your primary 

concern as the nurse 

and list 2 education 

points that you would 

discuss with this patient 

 

 

 

 

 

Activity Likert Scale (Select One) Recommendations to 

improve clarity 

(Optional Free Text) 

Scenario with 4 questions to follow (continued on next page): 

You are caring for a 78-year-old patient recently admitting to a long-term care 

facility after a fall at home, followed by a total hip replacement and a 3-week stay 

at a sub-acute rehab facility. The patient has Parkinson’s disease and early stage 

dementia (Aware of their disease and A&0x4 with occasional forgetfulness). 

Currently, the patient is refusing to eat the food at the long-term care facility and 

the patient has not had a bowel movement in 4 days and no urine output in the 

past 24 hours.  

 

Applies to scenario 

above 

13. Prioritize the case 

study components 

of most concern to 

the nurse. Include a 

rationale describing 

the threat to health. 

 

 

 

 

 

Applies to scenario 

above 

14. Determine 4 priority 

nursing actions and 

interventions to 

address your 

concerns and that 

will help the client 

reach the intended 

elimination goals.  

 

 

 

 

 

 

  

1 2 3 4 5 6 7 8 9 10

SIMPLE COMPLEX

1 2 3 4 5 6 7 8 9 10

SIMPLE COMPLEX

1 2 3 4 5 6 7 8 9 10

SIMPLE COMPLEX
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 Activity Likert Scale (Select One) Recommendations to 

improve clarity 

(Optional Free Text) 

Scenario with 2 questions to follow: 

You are caring for a 78-year-old patient recently admitting to a long-term care 

facility after a fall at home, followed by a total hip replacement and a 3-week stay 

at a sub-acute rehab facility. The patient has Parkinson’s disease and early stage 

dementia (Aware of their disease and A&0x4 with occasional forgetfulness). 

Currently, the patient is refusing to eat the food at the long-term care facility and 

the patient has not had a bowel movement in 4 days and no urine output in the 

past 24 hours.  

 

Applies to scenario 

above 

15. List the case study 

components of most 

concern to the 

nurse. Include a 

rationale describing 

the threat to health. 

 

 

 

 

Applies to scenario 

above 

16. Identify 4 priority 

nursing actions and 

interventions to 

address your 

concerns and that 

will help the client 

reach the intended 

elimination goals. 

 

 

 

 

 

 

  

1 2 3 4 5 6 7 8 9 10

SIMPLE COMPLEX

1 2 3 4 5 6 7 8 9 10

SIMPLE COMPLEX
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APPENDIX E 

 

DEMOGRAPHIC QUESTIONNAIRE 
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Instructions: Please answer each question below.  

 

Name_____________   _____________ (All names will be removed prior to data analysis) 

    First      Last 

1. Prior to enrollment at the University of the University of X School of Nursing, have you 

ever been enrolled in a nursing program (LPN, ADN, BSN, master entry-level nursing 

program)? (Circle one) 

        Yes     No 

2. Have you taken NXXX previously? (Circle one) 

  Yes  No 

3. Are you a nurse licensed in the United States or another country? (Circle one) 

 Yes  No 

*If participant answers yes to questions 1, 2, or, 3; the survey will end and this message will 

appear: “Based on your responses to these questions, you do not qualify for this study, but thank 

you for volunteering. 

 

4. What is your current age in years? 

 

* If participant answers with a number less than 18; the survey will end and this message will 

appear: “Based on your response to these questions, you do not qualify for this study, but thank 

you for volunteering.” 

