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ABSTRACT 

Implementing and assessing the use of a two-stage high-stakes collaborative exam in a 

content-driven gateway science course was the focus of this study within a medium-

sized institution of higher education in the southwest United States.  Gateway courses 

have historically exhibited high drop and/or failure rates within STEM areas.  The 

theoretical basis of constructivism was used as a foundation for student engagement in 

problem-based collaborative learning.  More learning takes place when students are 

actively engaged in solving problems, but the solutions are not clear and the science is 

complex, as there may be no single method or application involved.  This study 

analyzed whether students collaborating on a high-stakes exam made a significant 

difference in their learning in an undergraduate introductory anatomy and physiology 

course as measured by the comprehensive final exam delivered a few weeks after the 

collaboratively-completed test.  The practical goal was to increase learning and 

retention of knowledge of difficult topics in an undergraduate introductory anatomy 

and physiology course.  Further discussion on issues that have strategic relevance 

within science and health care education is warranted in the push to produce graduates 

prepared for careers in healthcare, while U.S. policymakers have deemed it a national 

priority to improve student retention rates.   

Keywords: collaborative exam, STEM, gateway courses, student retention  
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CHAPTER I 

INTRODUCTION 

Statement of Problem 

Science and health care education extends far past learning the structure and 

function of cellular metabolism, cardiac enzymes, stem cells, and the performance of 

clinical techniques.  The associated social, economic, and behavioral factors within 

STEM for allied health curricula (and students) demand concerted, coordinated, 

multifaceted efforts to support academics on a local scale as well as globally.  The 

success of the next generation of health care providers is dependent upon the knowledge, 

skills, and experiences that are derived from preparatory education.  Education for the 

health professions has continually faced challenges in “overly crowded curricula” (p.38) 

as noted by the Institute of Medicine (Health Professions Education, 2003) and has 

proven to be a specific issue in health education reform.  When core knowledge and 

competencies cannot be reduced, students experience increasing frustration and are 

overwhelmed with the bombardment of readings, memorizations, and content to be 

processed.   

The saturation of content within health care education evolved from the industrial 

age to the information age, coupled with the shift from teacher-centered pedagogy, 

repetition of content, academic practices, and changes within delivery (Giddens & Brady, 

2007).  Many, if not most, postsecondary institutions have undergraduate science courses 

taught by scientists with extensive content knowledge and professional experience but 

little in the way of educational instruction.  This scenario often results in teaching 

methods that promote memorization of factoids rather than promotion of concept 
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understanding and higher-order thinking/problem solving, which is in conflict with 

current science education best practices (Mattheis & Jensen, 2014).  The National 

Research Council offers the following framework for supportive learning environments:  

learner centered, knowledge centered, assessment centered, and community centered 

(Bransford, Brown, & Cocking, 2004).  Although the solutions are not clear and the 

science is multi-faceted; there may be no single method or application for helping 

learners construct their knowledge.   

This study used a collaborative method of allowing students to think critically, 

process concepts, and make decisions.  The process involved students taking one 

proctored undergraduate Human Anatomy and Physiology I unit exam individually, and 

then during the next class period, collaborating with another student to retake the same 

exam.  Students analyzed, discussed, and derived their best answer on the collaborative 

exam, which was then scored and averaged with the individual exam scores in hopes that 

the collaborative score would not only be higher, but students would know more and 

more importantly, know why they knew more.   The focus of this project explored the 

effect of using a two-stage collaborative exam on student learning in a gateway course for 

allied health programs.  The foremost research question was “Is there a significant 

difference between the performance of students who had taken (1) a customary, 

individually administered exam followed by a collaborative exam over the topic of 

muscles and metabolism versus (2) those who had taken the same exam in only the 

traditional, individual manner over questions about muscles and metabolism in an end-of-

course comprehensive exam?” Hereafter the group of students who took the test first 

individually and then collaboratively will be referred to as the experimental group.  The 
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students who took the exam individually will be referred to as members of the control 

group. 

To amplify the meaning for this research question, three supplementary questions 

were derived.  Was there a significant difference in foundational knowledge of Human 

Anatomy and Physiology I between the two groups at the start of the semester?  Was 

there a significant difference between the two groups in their performance on the 

individual administration of the exam over muscles and metabolism?  And finally, was 

there a significant difference between the experimental group’s performance when they 

took the muscles and metabolism exam in the typical, individual manner versus when 

they took the same exam collaboratively with a partner?  

The myriad of overwhelming details as are found in content driven courses like 

undergraduate Human Anatomy and Physiology I are best understood when placed in 

context and integrated within an organized structure. Understanding comes from 

developing processes that show how these details are related to each other and to core 

ideas.  Learning activities that emphasize relationships and aid in forming more 

connections allow better retention of content knowledge while extending, refining, and 

revising the practice of science.  Learners should incorporate their ordinary life 

experiences into new material learned to ground the unfamiliar concepts and ideas for 

context.  Knowledge put into practice is essential for learning (Dewey 1938).  Learning 

development involves interactions with the world, sensory involvement, and the ability of 

using inference to understand (Rousseau, 1921).  During the Enlightenment period, also 

known as the “Age of Reason”, the philosopher John Locke was credited with organizing 

the tabula rasa (blank slate) concept of the human mind which originated in the Classical 
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period (Locke 1996, p.10).  Societal reforms using reason, science, and philosophical 

developments challenged the long-established ideas steeped in tradition, mystique, and 

religious creeds.  Dewey (1938) was influenced by Locke’s belief that observations and 

experiences would reveal truth and knowledge and was further extended by Rousseau’s 

stance that mere memorization of facts from students under subjection of teachers would 

not generate an education (Rousseau, 1921).        

Identification of issues, methods, implementations, and assessments for this type 

of collaborative effort in a content driven course such as undergraduate level Anatomy 

and Physiology was studied in a medium-sized institution of higher education within the 

Southwest United States.  Human Anatomy and Physiology I serves as a gateway course 

that is a prerequisite for most allied health and nursing programs that historically have 

exhibited a high drop and/or failure rate. 

The practical goal for this endeavor is to improve student learning in 

undergraduate Human Anatomy and Physiology I courses to both encourage and prepare 

students for their professional degree program.   

Theoretical Framework 

John Dewey provided the impetus for Bonwell and Eison’s active learning 

through inquiry and problem-based activities while he promoted the teacher’s role as 

being an enthusiastic guide in fostering life-long learning in students (Bonwell & Eison, 

1991; Dewey, 1897).  Dewey’s stance on social democracy (Dewey, 1897) as viewed 

through Jean Piaget’s constructivist lens (Driver, Asokar, Leach, Mortimer, & Scott, 

1994) has had huge impact upon learning theories and teaching methods in education.  
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More learning takes place when students are actively engaged in constructing a product.  

The constructivist view was used for this theoretical framework.   

There have been spirited discussions over the merits of active learning, inquiry, 

problem-based learning, and the like; these are all facets of the student- and knowledge-

centered foundation of constructivism (VanSickle & Kubinec, 2002/2003). Learning 

today is beyond the mere delivery of subject matter; learning now incorporates the 

content multiplied by the aspects of “critical thinking, creativity, collaboration, cross-

culturalism, communication, computing, and career” (Neal, Mullins, Reynolds, & Angle, 

2013, p. 534).   

Dewey’s Social Democracy 

John Dewey noted that there are many causes for the failures in science education, 

but they primarily stem from science being presented as pre-packaged ready-made 

knowledge, so much so to the extent that the inquiry processes are often omitted 

(VanSickle & Kubinec, 2002/2003).  Teaching has often been thought of as “telling 

students the facts and students will automatically understand them” according to the 

transmissionist model of teaching (VanSickle & Kubinec, 2002/2003).  The 

transmissionist view generally expects students to learn because the teacher “told them 

the right way to think and the answers they had to know” (VanSickle & Kubinec, 

2002/2003).  This “knowledge transmission” model so prevalent in the twentieth century 

is less than adequate today (Neal, Mullins, Reynolds, & Angle, 2013).  Dewey explained 

that telling-the-facts approach as to “ignore[s] and virtually den[ies] the fact that 

tendencies toward a reflective and truly logical activity are native to the mind” (Dewey, 

1974).  In order to move away from the transmissionist model and into a learner-centered 
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model as proposed by Dewey; there must be a shift toward learning and attitudes that are 

more conducive for critical thinking, decision making, and ability to apply science 

concepts to social situations (VanSickle & Kubinec, 2002/2003).   

Dewey offered insight into the art of teaching while allowing students to explore 

their environment(s) and cautioned against focusing solely upon content knowledge 

acquisition so that factoids of information could be regurgitated at appropriate times. 

Dewey stressed the importance of education for learning how to live to be equal in value 

to the knowledge of content.  The social aspect of curriculum can be interpreted for 

relevance while the academic portion, especially within the sciences, helps in explaining 

the workings of the world.  As learning and education are both interactively social, there 

is the niche for social reform as learning allows students to grow toward their future roles 

(Dewey, 1897).  If content knowledge were the sole purpose of education, Dewey found 

it led to passive students followed by inactivity.  If there were too much pedagogical 

emphasis, then the learning process was also flawed by excluding mastery of the content.  

The types of learning involved in the democratic process begin with the basics of 

information and knowledge about both local and distant communities, with a goal of 

gaining active participants in self-governance, respect, tolerance, and informed decision-

making (Bransford et al., 2004). The virtues that are essential to social democracy include 

1) commitment to democratic justice, 2) respecting others’ moral values or dignity, 3) 

autonomy, 4) reasonable and well-informed regarding community interests, 5) empathy 

towards the perspectives, needs, and interests of others, and lastly, 6) respect for 

democratic decisions made within an institution or association (Sabia, 2002).  These 

virtues need to be cultivated, encouraged, reinforced, and protected throughout a lifespan 
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because humans are not born with them; they are to be learned (Sabia, 2012).  Hirst and 

Vygotsky both viewed the intrinsic value of a liberal education as it would  propel the 

extrinsic influences into social and political forms (Scott, 2008). 

Dewey claimed that the quality as well as quantity of learning was dependent 

upon both the learner as well as the subject studied while the teacher should play more of 

a facilitating role instead of feeding information to uninterested bodies within the 

classroom (Dewey, 1897; Schiro, 2013).  Successful teaching methods in the hands of an 

effective teacher lead to considerable influence on student learners (Neal et al., 2013).  

Kliebard stated that education, educators, and administration should define the goals of 

curriculum, decide what educational experiences should be provided for the student, and 

determine how to meet the individual and group needs of young people.  Kliebard’s 

stance was more historical in scope for the impacts that shaped the curriculum into the 

twentieth century (Kliebard, 1995).  In comparison, Shiro approached the same era but 

also included the beginnings of the twenty-first century with a more philosophical view 

for curriculum theory or ideology (Schiro, 2013).   