 

5. Which best describes your gender? (Circle one) 

  Male   Female  Other 

6. Which of the following best describes your race/ethnicity? (Circle one) 

  American Indian or Alaska Native 

  Asian 

  Black or African American 

  Hispanic or Latino 

  Native Hawaiian or Other Pacific Islander 

  White 

  Other  

  



 

 170 

7. What is the highest level of education you have completed? (Circle one) 

a. High school graduate or equivalent 

b. Some college credit 

c. Associate degree 

d. Bachelor’s degree 

e. Master’s degree 

f. Doctoral degree        

8. Do you have any of the following previous healthcare experience? (Select all that apply, 

if any) 

a. Certified Nursing Assistant (CNA) 

b. Certified Geriatric Nursing Assistant (GNA) 

c. Emergency Medical Technician (EMT) 

d. Paramedic 

e. No 

f. Yes, other: __________________________ 
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APPENDIX F 

STUDY VARIABLES, INSTRUMENTS, SCORES, AND INTERPRETATIONS 
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Variable Instrument Level of 

Measurement 

Possible Range 

of Scores 

Score Interpretation 

Age Demographic 

Questionnaire 

Interval/Ratio 18-100 years The higher the 

number the older 

the participant in 

years 

Gender Demographic 

Questionnaire 

Nominal 0=Other 

1=Female 

2=Male 

N/A Dummy Code 

Race/Ethnicity Demographic 

Questionnaire 

Nominal 0=Other 

1=White 

2=1=Black, 

African, or 

African 

American 

3=Asian 

4=American 

Indian or Alaska 

Native 

5=Hispanic or 

Latino 

6=Native 

Hawaiian or 

Pacific Islander 

 

N/A Dummy Code 

Highest 

Education 

Level 

Demographic 

Questionnaire 

Nominal 1= High school 

graduate or 

equivalent 

2=Some college 

credit 

3=Associate 

degree 

4=Bachelor’s 

degree 

5=Master’s 

degree 

6=Doctoral 

degree 

N/A Dummy Code 

Healthcare 

Experience 

Demographic 

Questionnaire 

 

 

Nominal 0=No 

1=Yes 

N/A Dummy Code 

Variable Instrument Level of 

Measurement 

Possible Range 

of Scores 

 

Score Interpretation 
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Variable Instrument Level of 

Measurement 

Possible Range 

of Scores 

Score Interpretation 

Prior 

Knowledge 

(Nutrition/Eli

mination) 

Preknowledge 

Test Part I 

Ordinal 0=No 

Knowledge 

1=Little 

Knowledge 

2=Some 

Knowledge 

3=Extensive 

Knowledge 

The higher the 

score the more 

preknowledge the 

student has related 

to the content 

Prior 

Knowledge 
(Medication 

Administration) 

Preknowledge 

Test Part II 

Ordinal 0=No 

Knowledge 

1=Little 

Knowledge 

2=Some 

Knowledge 

3=Extensive 

Knowledge 

The higher the 

score the more 

preknowledge the 

student has related 

to the content 

(Independent 

variable) 

Instructional 

Strategies: 

1.Cooperative 

learning 

2.Cooperative 

learning with 

a problem-

based learning 

component 

Grouping variable Nominal 0=CPL 

1=CPL with 

PBL 

N/A Dummy Code 

(Independent 

variable) 

Complexity: 

1. Simple 

2. Complex 

Grouping variable 

 

Nominal 0=Simple 

1=Complex 

N/A Dummy Code 

(Dependent 

variable) 

Perceived 

Intrinsic Load 

(IL) 

(3 subscale 

items) 

Cognitive Load 

Rating Scale 

Interval/Ratio 0-30 The higher the 

number the higher 

the perceived 

intrinsic cognitive 

load related to 

complexity of the 

lesson. A more 

knowledgeable 

(evidenced by the 

preknowlege test) 

learner may have 
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low IL (Leppink et 

al., 2013)  

Variable Instrument Level of 

Measurement 

Possible Range 

of Scores 

Score Interpretation 

Mental Effort 

(Dependent 

variable) 

Paas Mental 

Effort Scale 

Interval/ratio 1-9 The higher the 

number the higher 

the mental effort.  
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APPENDIX G 

PREKNOWLEDGE TESTS FOR PARTICIPANTS 
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Directions: Carefully read each statement below in the left column and honestly rate your level 

of familiarity and knowledge of the specific concepts as a whole. Please mark one box beside the 

statement that most closely matches your familiarity with the concepts.  