Piaget’s Constructivism 

The pedagogical philosophy attributed primarily to Piaget using the constructivist 

view, actually dates back to Vico during the seventeenth century.  Vico is credited with 

inventing the philosophy of history; he presented the verum-factum principle as one of his 

most famous ideas (Costelloe, 2014; Vico).  Vico wrote, “For the Latins, verum (the true) 

and factum (what is made) are interchangeable, or to use the customary language of the 

Schools, they are convertible (Vico) Ancient Wisdom p. 45).” No readings on 

constructivism are complete without regard to Lev Vygotsky (1978), who emphasized the 
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“social construct” of how meaning and understanding develop out of social encounters; 

“social” in this format pertaining to learners being actively involved with peers and/or 

teachers and “jointly creating” or constructing new meanings.  Vygotsky theorized the 

“Zone of Proximal Development (ZPD), meaning that when learners are engaged with 

teachers, there are more refinements in the way of tasks, language, and ideas; with 

“proximal” pertaining to “next” as there is “stretching” of the learner to do more or 

become more, with the teacher’s help (Pimenta, 2010).   

Jean Piaget’s earlier career in psychology carried over into biology in the form of 

genetic epistemology as the constructivist theory of learning.  Genetic epistemology deals 

with knowledge developing over the course of time, according to the rationale of both 

Vico and Piaget.  The basis of genetic epistemology is that there are parallels in 

organizing rational knowledge and then forming corresponding psychological processes.  

Piaget’s learning theory includes a qualitative view of knowledge based upon an 

individual’s response to their observations and experiences.  Piaget’s view of 

constructivism is to allow and encourage the testing of new hypotheses when learners are 

responding to new environments (Peterson, 2012).  The pedagogical operatives arising 

from Piaget may be explained as “processional, actionist, integrative, and constructivist” 

(Peterson, 2012, p. 884).   

Active Learning 

Active learning requires much more than students listening to traditional didactic 

lecture methods which still dominates many college and university classrooms.  A 

problem for students results, though.  Inaccurate prior knowledge, misconceptions, lack 

of interest in content or irrelevant content can affect learning, especially when the content 
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is presented in traditional didactic (teacher-centered) form; “What learners know 

influences their learning” (Loucks-Horsley, Hewson, Love, & Stiles, 1998, p. 27).  

Learners typically bring their own personal, yet practical knowledge, coupled with their 

own prior experiences from their educational backgrounds into the learning environment 

(Neal et al., 2013). 

Students must read, write, discuss, and actively engage in critical thinking tasks to 

master the content in addition to developing their skills in communication and problem 

solving (Bonwell & Eison, 1991).  Students are engaged in two arenas in active learning; 

1) doing things, as well as 2) thinking about the things that they are doing (Bonwell & 

Eison, 1991) and in the process of doing these, they are also attaining the domains of the 

learning process according to Bloom.  Bloom referred to three learning domains as 

“knowledge, skills, and attitudes” within the taxonomy of learning behaviors (Bloom, 

1956, p. 38).   

As teachers seek to instill those learning behaviors within the knowledge, skills, 

and attitudes areas, the “Teacher preparation programs should prepare teachers with the 

values, skills, and knowledge to not just keep abreast with the times, but also be ahead of 

their time.” (Stewart, 2012, p. 8).  A problem “that must be overcome for teachers is that 

“learners construct new knowledge” (Loucks-Horsley et al., 1998, p. 28).  Teachers often 

give examples to aid in student understanding, but if the student is not familiar with the 

example; has not experienced it, cannot visualize it, and so on, then the stimulus for 

learning more is not effectively received and processed.  The teacher must then find 

either another example or provide students with the experience (Loucks-Horsley, 

Hewson, Love, & Stiles, 1998).   



Texas Tech University, Susan Coleman Burgoon, August 2017 

10 

Practical Basis 

Another problem to overcome is dealing with change(s).  “Knowledge is 

constructed through a process of change” (Loucks-Horsley et al., 1998, p. 29).  The 

teacher must learn how to guide students in confronting the problem(s) before them and 

how to explain their conclusion(s) from the information they have. This is a problem for 

students as they “Just want the answers, they do not want to think” (VanSickle & 

Kubinec, 2002/2003, p. 261), but also a problem for teachers, as they insist that students 

must think to explain their information, or else they have not really learned what they 

need to know.   

Students must be able to solve other related problems by using the same process 

in order to accept new explanations based upon their acquired information while rejecting 

old or previous explanations (VanSickle & Kubinec, 2002/2003).  Science courses that 

are focused primarily upon technical procedures and processes do not serve students’ 

needs well.  The student is the one that needs to develop personal critical thinking skills 

and the impetus to explore further for deeper understanding; therefore activities that 

propel critical thinking and inquiry are a necessity (Johnston & McAllister, 2008).   

This capacity to learn, develop understanding, and then utilize the scientific 

knowledge gained to further practice organizing the content around the core ideas is a 

challenge.   One major difference between experts and novices in any field is the 

organization of their knowledge (VanSickle & Kubinec, 2002/2003).  The teacher may 

need to employ different teaching methods if students do not come in with the 

appropriate attitudes, the essentials for gaining concepts, or the ability to retain the 

concepts necessary for course success.   
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Learning about teaching as well as learning how to teach includes three tenets of 

teaching.  According to the late Susan Loucks-Horsley, the key role of teaching is to 

facilitate learning (Loucks-Horsley et al., 1998, p. 31).  If it is acceptable for students to 

regurgitate information and replicate problems, then read no more.  If students should 

learn to apply the information they have learned into new situations and provide 

explanations as to why they responded the way they did, then proceed further.  The next 

tenet is “teachers are professionals with specialized knowledge required by their 

profession” (Loucks-Horsley et al., 1998, p. 31).  Specialists with concentrated 

pedagogical content knowledge can often be lacking in the complex practices of the art of 

teaching; where students struggle with difficult concepts; elements of key ideas; 

concepts, ideas, and models that are mostly likely to be used or misunderstood 

(VanSickle & Kubinec, 2002/2003).  Knowledge for teachers include three categories of 

content knowledge:  a) subject matter content, b) pedagogical content, and c) curriculum 

according to Shulman (1986) in which he relays that pedagogical content knowledge 

includes the knowledge of subject matter content for its teachability.  Shulman 

emphasized overlaying the content and pedagogy for the best analogies, examples, 

demonstrations, and explanations of content so that learners would understand and 

comprehend.  The last tenet is that “the practice of teaching is complex” (Loucks-Horsley 

et al., 1998, p. 32) as it includes repetition of the aspects of teaching—the planning, 

implementations, observations, and reflections throughout.  This effective approach is 

described by VanSickle and Kubinec as “Do it, see it, change again, think some more.” 

(VanSickle & Kubinec, 2002/2003, p. 262).  A new behavior put into practice in the 

classroom often propels changes of beliefs and attitudes about teaching and learning.  The 
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reflection on and the analysis of the classroom experiences that result from incorporating 

the new behaviors will increase overall understanding (Loucks-Horsley et al., 1998).   

A 2008 study conducted in Australia involving the perceptions of pre-nursing 

students while in a hands-on integrated class format indicated that they genuinely and 

wholly valued the active laboratory sessions when compared to simulations and online 

assignments.  The activities involving hands-on interactions with actual laboratory and 

clinical materials enabled the student to engage, process, understand, and then apply the 

knowledge they gained (and retained) into another context.  Students rated their best 

experiences as those that were more hands-on and relevant to their subsequent clinical 

requirements and patient care (Johnston & McAllister, 2008).  

Even in institutions that are student-centered and committed to student success, 

with small class sizes taught by faculty passionate about their subjects, coupled with free 

science tutoring available to students; there are still high failure and withdrawal rates in 

gateway courses such as undergraduate Human Anatomy and Physiology I.     

Research Questions 

This research project employed a method of allowing students to collaborate in 

thinking critically, processing concepts, and making appropriate decisions as they 

collaborated on a typical unit exam in undergraduate level Human Anatomy and 

Physiology I after previously taking the same exam on an individual basis.  The 

collaboration process involved the pairing of one student with another student during the 

next class period to retest over the same exam. Students analyzed, discussed, and derived 

their best answer for the collaborative exam, which was scored and recorded in hopes that 
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the collaborative score would not only be higher, but also students would know and retain 

more knowledge and, more importantly, know why they knew more.   

The principal research questions explored were: Is there a significant difference 

between the performance of students who took (1) a two-stage collaborative exam over 

the topic of muscles and metabolism versus (2) those who took the same muscles and 

metabolism exam in the traditional, individual manner in an end-of-course 

comprehensive exam?  Subsidiary questions to support the main research questions asked 

if there was a significant difference between the groups’ foundational knowledge of 

Human Anatomy and Physiology I at the start of the semester and if there was a 

significant difference between the individual performance of the groups for the muscles 

and metabolism exam?  

A similarly sized institution in Southern Indiana that also offers undergraduate 

Human Anatomy and Physiology I related that A&P I has one of the highest drop or 

failure rates on all U.S. campuses.  Students who are not successful in the introductory 

level science courses face delayed entry into their degree programs, increased costs, 

decreased morale, and diminished the diversity of the applicant pool for the professional 

programs (Gultice, Witham, & Kallmeyer, 2015).  Students who are successful in 

Anatomy and Physiology I are more likely to be successful in A&P II (Hopper, 2011).   

Research Design 

A quasi-experimental design was used within the constructivist theoretical 

framework to answer the research questions.  An overarching goal was to increase 
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student learning in Human Anatomy and Physiology I as part of the STEM curriculum 

for allied health, nursing, and professional degree programs.  . 

The class Campbell and Stanley (1963) experimental design was represented 

using the following symbols:   

 X—Treatment 

 O—Observation or measurement 

The pre and posttest-only control group design format was used:   

X1     O1 

X2      O2 

This design format of using the experimental and control groups without pretests 

controls for testing the main effect and interaction but does not measure them.  The main 

effects of testing, the interaction of testing, and the treatment may be controlled with this 

format.  Generalizability can be increased and the effect of X may be replicated also with 

this design.  Class means were used as the basic observations, and the treatment effects 

were tested against variations in these means.   

Definitions 

Cooperative learning involves “the division of labor among participants, as an 

activity where each person is responsible for a portion of the problem solving” and 

collaboration involves the “mutual engagement of participants in a coordinated effort to 

solve the problem together” (Neal et al., 2013, p. 534).  Roschelle and Teasley define 

collaboration as “a coordinated synchronous activity that is the result of a continued 

attempt to construct and maintain a shared conception of a problem” (p. 70).  Mutual 
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engagement of learners involved in discussions that lead to joint decisions are all part of 

successful collaboration.  Most studies elaborate upon the outcomes of collaboration, yet 

few focus upon the process (Roschelle, Teasley, & O'Malley, 1995/01/01).   

Two-stage collaborative exams (TS-C) are exams that involve a collaborative 

component involving students in the process of supporting and enhancing learning.  The 

first stage consists of students taking their exam in the traditional individual manner and 

the second stage involves pairs of students taking the same exam collaboratively during 

the next class period by discussing, debating, and reaching a consensus for their answers 

(Cortright, Collins, Rodenbaugh, & DiCarlo, 2003; Knierim et al., 2015; Lujan & 

DiCarlo, 2014; Rao et al., 2002).    

The content covered on both stages of the TS-C exam is students’ knowledge of 

muscles and metabolism.  Content knowledge is defined as the proportion of multiple 

choice questions about muscles and metabolism that are answered correctly.  Students 

were not informed of their grade or missed questions before the second stage of the TS-C 

exam method.   

Limitations and Assumptions 

Generalizing the findings of this research project to other institutions of higher 

education is a limitation because the description and attributes of this medium-sized 

Southwestern U.S. institution of higher education are not intended to be a representative 

sample of all institutions or instructors in the United States offering undergraduate level 

Human Anatomy and Physiology I courses.   
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Another limitation is that the sampling procedure used may not be representative 

of this researcher’s institution because sampling procedures were purposive for dealing 

with previously taught sections of undergraduate Human Anatomy and Physiology I.   

The topic of muscles and metabolism may not generalize to other topics well for 

research which could be another limitation as there is an assumption that the students’ 

performance on the multiple choice questions about muscles and metabolism is an 

accurate reflection of the students’ knowledge of muscles and metabolism.   

Another limitation is that instructional objectives and outcomes assessments are 

mandated by state and local administration, with oftentimes yearly changes in artifact 

procurement and assessments leading to some inconsistencies or imbalances in 

comparisons.  The exposure time to exam questions during student collaboration may 

equate to more time on task than for students who studied and were tested individually in 

the traditional manner, possibly contributing to the testing effect/test-potentiated learning, 

which could directly enhance later memory (Arnold & McDermott, 2013).  The 

assumption that any difference on the delayed posttest (final exam) score is due to the 

collaboration on the second stage of the exam and not from the extra 45 - 60 minutes of 

class time the students spent on the topic.    

Summary 

Human Anatomy and Physiology I acts as a gateway course for allied health and 

nursing majors within STEM curricula.  Gateway courses are designated as credit bearing 

courses in foundational levels for entry into the student’s degree program.  They are 

considered to be high stakes courses as there are failure and withdrawal rates in excess of 
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30%, and generally have high enrollments when measured by the numbers of students 

enrolled in multiple course sections at institutions of higher education.  Lack of success 

in gateway courses may be directly correlated to lower achievement in higher education 

as well as postsecondary degree or certification completion failure.  Increasing student 

learning in Human Anatomy and Physiology I should have the potential to increase 

student retention as well as propel students along their degree goal pathways.  Evidence-

based active learning collaborative measures should allow students to model successful 

behaviors and skills as they gain confidence and are guided toward mastery of the tough 

topics within the course content as a required prerequisite for their degree program.    
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CHAPTER II 

REVIEW OF RESEARCH 

STEM and Social Constructivism Supporting Theories  

The retention as well as attrition of students in colleges and universities is 

important today more so than ever before; especially so in the sciences.  The United 

States has deemed it a national priority to produce graduates prepared for STEM careers, 

pointing to the need for improved retention rates.  U.S. policymakers have focused upon 

STEM attrition and retention in recent years, looking for explanations of attrition and 

ways to improve retention rates. One explanation for STEM attrition may be explained as 

potential STEM graduates transitioning away from STEM fields by changing majors or 

leaving their postsecondary educational goals before earning a degree or certificate (Chen 

& Soldner, 2013).  Around 20% of associate’s degree students and 28% of bachelor’s 

degree students enter a STEM field, with biological or life sciences accounting for the 

most popular area at 11% overall.   

STEM fields are comprised of a wide disciplinary range with some studies 

excluding the health sciences from STEM while others are inclusive (Chen & Soldner, 

November 2013).  Another important factor includes the increasing costs over time since 

STEM degrees may also take longer to earn than other non-STEM counterparts.  There 

are also course-related factors that may contribute to STEM attrition such as negative 

experiences in the gatekeeper or introductory science and math courses.  The negative 

experiences may be derived from the large class sizes, passive learning techniques, 

indirect faculty contact, language barriers, along with the design of the gatekeeper 
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courses being viewed as a way to filter the stronger students from the weaker students 

(Chen & Soldner, 2013).   

As the population of America ages, there is an increasing need for healthcare 

workers, but the attrition rate for students in the health sciences continues to be a 

challenge.  Sixty-nine percent of associate’s degree students and 48% of bachelor’s 

degree students who entered STEM fields between the years of 2003-2009 were gone by 

the spring of 2009.  The highest percentage - between 56-62% overall – of those leaving 

were from the health sciences.  The likelihood was higher for lower-performing male 

students to leave than all students from lower socioeconomic backgrounds (Chen & 

Soldner, 2013).  Many of these students leave the area of STEM either by switching 

majors or by not completing their degree program even though there are plentiful 

opportunities for job placement in STEM fields.   

Historically, women, underrepresented minorities, first-generation students, and 

students from low-socioeconomic levels tend to leave STEM at higher rates than their 

complementary peers.  STEM attrition rates are linked to factors such as motivation and 

confidence in one’s ability to learn these key gatekeeper courses such as Anatomy and 

Physiology which has been traditionally described as difficult to learn (Chen & Soldner, 

2013).   

Obama’s call for the “Educate to Innovate” 2009 campaign was intended to spur 

more participation and performance for students in STEM because the U.S. Department 

of Commerce predicts that employment within STEM arenas will grow faster than non-

STEM employment.  The President’s Council of Advisors on Science and Technology 
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(Engage to excel:  Producing one million additional college graduates with degrees in 

science, technology, engineering, and mathematics, 2012) is urging all colleges and 

universities to turn out more STEM graduates to remain competitive.  Projections are that 

the U.S. will need a million more STEM professionals to fill the 17% growth predicted 

(Chen & Soldner, November 2013).   

Health sciences are often considered to be large enough to stand alone from 

STEM for analytical purposes, although there are common attributes to course types and 

the gatekeeper designation for entry into specific programs.  STEM attrition is more 

common in associate degree programs than among bachelor’s degree offerings, although 

there may be similar or higher non-STEM attrition rates as well (Chen & Soldner, 2013).   

Best practices within STEM programs include considerations on how individuals 

learn along with strategies that support their learning.  The theoretical framework that 

girds STEM programs are based upon Vygotsky’s sociocultural theory in which the 

teacher supports the student by providing assignments and activities that pushes students 

toward higher order thinking.  Vygotsky’s sociocultural theory provides a description of 

learning as primarily a social process and that social interactions between learners plays a 

monumental role in cognitive development.  Vygotsky’s stance on learning is based upon 

social interactions with others, and then integration into the individual level.  Cognitive 

development is represented by a “zone of proximal development” (ZPD) as shown in 

Appendix A in which the “zone” (Vygotsky, 1978, p. 57) is where a student explores, but 

needs help and social interactions to further develop and expand the zone.  Collaborative 

learning is one strategy for scaffolding or supporting the intellect of learners while 

modeling behaviors and skills.   
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With the focus more on the student rather than the teacher in a constructivist 

classroom, the teacher is more of an encouraging guide rather than a content expert who 

feeds knowledge into the empty students who are just waiting to be filled.  In 

constructivism, students are expected and encouraged to take a more active role in their 

personal process of learning.  The key elements of constructivist theory involve that the 

student’s current beliefs, no matter whether correct or incorrect, is important, and that 

even when students share in the same learning experience(s); they will form personal 

understandings of what the learned experiences mean to them.  The student’s process of 

learning is both active and continuous; and will likely involve some conceptual changes, 

especially when the student may not believe, or allow some conditional or provisional 

acceptance before accepting the learned outcome.  Most importantly, the learning process 

is active and dependent upon the students taking responsibility in their own learning 

("Constructivism and social constructivism in the classroom," n.d.) 

Reviews of the research for collaborative learning often deal more with research 

conducted in non-educational settings or with partial studies that may not represent the 

entirety of the literature.  This study will explore the effects of only a small portion of the 

diversity of collaborative learning in the form of a two-stage cooperative assessment that 

will preclude the summative assessment; the final comprehensive exam for undergraduate 

level Human Anatomy & Physiology I.  Overall, the effect of cooperative or 

collaborative learning is compared to competitive learning; “Learning Together” had the 

highest effect upon student learning and when cooperative lessons were compared to 

students learning individually; “Learning Together” (Cerbin, 2010, p. 6) also advanced 

the effect.  The outcomes in learning for both the diversity and consistency of the 
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cooperative/collaborative learning methods validate the effectiveness of using it in the 

classroom (Cerbin, 2010).   

Constructivist Characters 

Constructivism has been shaped by several notable figures who each sequenced 

elements into today’s form.  Notable giants in constructivism include Vico, Piaget, 

Vygotsky, Dewey, Bonwell, Eisen, and Koffka, to name several relevant to this study.  

Giambattista Vico spent the majority of his life at the University of Naples as a Professor 

of Rhetoric; he was widely influenced by the Classics, philosophy, and history.  His 

works and writings were relatively obscure for his own time, but he had wide influence in 

the humanities and social sciences from the nineteenth century forward.  He defended 

humanistic education by focusing on the prudentia of the human mind; meaning that 

humans can attain practical wisdom from learning.  This view differed from the 

Cartesians of his day who used metaphysical justification; Vico proposed analysis of 

causes—the activities that revealed the truth of natural science, mathematics, and 

morality (Costelloe, 2014).  

There is a natural hierarchical sequence that Piaget identified as adaptation to 

more complicated or involved events.  Learning results when adaptation is achieved and 

learners’ initial concepts change.  The process of learning science involves personal and 

social constructivism utilizing students’ informal knowledge along with environmental 

interactions mediated by the science educator helping provide a sense of relevance to the 

learner (Driver et al., 1994).   
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Vygotsky (1978) proposed the concept of mediation, which may be likened to 

scaffolding; as an instructional technique where the task that is to be learned is first 

modeled by the teacher, who gradually shifts responsibility to the student and then backs 

away.  Collaborative learning allows students to assume that same role within a socio-

cultural format that showcases the main ideas and preliminary results (Ludvigsen & 

Mørch, 2007).   

Dewey sketched out his views of reflective learning as having similar traits to the 

scientific method, which is understandable, since he started his career in education as a 

science teacher.  Those traits comprise 1) definition of the problem, 2) identifying 

conditions surrounding the problem, 3) deriving a hypothesis for a possible solution, 4) 

expanding and elaborating upon the usefulness of the possible solution(s), and 5) 

exploring the ideas presented for the most viable solution(s) to the problem.  Dewey 

claimed that the best instructional approaches were based upon experiences coupled with 

reflective thinking (Bybee et al., 2006). 

Bonwell and Eisen worked toward varying lecture formats to include more 

techniques involving active learning.  They offer the feedback lecture and the guided 

lecture as possible variations (Bonwell & Eison, 1991) although active learning may 

include anything in the classroom that students do aside from passively listening to a 

lecture.   

Kurt Koffka was a German psychologist who cofounded the Gestalt school of 

psychology with Wolfgang Kohler and Max Wertheimer; their work on perception led to 

an emphasis on the holistic approach of psychological phenomena.  Koffka is best known 
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for applying Gestalt principles to a variety of questions.  Gestalt is explained as the whole 

may be described, perceived, or constituted as more than the sum of its parts; Koffka 

stressed that the parts obtain their meaning from the whole entity and his work dealt with 

the applied psychology of perception, memory, and learning ("Kurt Koffka," 2015).   