 

PreKnowledge in Nutrition and Elimination (Part I) 

 

 I have never heard 

of these concepts or I 

have heard of them 

but do not know 

 how to apply them 

 

I have some idea 

about the concepts, 

but don’t know 

when or how to 

apply them  

I have a clear 

idea what the 

concepts are, 

but have not 

applied them 

I can explain what 

the concepts are and 

how to apply them, 

I have used them 

 

 Never heard of Some Idea Clear Idea Can Explain 

Describe your ability to 

apply concepts of 

nutrition/ elimination 

during a nursing 

assessment. 

    

Describe your ability to 

apply concepts of 

nutrition/elimination 

during the identification 

of nursing interventions. 

    

Describe your ability to 

apply concepts of 

nutrition/elimination 

during the management of 

patient care 

    

Describe your ability to 

apply concepts of 

nutrition/elimination 

during the identification 

of patient problems 
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Preknowledge in Medication Administration (Part II) 

 

 I have never 

heard of these 

concepts or I 

have heard of 

them but do not 

know  how to 

apply them 

 

I have some 

idea about the 

concepts, but 

don’t know 

when or how to 

apply them  

I have a 

clear idea 

what the 

concepts 

are, but 

have not 

applied 

them 

I can explain 

what the 

concepts are and 

how to apply 

them, I have 

used them 

 

 Never heard of Some Idea Clear Idea Can Explain 

Describe your ability to apply 

concepts of pharmacology 

(pharmacokinetics/pharmacodynamics 

to medication administration. 

    

Describe your ability to apply the 

eleven rights of medication 

administration in the clinical setting. 
    

Describe your ability to apply the 

nursing process to medication 

administration. 
    

Describe your ability to apply 

concepts of medication administration 

to patient problems. 
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APPENDIX H 

MENTAL EFFORT RATING SCALE 
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By Paas (1992) 

 

Instructions: Please respond to the question below based on the portion of the lesson that you just 

completed.  

 

How much mental effort did you exert during this portion of the lesson? 

 

1. Very, very low mental effort 

2. Very low mental effort 

3. Low mental effort 

4. Rather low mental effort 

5. Neither low nor high mental effort 

6. Rather high mental effort 

7. High mental effort 

8. Very high mental effort 

9. Very, very high mental effort 
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APPENDIX I 

 

COGNITIVE LOAD RATING SCALE – INTRINSIC SUBSCALE  
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by Leppink, Paas, Van der Vleuten, Van Gog, and MerrienboerVan Merriënboer (2013) 

 

Instructions: All of the following questions refer to the portion of the lesson you just completed. 

Please respond to each of the questions on the following scale: 

  

   0 meaning not at all the case and 10 meaning completely the case 

 

Name_____________________ (All names will be removed prior to data analysis) 

 

1. The topic covered in today’s lesson was very complex.  

 

            0    1    2    3    4    5    6    7    8    9    10 

  (not at all the case)                 (completely the case) 

 

2. Today’s lesson covered tasks that I perceived as very complex.  

 

             0    1    2    3    4    5    6    7    8    9    10 

  (not at all the case)                                          (completely the case) 

 

3. Today’s lesson covered concepts and definitions that I perceived as very complex.  

 

             0    1    2    3    4    5    6    7    8    9    10 

(not at all the case)                                         (completely the case) 
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APPENDIX J 

DATA TRANSFORMATIONS SYNTAX 
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* Encoding: UTF-8. 

*Updated 4.23.2021 

 

Syntax for 

Preknowledge 

Tests mean score 

*Creates PK Total Variables.  

COMPUTE PK1Mean=mean(PK1Q1,PK1Q2,PK1Q3,PK1Q4). 

EXECUTE. 

 

COMPUTE PK2Mean=mean(PK2Q1,PK2Q2,PK2Q3,PK2Q4). 

EXECUTE. 

 

COMPUTE 

PKMean=mean(PK1Q1,PK1Q2,PK1Q3,PK1Q4,PK2Q1,PK2Q2,PK2Q

3,PK2Q4). 

EXECUTE. 

 

Syntax for 

Transformation of 

the Paas variable 

*Transforms Paas variables so that they are more normal.  