Collaboration and Learning 

Constructivist vs. Vygotsky’s Social Constructivism 

Constructivist theory is underpinned by the process of problem solving in the 

classroom.  Constructivist teaching practices where students are actively involved in their 

learning show promise in helping students over the hurdle of the Anatomy and 

Physiology gatekeeper course.  Students are involved in inquiry methods to ask 

questions, investigate the issue(s), and utilize resources to compose their solutions and 

best answer response(s).  As they explore their topic(s) in question, they form 

conclusions, then revisit and revise those conclusions in order to explore further 

("Constructivism and social constructivism in the classroom," n.d.).   

By comparison, Vygotsky’s social constructivism theory differs from the above in 

that there is greater emphasis on the social interactions in the learning process, with more 

value placed upon the cultural background of the learners.  According to Vygotsky, the 

tools for learning are instilled by the student’s culture, which includes language, cultural 

history, social context, and now, with more learners being digital natives; the culture of 

information access by electronic means ("Becoming a Better University Teacher,"; 

Prensky, 2005/2006; Vygotsky, 1978).  
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Vygotsky proposed that all learning can be compiled from three theoretical 

stances, with the first focused on the assumption that learning is independent from the 

processes of development.  Learning would be considered as an external process that uses 

the accomplishments that are derived from development rather than transformations from 

the process of development (Vygotsky, 1978).  Development, according to this 

theoretical stance, is a pre-existing condition of learning, but not the result of learning.   

Vygotsky’s second major theoretical stance deals with learning actually being 

development.  In that aspect, development is considered to be a series of reflexes that are 

completely melded with the process of learning.  Accordingly, the learning process is 

viewed as a simplified form of habits, where learning is identified with development as 

“elaboration and substitution of innate responses” (Vygotsky, 1978).  James concurred, 

by reducing the learning process to the formation of habits and recognized the learning 

process as that of development (James, 1958).  James elaborated by stating, “Education, 

in short, cannot be better described than by calling it the organization of acquired habits 

of conduct and tendencies to behavior.”(James, 1958).   

The third stance removes either extreme from the comparisons of learning and 

development by essentially combining them.  According to Koffka, development is 

primarily two different, yet related, processes that impact the other.  Development is 

dependent upon maturation of the nervous system, as is learning, which is also a 

developmental process ("Kurt Koffka," 2015). 
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Theory of Digital Natives 

Per Vygotsky’s stance on learning being influenced by the student’s culture as 

language, cultural history, social context, and especially now by the culture of 

information accessed by technology; more learners are digital natives ("Becoming a 

Better University Teacher,"; Prensky, 2005/2006; Vygotsky, 1978).  Students have 

developed differently in how they learn in current times.  Net Generation, Generation@, 

or Digital Natives are all names that refer to the digital generation.  Today’s students are 

primarily digital and media literate, techno-savvy, and able to use other learning 

approaches than previous generations (Joy, 2012; Kennedy, Judd, Churchward, Gray, & 

Krause, 2008; Prensky, 2001a, 2005/2006; von der Heiden, Fleischer, Richert, & Jeschke, 

2011).   

These Digital Natives are of the generation that were born after 1980, and have 

been exposed to technology for all of their lives; which has created more challenges for 

educators who are predominantly digital immigrants that are more comfortable and 

proficient with the traditional educational practices and philosophies (Ghaith, 2010; 

Prensky, 2001a, 2007).    

A shift from traditional ways of teaching and learning into models that embrace 

the ideals of the digital natives is in accord with engaging them into class content, 

knowledge acquisition, and retention of information as well as within their program of 

study.  Digital Natives are quite different from those that were not born into the world of 

digital technology.  Those that have been adopted or have immigrated into this new world 

are known as Digital Immigrants who keep an “accent” due to their link with their 

historical past, similar to those who learn a new language later in life (Prensky, 
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2005/2006, p. 1.).  The Digital Natives have evolved and will continue to change rapidly; 

so much so that the Digital Immigrants will not be able to keep up (Joy, 2012).  

According to Prensky, (2005/2006) teachers will need to be known for their empathy and 

abilities to guide students rather than for their extensive content knowledge.  Teachers 

will need to essentially abandon their personal predigital instincts and comfort zones; 

they must rank student engagement higher than the subject content when they teach 

(Prensky, 2005/2006).   

Conversely, Nishant Shah, of the Centre for Internet and Society in India, in an 

interview with CNN, stated that “defining natives and immigrants by generation is a 

serious concern” (Joy, 2012) and that Prensky’s views were formulated from living a 

“privileged” (Joy, 2012) life in the United States.  Digital Natives may be hard to 

recognize from Digital Immigrants in other areas of the world, although Prensky is 

actually describing a digital generation gap in the States (Joy, 2012).  

Prensky (2001) emphasizes that 21st century teachers must use 21st century 

innovations and behaviors for students that are Digital Natives; meaning that students 

should be involved in the decision making, instructional design, and in leading 

discussions in the classroom.  While the teachers do not need to master all of the 

technologies available, they do need to incorporate those discussions, information, and 

knowledge that their students compile both outside and inside the classroom into their 

digital lives (Prensky, 2005/2006).   

Prensky’s concerns over the lack of technological proficiency among the Digital 

Immigrant educators was the impetus for him pushing for adjustments in the pedagogical 
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models to better suit the new generation(s) of learners and how they learn.  He viewed the 

disparity of technological literacy between the Digital Immigrants and the Digital Natives 

as “the biggest single problem facing education today” (p. 2) and suggested that the 

educational preferences and proficiencies of the Natives were incompatible to the 

educational teaching practices of the Immigrants’ (Prensky, 2001a). 

Digital Natives are impatient with traditional lectures and prefer receiving 

information quickly, while they rely heavily upon technology for communication and 

processing information.  They are generally team oriented, talented, and optimistic, and 

value classroom activities that pertain to their experiences (Ghaith, 2010; Prensky, 

2005/2006).  While that is true, there are still issues regarding the role of technology in 

their lives.  There is a significant proportion of the population of these young people that 

do not have access to today’s technology and do not use it daily or as a major component.  

Also, the claims that Digital Natives are comfortable with high-speed learning, multiple 

random connections, and rapid-processing of visual information, may not be as accurate 

as it initially appears.  Learning styles and learning preferences may vary, and the array 

of high-speed processing may disrupt concentration and cognition (Ghaith, 2010).   

Prensky (Prensky, 2001a) has proposed that the students entering higher 

education are quite different than any seen before.  Digital Natives have “spent their 

entire lives surrounded by and using computers, videogames, digital music players, video 

cams, cell phones, and all the other toys and tools of the digital age” (Prensky, 2001a, p. 

1).  Even though Prensky is credited with the first descriptions and name coinage, there 

have also been opponents to his claims regarding information processing and 

neuroplasticity of the digital natives; he ultimately stayed his course by stating in 2007, “. 
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. . our students are clamouring for these [new] technologies to be used as part of their 

education, in part because they are things that the students have already mastered and use 

in their daily lives, and in part because they realise just how useful they can be.” 

(Prensky, 2007, p. 41).    

One of the first studies that documented the numbers of college students that used 

the internet, email, and instant messaging was conducted in 2002 (Kennedy et al., 2008), 

with follow up studies again in 2005.  Results indicated that “high levels of use and skill 

did not necessarily translate into preferences for increased use of technology in the 

classroom” (Kennedy et al., 2008, p. 110) although students were comfortable with a core 

set of technologies, but less proficient with specialized technologies.  Students actually 

preferred a moderate amount of technology as a supplement within their courses 

(Kennedy et al., 2008).   

The use of technology in science classrooms has increased tremendously in the 

last twenty years (Means, 2006).  Information and communications technology (ICT) is 

not limited or stationary to a college classroom, but do occur in a constantly evolving 

manner.  Modern day science courses utilize more than one instructional technology to 

boost learning opportunities.  Zimmerman and Land  (2014) identified three guidelines 

for supporting undergraduate biology studies with technology using mobile computing 

as: 1) guiding conversations within scientific disciplines, 2) enhancing observations of 

relevant disciplinary aspects, and 3) exploring data and extending experiences for the 

student (Means, 2006; Zimmerman & Land, 2014).   
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A challenge in teaching undergraduate biology concepts is in helping students 

understand that tissues develop and diseases progress through integration of molecular 

and cellular processes (Kao, 2015).  An ever increasing dilemma that science educators 

also face within the curricula is that the content knowledge is increasing as is the need for 

students to learn basic science skills; yet concurrently there is a need to engage students 

to ingrain curiosity and understanding (Eberhardt, 2015).  Another challenge is the time 

factor that is a necessary part of assessing cognitive learning as educational technology 

evolves further (Rao, Collins, & DiCarlo, 2002).  There will be further emphasis placed 

upon the process of collecting evidences of student learning as the technologies change 

with and among the students.   

 Science educators, historians, and philosophers use the term “Nature of Science” 

in a format to mean “a rich description of what science is, how it works, how scientists 

operate as a social group and how society itself both directs and reacts to scientific 

endeavors” (McComas, 1998, p. 4).  Both teachers and students should understand the 

science content and the implications for what is meant by the “nature of science” 

according to both today’s curricula developers and the Central Association of Science 

and Mathematics Teachers from 1907 (McComas, 1998, 2004)  

Collaborative Learning 

Collaborative learning involves the student, but also the teacher, who is 

challenged in finding ways to grade equitably, assessing the learning of each individual 

who is part of a collaborative environment, and then grading the group work. Grading 

scenarios include accountability for both the individual as well as the group evaluations.  

Grading scenarios include a) individual + group grades on tests, b) collaborative work 
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being used as “class participation” (Cerbin, 2010, p. 2), c) a research team model, d) 

contract grading for group  projects, and e) additional modifications to collaborative 

work, whether it is a writing assignment, techniques or skills to be learned, constructing 

assignments on projects to support students’ strengths, dealing with slacker students, and 

concerns regarding quieter, more passive students in finding a stronger role or voice in 

their collaborative efforts (Cerbin, 2010).  

Teachers find it absolutely essential to have fair and equitable learning goals, 

criteria, and standards before students begin a collaborative event.  Those goals, criteria, 

and standards should be well communicated to students in writing as well as reviewed 

(Cerbin, 2010).  Teachers should explain to students the purpose in participating in group 

work, the student learning goals, and involve students in creating the norms and ground 

rules for group learning while in class.  Clear directions should be spelled out and go 

beyond “everyone should participate and contribute to the discussion” (Cerbin 2010, p. 

3).  Teachers should also monitor the groups while in class, and periodically ask for 

updates, provide help when groups go off task, encourage continued pace and progress 

toward goals, and offer closure at the end of the class period.  There are a variety of ways 

to incorporate group work, discussions, and team projects into the online environment via 

asynchronous online endeavors for student-centered collaborative learning.   

Teachers also need to be aware of the potentials for student burnout if there are 

other courses with collaborative projects, along with the time commitments involved and 

possible schedule conflicts if students cannot finish their projects during class times.  

Coupled with that, there are also occasions in which collaborative learning is not the 
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preferred mode of learning.  There are times when students need to work individually to 

be more effective in their learning (Cerbin, 2010).  

According to Linus Pauling, “The best way to get a good idea is to get a lot of 

ideas” (Crick, 1995) and there are several strategies educators can implement in the 

classroom to excite students and enhance learning.  Jim Eison, of the University of South 

Florida, offers a listing of active learning instructional strategies that provide 

commonality in “involving students in doing things and thinking about the things they are 

doing” (Bonwell & Eison, 1991).   

Active learning strategies improve student understanding and retention of course 

content.  Active learning should engage students in 1) thinking creatively and/or 

critically, 2) speaking; either with a partner, small group, or entire class, 3) writing to 

express ideas, 4) elaborating upon personal values and attributes, 5) providing and 

offering feedback, and 6) reflecting upon the process of learning (Eison, 2010).  A 

modified form of “writing to express ideas” (Eison, 2010, p. 1) that incorporates many if 

not all of the previously mentioned instructional active learning strategies is the 

microtheme assignment.  A microtheme is a brief essay that is limited to one side of a 5” 

x 8” card and may be categorized as either a 1) summary that requires reading, 

comprehending, then condensing information, 2) thesis-support that requires defending a 

position backed up with evidence, 3) data-provided microtheme that requires 

interpretation of the data in graphical form followed by comments, and finally 4) the 

quandary-posing format that is presented in puzzle form that must be explained by the 

use of course content (Eison, 2010).  Students assigned ungraded microthemes over 

lecture materials have been shown to increase knowledge and performance on both 
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factual as well as conceptual assessment questions over students who simply think about 

the material (no writing involved) (Eison, 2010).   

Similarly, long-term memories may be increased when students are utilizing 

portions of their learning period(s) to retrieve information that should be remembered.  

This practice is referred to as the testing effect, or test-enhanced learning, and is further 

described as the act of testing an individual’s memory as part of actually strengthening 

their memory; whether or not there is feedback offered.  Testing effect benefits long-term 

memory storage when the content that is tested is of a challenging difficulty level, the 

retrieval of information from memory is successful, and the correct answers are offered 

as part of the feedback.  The practice of memory retrieval enhances the effect of storing 

those memories ("The Testing Effect," 2006).  

Active Learning by Collaborative Assessments to Increase Student Learning 

One way to put active learning into practice is by modifying testing procedures.  

Assessment tools such as quizzes and exams can and should be used for learning.  

Students learning in collaboration with each other have been shown to have more positive 

outcomes, better student learning, and an increase in student engagement in the classroom 

(Knierim, Turner, & Davis, 2015; Rao et al., 2002).  The completion of quizzes by 

students working in small groups has been shown to enhance understanding of the course 

material according to Rao and Knierim’s research (Knierim et al., 2015; Rao et al., 2002).  

Accordingly, assessment involves the process of gathering information about both quality 

and quantity of changes within a student or a group of students; assessments measure 

competencies associated with work habits, attitudes, reasoning skills, and academic 

learning (Rao et al., 2002).   
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The most common types of assessment tools include quizzes and exams followed 

by the assigning of grades or scores.  There are advantages to using quizzes to facilitate 

learning, especially with large groups of students over a short time period that are 

involved in a broad and varied array of content knowledge.  Quizzes may offer a 

portrayal of teaching quality, but still cause some disadvantages, especially in time lags 

from when students take a quiz until they are offered feedback, which may be not only 

late, but lacking in details.  Pedagogically, quizzes should go beyond the basis of grades 

and offer value in the instructional merit(s) as a teaching tactic for propelling teachers to 

teach and students to learn.   

Proper quiz construction helps put the course in perspective with what students 

have and have not learned; revealing both the depth and the scope of students’ prior 

knowledge.  That said, lack of immediate feedback to students disrupts the pedagogical 

value.  The ability to discuss individual questions immediately upon completion makes 

educational sense.  Also, since students typically complete quizzes independently, the 

learning focus transfers from teacher-to-student, even though student-to-student group 

settings have been shown to be of more benefit for transfer of knowledge (Rao et al., 

2002).  Opportunities for cooperative learning should enhance and extend understanding 

of difficult course content, but coupled with the knowledge gains are opportunities to 

gain emotional as well as intellectual support that allows students to accomplish goals 

well beyond their current knowledge and skill levels.    

Constructivist teaching practices where students are actively involved in their 

learning show promise in helping students over the hurdle of the Anatomy and 

Physiology gatekeeper course.  Cooperative learning environments both allow and 
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encourage students to become more engaged in their learning by opportunities to discuss 

the material, synthesize and integrate the components of what is to be learned, as well as 

the cultural benefits from the positives arising from working with individuals from 

different ethnicities, promotion of self-esteem, and willingness to work in teams in other 

settings (Rao et al., 2002).  An example of a well-planned collaborative learning 

environment (classroom) is shown in Appendix B.   

Collaborative learning has benefitted students on higher stakes grades such as 

scores on exams.  Generally, higher scores are also indicative of more understanding of 

the material when students are allowed to complete exams while working in small 

groups.  While quizzes revealed their value as both an assessment tool along as a learning 

tool, higher stakes exams should as well if students are allowed to discuss important 

content topics during exams. Understanding and comprehension of the material should 

also increase, according to Rao and Knierim (Knierim et al., 2015; Rao et al., 2002).   

One potential constructivist practice is students taking quizzes or exams 

collaboratively so they can share and debate ideas.  One method devised to enhance as 

well as assess student learning was to have students complete a quiz individually, then 

take the same quiz again while working in a group.  The final score was based upon using 

80% from the individual portion coupled with 20% from the group effort (Rao et al., 

2002).  This method could work effectively when implemented with high stakes testing 

also.     

Another effort employed to enhance and improve student learning includes the 

following example from an institution offering an undergraduate science course.  Efforts 
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to improve student learning in Introductory Geology classes at the University of Arkansas 

included the use of two-stage exams as a measurement tool when using exam scores.  The 

researchers found that collaborative learning in a college classroom was difficult to assess 

on student exams when the emphasis focused on individual student achievement; 

therefore two-stage, cooperative, or pyramid type exams offered a way to incorporate 

collaborative learning in summative assessments (Knierim et al., 2015).  Two-stage 

exams are typically comprised of two elements; either students complete one part of the 

exam independently in a proctored, closed book environment, and then part two consists 

of a) an open-book portion of the exam that students complete individually, or b) 

collaboratively, with another student peer or with a small group of three-to-four students 

collectively, either with or without textbooks and/or other resources.   Two-stage 

independent exams are identified as TS-I, and two-stage collaborative exams are 

identified as TS-C types.   

Typically, the second stage, whether students are working independently or not, 

consists of completely identical exam questions, new or more difficult exam questions, or 

a combination of the two (Knierim et al., 2015).  Also, the parts of the exam may be 

weighted so that the first part is worth around 70-80% of the grade, although student 

grades will not be lower(ed) whether they complete the second part or not.  The benefits 

to this collaborative learning method is that when students are collaborating, they are 

likely more motivated to learn due to the peer-to-peer interactions, providing 

opportunities to practice the new vocabulary learned, adapting new-found knowledge into 

their own existing ideas, and being provided with immediate feedback (Knierim et al., 

2015).   
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Similarly, Wayne State University School of Medicine implemented a post-

baccalaureate program effort to improve student learning in academic skills, scientific 

knowledge, and personal adjustment in a 10-month intense academic program.  Students 

from minority or underrepresented areas (rural, socioeconomic, and racial) who showed 

academic potential but who were not admitted into the medical program were the sample 

population to analyze the three foundational elements of 1) structured courses, 2) subject 

ancillaries, and 3) MCAT preparation (Lujan & DiCarlo, 2014; Rao et al., 2002).   

Structured courses are comprised of chemistry, biochemistry, histology, gross 

anatomy, physiology, and embryology that are spread evenly across three consecutive 

semesters.  Each course was divided into six or eight weeks, and quizzes were given for 

each topic covered; students completed quizzes individually, then cooperatively in the 

80-20% configuration for scoring (Lujan & DiCarlo, 2014; Rao et al., 2002).  Regardless 

of the type of quiz, (true/false, multiple choice, short answer, essay, etc.) student 

performance and grades increased to a nearly identical six percent.  This increase may be 

attributed to better understanding of the material that came about from students working 

cooperatively to derive solutions to the problems presented to them.   

Cooperation may also be exhibited by student disagreements that must be 

resolved by group consensus; a challenge since students “must be convinced of an answer 

they disagree with” (Rao et al., 2002, p. 39).  Discussion over each quiz item allows 

students to better understand the material while gaining more self-confidence.  Further 

studies have also indicated that student groups are “stronger than the sum of their parts . . 

. students perform higher academically when they work in groups” (Rao et al., 2002, p. 

39). 



Texas Tech University, Susan Coleman Burgoon, August 2017 

38 

These modified testing procedures both apply and appeal to the active learning 

ideas mentioned previously.  Collaborative testing, separate and apart from other 

collaborative and active learning efforts, is showing additional benefits in enhancing 

learning and increasing student retention of course content (Cortright, Collins, 

Rodenbaugh, & DiCarlo, 2003; Knierim et al., 2015; Lujan & DiCarlo, 2014; Rao et al., 

2002).  Additionally, another study involving undergraduate exercise physiology students 

revealed that collaborative testing did indeed enhance student test performance, but 

questioned whether collaborative testing would actually improve student retention of 

course content that was learned previously (Cortright et al., 2003). 

Undergraduate students who completed an introductory physiology course had no 

advantage over students who did not complete an introductory course according to 

Cortright, et al. (2003), and Richardson (2000).  Cortright (Cortright et al., 2003) 

documented that retention of course content knowledge is shortened when both types are 

enrolled in a subsequent upper-level physiology course; the experienced students had no 

advantage over the incoming students when faced with the advanced level course.  

Cortright’s group (Cortright et al., 2003) tested their hypothesis that collaborative 

testing would also improve student retention of previously learned content.  They divided 

classes of 38 students into halves, with each resulting group answering questions 

individually on their exams, and then one group answering a randomly selected subset of 

questions from that same exam but also working together in groups of two immediately 

afterward to answer the questions.  A follow up exam was given four weeks later to test 

the effectiveness of collaboration on the test performance as well as the level of student 
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retention.  Students answered questions individually in the traditional format as well as 

the same subset of questions from exam 1.   

Summary 

Both cooperative and collaborative efforts as methods of active learning promote 

more understanding of course content than students working individually.  Students 

overwhelmingly rated the format of using individual performance scores followed by 

group collaboration as superior on both assessment types; low stakes quizzing and high 

stakes exams.  A sample collaboration evaluation form as was used by Cerbin (2010) is 

shown in Appendix C.  The extra time involved in collaborative efforts was 

inconsequential when students gained further understanding of difficult course content, 

achieved higher academic achievement, formed more positive peer relationships, 

developed more favorable psychological health, and were participating in a classroom 

that was pedagogically constructive (Cortright et al., 2003, Cerbin, 2010).   This research 

endeavor explored using a two-stage collaborative exam and its effect upon the 

summative final exam for undergraduate Human Anatomy & Physiology I students in 

hopes that student retention of content knowledge could be measured and found to have a 

significant impact on student learning.      
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CHAPTER III 

METHODOLOGY 

Study Overview 

The growing need for health workers in the United States requires success in 

gatekeeper courses for students launching into many health careers.  Anatomy and 

Physiology I serves as a key gatekeeper course in nursing, allied health, and STEM 

programs.      