COMPUTE Paas1B_transformed=Paas1B**1.5. 

EXECUTE. 

 

COMPUTE Paas1C_transformed=Paas1C**1.5. 

EXECUTE. 

 

COMPUTE Paas2b_transformed=Paas2b**1.5. 

EXECUTE. 

 

COMPUTE Paas2C_transformed=Paas2c**1.5. 

EXECUTE. 

 

Repeated 

Measures analysis 

for Paas 

Untransformed) 

*RM for PAAS.  

GLM Paas1B Paas1C Paas2C Paas2B WITH PKMean 

 /WSFACTOR=Complexity 2 Polynomial Treatment 2 Polynomial  

 /METHOD=SSTYPE(3) 

 /PLOT=PROFILE(Complexity Treatment Complexity*Treatment) 

TYPE=LINE ERRORBAR=CI MEANREFERENCE=NO  

  YAXIS=AUTO 

 /EMMEANS=TABLES(Complexity) WITH(PKMean=MEAN) 

 /EMMEANS=TABLES(Treatment) WITH(PKMean=MEAN) 

 /EMMEANS=TABLES(Complexity*Treatment) 

WITH(PKMean=MEAN) 

 /PRINT=ETASQ OPOWER  

 /CRITERIA=ALPHA(.05) 

 /WSDESIGN=Complexity Treatment Complexity*Treatment 

 /DESIGN=PKMean. 
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Repeated 

Measures analysis 

for Paas 

(Transformed) 

***SAME ANALYSES BUT WITH TRANSFORMED VARIABLES 

for PAAS 

  *RM for PAAS.  

GLM Paas1B_transformed Paas1C_transformed Paas2C_transformed 

Paas2B_transformed WITH PKMean 

 /WSFACTOR=Complexity 2 Polynomial Treatment 2 Polynomial  

 /METHOD=SSTYPE(3) 

 /PLOT=PROFILE(Complexity Treatment Complexity*Treatment) 

TYPE=LINE ERRORBAR=CI MEANREFERENCE=NO  

  YAXIS=AUTO 

 /EMMEANS=TABLES(Complexity) WITH(PKMean=MEAN) 

 /EMMEANS=TABLES(Treatment) WITH(PKMean=MEAN) 

 /EMMEANS=TABLES(Complexity*Treatment) 

WITH(PKMean=MEAN) 

 /PRINT=ETASQ OPOWER  

 /CRITERIA=ALPHA(.05) 

 /WSDESIGN=Complexity Treatment Complexity*Treatment 

 /DESIGN=PKMean. 
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APPENDIX K 

CODEBOOK 
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  Variable 

SPSS Variable 

Name Coding Instructions  

  
Identification Number ID 

Number assigned to each 

participant 

D
em

o
g
ra

p
h
ic

s 
Q

u
es

ti
o
n
n

ai
re

 

Prior enrollment in SON PRIORSON 1 = Yes 

    0=No 

Previously taken NXXX NXXXREPEAT 1 = Yes 

    0=No 

RN in US RNLICENSE 1=Yes 

    0=No 

Age AGE Age in years 

Gender GENDER 0=Other 

    1=Female 

    2=Male 

Race RACE 0=Other 

    1=White 

    2=Black or African American 

    3=Asian 

    

4=American Indian or Alaska 

Native 

    5=Hispanic or Latino 

    

6=Native Hawaiian or Other 

Pacific Islander 

Highest Education Level EDUC 

1=High school graduate or 

equivalent 

    2=Some college credit 

    3=Associate degree 

    4=Bachelor's degree 

    5=Master's degree 

    6=Doctoral degree 

Previous Healthcare Experience PREVEXPNO 1=Yes 

    0=No 

  PREVEXPCNA 1 = Yes 

    0=No 

  PREVEXPGNA 1 = Yes 

    0=No 

  PREVEXPEMT 1 = Yes 

    0=No 

  PREVEXPPARA 1 = Yes 

    0=No 



 