This researcher’s institution participates in the Title V federal financial aid 

programs as it serves a large rural populace in Texas with an array of associate’s degrees 

and certificate programs as well as transfer level courses to professional schools and 

universities.  According to recent data from Integrated Postsecondary Education Data 

System (IPEDS), 46% percent of all undergraduate students are on some type of grant or 

financial aid with 17% of students granted federal student loans.  First-time 

undergraduate students comprise 76% of those with financial aid from a student body 

count just shy of 11,000.  Retention of full-time students is at 56% as compared to 40% 

for part-time students (Integrated postsecondary education data system (IPEDS), 2013-

14).  

Appendix D displays how community college enrollment has increased by 62% 

from the year 2000, which equates to an increase across Texas of close to 300,000 

students.  Community colleges across the nation serve as the largest area of higher 

education at 52%; with Texas enrollments comprising nearly half at 47%.  Seventy-four 

percent of all freshman and sophomore students enrolled in Texas public higher 

education attend community colleges, while 78% of all minority freshman and 
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sophomore students attend community college. The numbers of students transferring to 

universities from community colleges has increased by over 30,000 per year since 2010, 

which is an increase of 22% since 2000.  There has been an increase by 177% of degrees 

and certificates awarded by community colleges since 2000.  The Student Success Points 

Model for awarding funding for community colleges takes into account that students 

enrolled in community colleges possess varying levels of college preparation and career 

or lifetime goals.  The Student Success Points Model indicates that community colleges 

are not and should not be definitively assessed by end-point goals such as degrees and 

transfers, but should include intermediate goals that are markers of student success, such 

as developmental education, college-level course completion, and transfer-level courses 

to universities ("Enrollment at Texas Public Community Colleges," 2017).   

Each year students enter community colleges underprepared for college-level 

work.  They face huge challenges while pursuing an education.  They are owed guidance 

and support to continue their goals according to the Center for Community College 

Student Engagement (2016).  The American Association of Community Colleges’ 21st 

Century Commission on the Future of Community Colleges challenged institutions to 

increase their completion rates of college-level gatekeeper courses by the year 2020.  

Community colleges are charged to increase completion rates for certificates and 

associate degrees by 50% while “preserving access and enhancing quality” (Center for 

Community College Student Engagement, p. 3, 2016).  In order to progress toward the 

goal, colleges must “increase the rate of success of incoming students” (Center for 

Community College Student Engagement, p. 3, 2016).  Sadly, only 39% of students earn 

a degree or certificate within six years.  Over half of community college faculty assess 
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student preparedness at the beginning of each term; 70% of faculty teaching 

developmental courses do so, and 54% of those teaching only college-level classes do.  

Responses of most college-level faculty are to recommend tutoring or to make 

adjustments in their course pedagogy (Center for Community College Student 

Engagement, 2016).      

According to the student demographic analysis conducted at this researcher’s 

institution of higher education, 73% of the students enrolled are first-time college 

students.  Forty-two percent of the student body receive no financial support from their 

families.  Only fifteen percent may be deemed college ready for Math, 26% for English, 

and 34% for Reading.  Forty to forty-five percent of enrollees intend to get their 

associate’s degree or certificate and then go to work, while 23% of students plan to 

transfer to a university or professional institution for their degree (No Excuses Data, 

2011).  Major goals of the institution are to increase success rates in developmental 

courses so that students may progress on toward credit and transfer courses in addition to 

the successful completion of the gateway courses that are prerequisites toward 

professional and educational goals.  Accordingly, 67% of students successfully 

completed their gateway courses in 2010 but students hailing from impoverished 

backgrounds are found to have a ten percent less successful  rate in conquering those 

gateway courses (No Excuses Data, 2011).   

This researcher’s institution is indicative of most of Texas’ community colleges, 

being a medium-to-large-sized school with an undergraduate enrollment of between 

8200-11,000 students; with nearly 8000 of those degree-seeking.  It is a two-year public 

institution that is mostly a commuter campus located in an urban setting.  The mean age 



Texas Tech University, Susan Coleman Burgoon, August 2017 

43 

of all enrolled students is 29, and 99 percent of all these students come from within the 

state, with the college centrally located midway between two large southwestern 

metropolises ("Big Future," 2017).  3,175 students were enrolled full-time in 2014, with 

over 7600 part-time students who often worked one, two, or more jobs.  Entering students 

who are full-time first time undergraduates is at 25 percent.  The graduation rate hovers at 

15 percent but is increasing.  The transfer-out rate is 11 percent.  61% of the student 

population is female; 39% is male.  The student to faculty ratio is 21-to-1 (citation 

omitted to protect participants’ anonymity).  The 2014 US. News & World Report 

displayed the demographics for the institution as follows:  

 
Figure 1: Gender distribution 

Note. (Citation omitted to protect participants’ anonymity) 
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Figure 2: Ethnicity distribution 

Note. (Citation omitted to protect participants’ anonymity) 

 

 

Figure 3: Age distribution 

Note. (Citation omitted to protect participants’ anonymity) 

 

The high drop/withdrawal rate in undergraduate Human Anatomy and Physiology 

I (Gultice et al., 2015; Hopper, 2011) was the impetus for exploring the effect of 
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collaboration upon knowledge retention as measured by the final exam grades and overall 

success in the course.  The additional goal of increasing the college’s completion and 

success rates as challenged by the American Association of Community Colleges’ 21st 

Century Commission on the Future of Community Colleges (Center for Community 

College Student Engagement, p. 3, 2016) is also a major factor.  Future triumphs for the 

student in STEM and allied health majors is dependent upon successful completion of 

gateway courses such as undergraduate Human Anatomy and Physiology I that may 

propel them further toward their educational and career goals.  With undergraduate 

Human Anatomy and Physiology I serving as a gateway course to most allied health 

programs, all students at this researcher’s institution are self-selecting into the course 

sections that best fit their personal schedules.  Minor differences between groups are to 

be expected, with inconsequential influence, if any, upon the dependent variable or 

contradiction to counter the testing method identified as the independent variable.  All of 

the groups are similar enough in station, location, times, days, semesters, and 

instructional methods to be compared fairly and equivalently.  There was an assumption 

that both populations of students from spring 2016 to fall 2016 from two different 

campuses that are separated by 96 miles represent the same population of students 

applying for STEM, nursing, and allied health programs in which undergraduate BIOL 

2401 Human Anatomy and Physiology I is a gateway course for admission.   

Two-stage collaborative (TS-C) exams, also known as pyramid or cooperative 

exams, can offer a worthwhile  way to incorporate collaborative learning in summative 

assessments (Knierim et al., 2015).  These exams are composed of two parts, or stages, in 

which students complete the first part independently, and the second part in collaboration 
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with a peer or small group of peers; with or without other resources such as textbooks, 

notes, or study guides.  These two-stage collaborative exams are designated as TS-C 

types henceforth.   

This quantitative quasi-experimental research study used a collaborative learning 

method in the form of one TS-C high stakes unit exam that covered three related chapters 

from the combined lecture and laboratory components of undergraduate Human Anatomy 

and Physiology I.  Quasi-experimental studies lack control over the assignment of 

participants that receive the treatment but the studies involve observations after an 

intervention or treatment with covariates observed if a control is present (Campbell & 

Stanley, 1963). 

The TS-C exam used a majority of completely identical exam questions coupled 

with a smaller set of new or varied exam questions.  A sample of questions from the 

undergraduate Anatomy and Physiology I unit exam used at this researcher’s institution 

reflective of Muscle Metabolism content is provided in Appendix E.  The individual 

exam questions were not assessed as they collectively covered content knowledge, 

critical thinking, and problem solving, but the students’ scores according to the exam 

questions were evaluated for learning and learning retention.  The same instructional 

methods, textbook, lab manual, assignments, and lab practicals were common to each 

group.  All exams were conducted in a proctored environment.   

The first stage of the two-stage collaboration (TS-C) exam was graded but not 

reported to students before they took the second stage of the TS-C exam.  Students were 

not aware prior to the second stage that they would have an opportunity to retake the 
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exam.  The score for the second stage of the TS-C exam was averaged with the first stage 

and the resulting averaged score was entered into the online gradebook.  Both stages of 

the TS-C exam were weighted equally, but students were not penalized if they scored 

lower on the second stage rather than the first stage.  The online gradebook provided by 

the content management area of the institutional learning system is currently Blackboard 

Inc. LMS.  This researcher teaches multiple course sections of Human Anatomy and 

Physiology I and Human Anatomy and Physiology II each semester, including periodic 

honors sections, intermittent night classes, and satellite campus sections.  One course 

section served as the control and did not participate in the second stage of the TS-C exam 

but their unit exam grade(s) and final exam grade were compared to the other class 

sections who did participate in the TS-C exam collaboration method over the span of two 

semesters and two campuses.    

Cortright et al. found that student test performance was indeed enhanced, but also 

questioned whether the collaborative effort would effectively improve student retention 

of previously learned course content (Cortright, Collins, Rodenbaugh, & DiCarlo, 2003). 

A question that was explored in this research project included asking whether using 

student collaboration on the unit exam over muscles and metabolism content would help 

increase learning retention when measured by selected items from that same exam were 

included on the comprehensive final exam.  Several researchers have found collaborative 

testing to be of benefit in enhancing learning and increasing student retention (Cortright, 

Collins, Rodenbaugh, & DiCarlo, 2003; Knierim et al., 2015; Lujan & DiCarlo, 2014; 

Rao, Collins, & DiCarlo, 2002).  Based on these findings in other science courses, it was 

hypothesized that students exposed to this collaborative learning method using the two-
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stage collaboration method (TS-C) for one unit exam would also score higher on the 

comprehensive final exam than students who did not collaborate on the same unit exam. 

This research project further explored the process of testing the hypothesis that 

collaborative testing could also improve student retention of previously learned content.  

Cortright’s group implemented a follow up exam that was given four weeks after the 

collaborative exam in order to test the collaboration effect upon the students’ test 

performance (Cortright et al., 2003).  This research project used the comprehensive 

summative final exam as the indicator for student retention of course content following 

the TS-C collaboration method.    

Research Questions and Hypotheses 

The research questions were identified by hierarchy but were explored in 

sequence.  From a hierarchical standpoint, the main research question is:  Is there a 

significant difference between the performance of students who had taken (1) a two-stage 

collaborative exam over the topic of muscles and metabolism versus (2) those who had 

taken the same exam in the traditional, individual manner over questions about muscles 

and metabolism in an end-of-course comprehensive exam? 

Three subsidiary questions to support the main research question asked if there 

was a significant difference between the groups’ foundational knowledge of Anatomy 

and Physiology I at the start of the semester and if there was a significant difference 

between the individual performance of the groups for the muscles and metabolism exam?  
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Research Question One 

In sequence the first research question asked whether there was a significant 

difference in the experimental and control groups’ initial knowledge and background of 

the Human Anatomy and Physiology I course content.  Students in the experimental 

group took an exam on muscles and metabolism in the customary, individual manner and 

in the next class period took the same exam a second time in collaboration with one other 

student in their group.  Students in the control group took the same exam only once in the 

usual, individual manner. 

Research Question Two 

The next subsidiary research question asked whether there was a significant 

difference between the experimental and control group students’ knowledge of muscles 

and metabolism as revealed by an exam taken in the typical, individual manner.   

Research Question Three 

The third research question asked whether there was a significant difference 

between the experimental students’ knowledge of muscles and metabolism as revealed by 

an exam taken in the typical, individual matter versus the same exam subsequently taken 

in collaboration with another student as pairs.    

Research Question Four 

The paramount research question asked whether the experimental group who took 

the exam on muscles and metabolism twice – once individually followed by taking the 

same exam collaboratively – performed significantly differently than a control group who 
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took the exam only individually on questions about muscles and metabolism in a delayed 

posttest, the course final exam.  

Independent two sample t-tests were used to compare the mean exam scores of 

students who used collaborative learning as an intervention when compared with using 

the previously existing individual testing method.   

Research Design 

The experimental design was patterned after the uniform code set forth by 

Campbell and Stanley (1963) to deal with threats to valid inference as the variables are 

manipulated.  The uniform code is as follows:   

X—exposure of a group to an experimental variable or event which will be 

measured 

 

O—process of observation or measurement 

Rows of X’s and O’s are applied to the same specific persons or group 

Left to Right—Temporal order 

X’s and O’s vertical—Simultaneous 

The most used recommended designs all involve a single X being compared with no X.   

Good experimental design is separable from statistical test significance while 

interpretability of results depends upon the control over the manipulated factors 

(Campbell & Stanley, 1963).  The one-variable-at-a-time research done by McCall 

(McCall, 1923), in the early days of educational experimentation proved to be quite 

limiting when compared with the ability of two or more experimental variables utilized 

by Stanley (Campbell & Stanley, 1963).  Campbell and Stanley's Design 6 fulfills the 

need of randomization without using a pretest while controlling for testing as main effect 
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and interaction (Campbell & Stanley, 1963).  This way, the X and posttest O may be used 

as a single delivery package when introduced to students for the intent of researching the 

testing procedure as making a difference in retention of content material as shown in final 

exam scores.   

The research design designates X1 as the student group receiving the opportunity 

to collaborate on one unit exam as the experimental group with O representing the post-

test comprehensive final exam.  X2 represents the control group that did not receive the 

collaborative second exam, resulting in an effective Campbell and Stanley format (1963) 

as shown: 

X1  O 

 

X2  O 

 

The addition of a pretest, represented by O1 offers more features for analyzing the data, 

where O1 = the pretest (unit exam) and O2 = the posttest (final exam) as represented by 

the design illustrated below:   

O1  X1  O2 

 

O1  X2  O2 

 

A more fitting research design also designates O1 as a pretest, X1 as the 

experimental group, and X2 as the control group, but inserts O2 as an immediate posttest 

represented by the collaborative exam when taken by the experimental group X1, and 

with O3 as the delayed posttest represented by selected questions on the final exam 

derived from the pre- and immediate posttests, O1 and O2. 
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Figure 4: Research design for two-stage collaboration 

The pre-treatment or preliminary exam  scores over general knowledge of 

Anatomy and Physiology were compared to explore if there was any significant 

difference in the groups’ knowledge at the beginning of the course as shown in Figure 4 

above.  In order to ascertain whether the experimental and control groups were 

significantly different in their knowledge when measured by an exam over knowledge of 

muscles and metabolism (O1), which was taken individually by all students in both the 

experimental and control groups; the two groups’ scores were compared using a t-test as 

indicated in Figure 4 by the double arrowhead .  In order to learn whether the 
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experimental group students performed significantly differently on the immediate 

posttest, which was taken collaboratively the following class period (O2), and the first 

pre-test administration (O1); a t-test was performed comparing O1 and O2 scores as 

indicated in Figure 4 by the double arrowhead labeled B.   Finally, in 

order to determine whether the students who were provided the opportunity to collaborate 

on the exam over muscles and metabolism retained significantly more or less knowledge 

of the muscles and metabolism content, a t-test was performed to compare the 

experimental and control groups’ performance on the final exam’s questions about 

metabolism as indicated by the double arrowhead labeled C.  The blackened box 

(█) indicates the students in the control group who did not take the test a second time 

collaboratively.   

Because this research project was intent upon exploring the effects of student 

collaboration on a major exam score and how it affected the comprehensive final exam in 

undergraduate Human Anatomy and Physiology I, the methodology for analysis included 

using the unequal variances t-test, also known as Welch’s t-test, which is a more reliable 

adaptation of the Student’s t-test.  Welch’s t-test was developed for studies that have 

samples unequal in size with unequal variances, but the assumption of normality is 

maintained.  Welch’s unequal variance t-test maintains minimal Type I error rates for 

unequal variances and for unequal sample sizes with the ability of having more power 

that the Student’s t-test.  Welch’s t-test is also more robust than one-way Analysis of 
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Variance (ANOVA) because it can be generalized to more than two samples, plus it 

maintains its robustness for skewed distributions.  Welch’s t-test is a more reliable 

indicator when two samples are unequal in size and have unequal variances as in this 

situation.   

The comparison of unit exam scores were statistically analyzed by using the 

unequal variances t-test to determine whether the treatment of using the two-stage 

collaboration (TS-C) method increased student learning after the collaboration event and 

aided in retention of knowledge for the subsequent comprehensive final exam.  This two-

stage collaboration effort on a high-stakes unit exam and the effect of the TS-C upon the 

summative final exam for undergraduate level Human Anatomy and Physiology I was 

measured and analyzed for effectiveness upon student retention of content mastery and 

learning by using Welch’s unequal variances t-test for statistical significance.  The t-

value was obtained by calculations from the sample size, the sample means, and the 

standard deviation.  The t-test value was converted to a p value and the p value was used 

for determination of the level of significance; whether to accept or reject the null 

hypothesis at a level of significance of 0.05, which is the norm to sufficiently reject the 

null and accept the alternative hypothesis/hypotheses.    

Using Welch’s unequal variances t-test to look at differences between two groups 

on a variable of interest; in this instance, as unit exam scores from students who did not 

collaborate were compared with unit exam scores from students who did collaborate on 

the second attempt on the same unit exam should determine whether this treatment of 

using the TS-C method made a significant difference in learning and retention of content 

knowledge.  Accordingly, the independent variable must utilize only two groups.  The 



Texas Tech University, Susan Coleman Burgoon, August 2017 

55 

TS-C method designates the pre- and post-treatment groups that collaborated compared 

to students who did not collaborate on a unit exam.   

For research question number two, the independent variable was identified as the 

testing method of using TS-C collaboration on a unit exam and the dependent variable 

was identified as learning as measured by the exam scores on nearly identical units of 

study in corresponding undergraduate level Human Anatomy and Physiology I courses.   

For research question number four, the independent variable was identified as 

using TS-C collaboration as a testing method on one unit exam and the dependent 

variable was identified as learning as measured as a percentage of the selected items from 

muscles and metabolism content on the comprehensive final exam related to the scores in 

undergraduate level Human Anatomy and Physiology I.   

Welch’s unequal variances t-test tested the significance of the means between two 

or more groups when the independent variable has two or more categories.  Welch’s t-test 

determined whether there was a difference between groups, but did not show which one 

is different.  Most importantly, Welch’s t-test tested the null hypothesis by:   

H0:  µ1 = µ2 = µ3 = . . . = µk  

when the group mean was designated by µ and k equaling the number of groups.  If the 

Welch’s unequal variances t-test results were deemed significant, then the alternative 

hypothesis (Ha) would be accepted and the null would be rejected.  If the alternative 

hypothesis is accepted, then there are at least two group means that exhibit a significant 

difference from each other.   
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If only multiple t-tests were used, there would be an increased possibility of 

making a Type 1 error.  A Type I error is the likelihood of a difference occurring by 

chance.  Running a two sample t-test allows a five percent chance of making a Type 1 

error; running two t-tests on the same data will increase the change of error to ten 

percent, and so on.  Welch’s t-test controls for the error condition such that the likelihood 

of making a Type 1 error remains at one percent, which in turn provides more confidence 

that significant results are truly significant and not due to chance.   

Homogeneity of variance assumption means that the variance within each of the 

populations is equal (Moser & Stevens, 1992).  ANOVA would be an alternative choice 

for statistical analysis if this assumption were violated except when there are unequal 

number of subjects in the groups as in this case ("One-way ANOVA," 2013).  Welch’s t-

test was selected over ANOVA, due to the assumption of a violation of homogeneity of 

variances ("One-way ANOVA," 2013) although a Welch’s ANOVA was performed for 

verification of results. 

There are six assumptions that are required for validating the use of a one-way 

ANOVA even if one of those assumptions were violated; essentially meaning that the 

assumption was not met, due to the fact of using real-world data from actual class 

sections.  The six assumptions are as follows: 

1.  The dependent variable should be either interval or ratio levels.  

2. The independent variable should be comprised of two or more independent, 

categorical groups.   

3. There should be independence of observations; meaning that there is no 

relationship between the actual groups or the observations within each group. 
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4. There should be no significant outliers.  Outliers negatively effect on one-way 

ANOVA by reducing the validity of the results.   

5. The dependent variable should be approximately normally distributed for each 

independent variable category.   

6. Homogeneity of variances is needed.   

All of these assumptions were checked, although assumption numbers 4, 5, and 6 were 

checked in order, because if an assumption was violated and not correctable, then a one-

way ANOVA would no longer be appropriate ("One-way ANOVA," 2013).  In this 

project, the assumption of homogeneity of variances was violated, so ANOVA was not 

the best choice, because there were unequal variances between the experimental and 

control groups.     

The Welch’s t-test was used because of the performance it offers for the unequal 

sample sizes and variances between groups.  Welch’s t-test was chosen over Levene’s 

test, because Levene’s has less power and could fail to reject the null hypothesis due to 

variances and could also influence the Type I error rate (Myers, Well, & Lorch, 2010; 

Warner, 2013).  Welch’s t-test maintains the Type I error rate for unequal variances when 

groups are unequal (Lakens, 2015; Warner, 2013). 

For simplicity, Welch’s unequal variances t-test was the most appropriate ("One-

way ANOVA," 2013), and it was generalized to include more than two samples, which is 

more robust than a one-way ANOVA.  Welch’s unequal variances t-test is more reliable 

for two samples that have unequal variances and unequal sample sizes, such as for this 

research project.   
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Sample 

Undergraduate students comprised of freshman and sophomore-level nursing, 

allied health, and STEM majors that were enrolled in introductory Human Anatomy and 

Physiology I (BIOL 2401) in a Texas community college made up the target population.  

The study examined existing data sets of de-identified exam scores for students enrolled 

in the spring and fall semesters of 2016 on two separate campuses of the institution.   

The exam scores were de-identified by randomly assigned numbers to replace 

student names.  Groups were intact rather than randomly assigned, hence the quasi-

experimental research design.  Quasi-experimental experiments lack control over the 

assignment of participants to the receipt of treatment because students self-selected the 

course section(s) from a listing of BIOL 2401 Human Anatomy and Physiology I course 

sections offered at the institution.  This researcher’s institution of higher education, being 

a community college, offers a variety of class formats, days, times, and options to better 

serve student needs.  Included for undergraduate BIOL 2401 Human Anatomy and 

Physiology I are the traditional 16-week semester sections, 8-week section sessions, fully 

online, night, and high school dual-credit options.  This research project only dealt with 

the traditional 16-week format for the sections taught by this researcher that were held on 

two campuses from the same institution separated geographically by 96 miles (154.5 km).    