 187 

  PREVEXPOTH 1 = Yes 

    0=No 
 

Variable 

SPSS Variable 

Name Coding Instructions 

N
u
tr

it
io

n
 P

re
-K

n
o
w

le
d
g
e
 

Nut/Elim during a nursing 

assessment PK1Q1 0=Never heard of 

    1=Some idea 

    2=Clear idea 

    3=Can explain 

Nut/Elim identification of 

nursing interv. PK1Q2 0=Never heard of 

    1=Some idea 

    2=Clear idea 

    3=Can explain 

Nut/Elim management of pt. 

care PK1Q3 0=Never heard of 

    1=Some idea 

    2=Clear idea 

    3=Can explain 

Nut/Elim identification of pt. 

problems PK1Q4 0=Never heard of 

    1=Some idea 

    2=Clear idea 

    3=Can explain 

M
ed

ic
at

io
n
 P

re
-K

n
o
w

le
d
g
e
 

Pharmacology to medication 

admin PK2Q1 0=Never heard of 

    1=Some idea 

    2=Clear idea 

    3=Can explain 

Med. administration in clinical 

setting PK2Q2 0=Never heard of 

    1=Some idea 

    2=Clear idea 

    3=Can explain 

Nursing process to medication 

admin. PK2Q3 0=Never heard of 

    1=Some idea 

    2=Clear idea 

    3=Can explain 

Medication admin. to patient 

problems PK2Q4 0=Never heard of 
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    1=Some idea 

    2=Clear idea 

    3=Can explain 

 

 
Variable 

SPSS Variable 

Name Coding Instructions 

P
aa

s 
M

en
ta

l 
E

ff
o
rt

 S
ca

le
 Paas-Mental Effort exerted   1=Very, very low mental effort 

2=Very low mental effort 

3=Low mental effort 

4=Rather low mental effort 

5=Neither low nor high mental 

effort 

6=Rather high mental effort 

7=High mental effort 

8=Very high mental effort 

9=Very, very high mental 

effort 

  PAAS1B 

  PAAS1C 

    

  PAAS2B 

  PAAS2C 

    

    

    

C
o
g
n
it

iv
e 

L
o
ad

 R
a
ti

n
g
 S

u
b
sc

al
e 

(I
n
tr

in
si

c 
L

o
ad

) 

 Topics in today’s lesson very 

complex CLRS1BTOPIC   

0=Not at all the case 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10=Completely the case 

Task in today’s lesson very 

complex 
CLRS1BTASK   

Concepts and definitions very 

complex 
CLRS1BCONCEPTS 

Topics in today’s lesson very 

complex 
CLRS1CTOPIC   

Task in today’s lesson very 

complex 
CLRS1CTASK   

Concepts and definitions very 

complex 
CLRS1CCONCEPTS 

    

Topics in today’s lesson very 

complex 
CLRS2BTOPIC   

Task in today’s lesson very 

complex 
CLRS2BTASK   

Concepts and definitions very 

complex 
CLRS2BCONCEPTS 

Topics in today’s lesson very 

complex 
CLRS2CTOPIC   

Task in today’s lesson very 

complex 
CLRS2CTASK   

  

Concepts and definitions very 

complex 

  

CLRS2CCONCEPTS 

  

C
o

g
n
i

ti
v e L
o

ad
 

R
a

ti
n g
 

S
u

b
sc al
e 

(I
n

tr
i

n
si c L
o

ad
)  

Variable 

SPSS Variable 

Name Coding Instructions 
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CLRS Subscale (Intrinsic 

Load) Totals     

1B Total CLRS1BTOTAL 

 Total  

(CLRS1BTOPIC + 

CLRS1BTASK + 

CLRS1BCONCEPTS) 

1C Total CLRS1CTOTAL 

 Total  

(CLRS1CTOPIC + 

CLRS1CTASK + 

CLRS1CCONCEPTS) 

2B Total CLRS2BTOTAL 

 Total  

(CLRS2BTOPIC + 

CLRS2BTASK + 

CLRS2BCONCEPTS) 

2C Total CLRS2CTOTAL 

 Total  

(CLRS2CTOPIC + 

CLRS2CTASK + 

CLRS2CCONCEPTS) 
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