Limitations 

This study involved only a medium-sized institution of higher education in the 

Southwestern United States and was not intended to represent all instructional methods, 

instructors, or institutions that offer undergraduate level Human Anatomy and Physiology 
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I courses.  The purposive sampling procedure dealt solely with previously taught sections 

of undergraduate level Human Anatomy and Physiology I that has been (and is still) 

subject to state and local administrative mandates.  The collaborative group was not 

informed of the opportunity to collaborate on the TS-C second exam stage until the actual 

collaboration event, so as to maintain equivalent time on task as with the control group. 

Even so, the time allotted for the collaborative event may allow students a small 

difference in exposure time to the exam questions and reflection over the muscles and 

metabolism content which could possibly offer the experimental group a slight advantage 

over the control group, depending upon each individual student’s study habits before any 

exam was administered.  Directives from administrative leadership, instructional 

objectives, outcomes assessments, and textbook changes also offer the possibility of 

some imbalances in comparisons as courses have evolved.     

Other limitations are identified in the form of external validity as to how this 

small, localized, purposive sample size may be generalized to a larger, randomly-selected 

sample that may be more representative for undergraduate Human Anatomy and 

Physiology I courses across the United States.  The ability to replicate an experiment is 

the ultimate test for external validity; the same study with different subjects in hopes of 

obtaining the same results.  Internal validity refers to ways to minimize biases and 

effectively neutralize or account for situations that may influence the outcome or 

expectations of the experimentation.  Internal validity contrasts with external validity; 

precautions that may be taken to control the experimental design may also limit the 

external validity of the findings.   
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According to Campbell and Stanley (1963), there are twelve factors that can 

jeopardize the validity of experimental designs.  These factors specifically target internal 

validity and external validity in the form of asking if in fact the experimental treatment 

actually makes a difference in this specific experimental instance for internal validity as 

well as externally for generalizability.  

Generalizability for external validity questions the population, settings, treatment 

variables, and measurement variables.  The distinctions between internal and external 

validity should become clear within the experimental design (Campbell & Stanley, 1963).  

Of the twelve factors, eight classes of extraneous variables threaten internal validity.  

They are represented as the effects of history, maturation, testing, instrumentation, 

statistical regression, selection biases, experimental mortality, and selection-maturation 

interaction.  The factors that threaten external validity include the reactive or interaction 

effect of testing, the interactive effects of selection biases/experimental variable, the 

reactive effects of experimental arrangements, and the multiple-treatment interference.   

Any differences in class times, dates, or campus locations should not interfere 

with the dependent variable so as not to confound the independent variable, which was 

the testing method.  As this researcher also played the experimenter role due to the 

responsibility of classroom teaching and course redesign duties; there remained a 

potential threat to internal validity although measures were taken to reduce the impact as 

much as possible.  Even with the student groups arising from separate campuses, the 

educational institution serves students from a variety of backgrounds that are similar in 

demographics, socioeconomic status, and foundational educational content.   
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Utilizing a retrospective analysis of the collaborative and cooperative treatment(s) 

involved for the traditional versus the TS-C summative assessments was a way to 

minimize internal validity concerns.   

Human Subjects’ Protection 

To protect the rights of human subjects, institutional review board (IRB) approval 

was obtained from Texas Tech University.  This study received an administrative review 

and was classified as exempt from formal IRB review (Appendix F).  As this was a 

retrospective study that examined previously collected data that was de-identified, 

participants were not given notice of Informed Consent.   

Data Collection 

The source of data collection consisted of retrospectively analyzing exam scores 

from two exams taken within the same year from two separate semesters of 

undergraduate Human Anatomy and Physiology I (BIOL 2401) for three class sections.  

Exam scores were recorded in the online gradebook for the institutional LMS 

Blackboard™, then downloaded to an Excel spreadsheet for each course and semester for 

subsequent analysis.  Comparison of the selected items on the comprehensive final exam 

revealed 21 identical items and each student’s responses to the identical items were 

recorded in the Excel file.  The data collected from Exam 1 in the spring of 2016 was 

compared to the data collected in the fall of 2016 to determine whether any differences 

existed.  The data collected from the pretreatment exam (*), the pre-test exam (O1) and 

immediate posttest (O2) along with the final exam delayed posttest (O3) in the spring of 

2016 was compared to the data collected in the fall of 2016.   



Texas Tech University, Susan Coleman Burgoon, August 2017 

62 

The students’ exam scores and identical exam item responses for the 

comprehensive final exam for both semesters of the spring and fall of 2016 were placed 

into a de-identified research database while all documents verifying the exam scores exist 

in electronic and hard copy formats.  All documents involved in the study were and 

continue to be stored in a locked file cabinet in the researcher’s office and in a password-

protected electronic file.    

Data Analysis 

The data analysis sought to answer the research questions by comparing the group 

means from the exam scores to determine the probability that the corresponding 

population means were significantly different and if indeed, the use of a two-stage 

collaborative exam did make a difference on student learning and retention of knowledge 

in this gateway prerequisite course for admission into allied health, nursing, and STEM 

programs.    
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CHAPTER IV 

FINDINGS 

One goal in higher education is to increase student learning in gateway courses 

that lead to students’ acceptance into STEM and allied health programs.  Students enter 

these introductory gateway courses from a variety of backgrounds and are often 

unprepared for the rigors of content-driven coursework.  The practical goal of this study 

was to increase student learning in undergraduate Anatomy and Physiology I by 

implementing a collaborative testing method for the purpose of knowledge retention of 

challenging course content.  The research focused on exploring how student collaboration 

on a major exam influenced later performance on a comprehensive exam.   

Research Questions 

This project focused on exploring the long term effect of using a two-stage 

collaborative exam on learning in a gateway course for allied health programs, so the key 

research question was as follows.  Was there a significant difference in student 

performance on questions about muscles and metabolism in an end-of-course 

comprehensive exam between students who had taken (1) a two-stage collaborative exam 

on muscles and metabolism (hereafter referred to as the experimental group) versus (2) 

those who had taken the same exam only in the traditional, individual manner (hereafter 

referred to as the control group)? 

To amplify meaning to this primary question, three subsidiary questions were 

asked. 
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1. To collect evidence about whether the experimental and control groups 

were in some ways equivalent, since random assignment to treatment was 

not possible, this researcher asked whether there was a significant 

difference between the two groups in their performance on a beginning-of-

the-term “pretreatment” exam over knowledge of anatomical body planes, 

directions, and terminology?   

2. In order to learn whether the two groups performed comparably when 

taking a unit exam over muscles and metabolism in the customary 

individual manner, this researcher asked whether there was  a significant 

difference between the two groups in their performance on an individual 

exam on muscles and metabolism content.   

3. Finally, in order to find out whether the experimental group performed 

better when they took the same exam about muscles and metabolism a 

second time, but this time in cooperative pairs, this researcher asked 

whether there was a significant difference between the experimental 

group’s performance when they took the exam in the typical, individual 

manner versus when they took the exam cooperatively a second time with 

a partner. 

Preliminary Data Screening 

The exam scores used in each of the four research questions were analyzed for 

univariate normality and equality of variance. The scores met the assumption (p > .05) in 

each case except for the scores for the muscle and metabolism portion of final exam (F = 
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6.87, p < .05). Due to this violation of the homogeneity of variance assumption, Welch’s 

t-test was used to compare the experimental and control group means for the muscle and 

metabolism portion of the final exam.  Before further analysis, all sets of test scores used 

to answer the four research questions were analyzed for univariate normality.  Skewness 

and kurtosis both indicated the distributions were relatively normal (critical ratio < 2), 

and this finding was further supported using one-sample Kolmogorov-Smirnov tests 

(p > .05). 

The one-sample Kolmogorov-Smirnov test is a non-parametric goodness-of-fit 

measure to test whether the observations could have come from the normal distribution 

and is most often used to test for the assumption of univariate normality.  The 

Kolmogorov-Smirnov test is used to check the assumption of normality in Analysis of 

Variance (ANOVA) and is appropriate for this research project with the p value > .05, 

which indicates that the distribution of the sample is significantly different from the 

distribution of the comparison as shown in Table 1.  The test statistic essentially refers to 

the practice of standardizing the values from the sample data and indicates the amount of 

agreement between the sample data and the null hypothesis.  The Kolmogorov-Smirnov 

test works best for sample sizes less than 100, as in this case.   

Table 1: Assumption of Normality in ANOVA for the Pre-treatment Exam and Final Exam 
 

Exam N Mean SD 
Test 

Statistic 
p 

Pre-treatment 36 70.89 14.15 0.09 0.200 

Final Exam 36 63.76 12.85 0.14 0.086 
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Analysis of the Data 

Data from the pre-treatment, individual, collaborative, and final exam selected 

questions were collected and analyzed.  The preliminary question asked whether there 

was any significant difference in the student groups’ knowledge at the start of the 

semester prior to the two-stage collaboration method (TS-C) method.   

The pre-treatment unit exam that all students took in the span of a 16-week on-

campus course was used as a baseline for analysis before the TS-C method was 

implemented.  Due to the possibility of pre-existing differences between different class 

sections, the scores from the pre-treatment exam and the solo administration of the 

muscles and metabolism pre-test were compared to ensure the groups were relatively 

comparable in their existing knowledge of the topic and academic abilities.   

Research Question One 

Research questions were answered in sequence rather than hierarchically so that 

the first subsidiary research question asked whether there is a significant difference in the 

experimental and control groups’ initial knowledge and background of the course 

content?   

This first question queried whether the experimental and control groups were 

significantly different in their prerequisite knowledge of Human Anatomy and 

Physiology I before the two-stage collaboration (TS-C) method was implemented.   

Table 2:  Students' Pre-treatment Understanding of Anatomy & Physiology I 

Group 
Test 

Format 
N Mean S.D. Range t df p 

Experimental Individual 19 70.18 12.68 39-99 -0.31 34 .76 

Control Individual 17 71.68 15.99 47-99    



Texas Tech University, Susan Coleman Burgoon, August 2017 

67 

The experimental and control groups’ pre-treatment exam scores over anatomical 

body planes, directions, and terminology were compared by using an independent-

samples t-test to examine whether there was a difference between the groups at the 

beginning of the semester.  The independent-samples t-test did not show a significant 

difference in these exam scores between the two course sections (t(34) = 0.31, p = .76; 

Table 2); thus, it appears that in regard to the ideas tested by this exam there was no pre-

existing difference between the students at the beginning of the semester.   

Research Question Two 

The next research question asked whether there was a significant difference 

between the experimental and control groups’ scores on the muscles and metabolism unit 

exam taken in the traditional, individual manner.  

Table 3:  Students’ Understanding of Muscles and Metabolism as Measured by an Exam 

Taken Individually by All Students 

 

Group 
Test 

Format 
N Mean SD Range t df p 

Experimental Individual 19 62.81 9.18 34-92 -.33 34 .75 

Control Individual 17 64.02 12.83 44-93 
   

 

The independent samples t-test comparing the scores between sections on the 

muscles and metabolism pre-test examined whether there was a difference between the 

groups’ scores (t (34) = 0.33, p = .75; Table 3).  Thus, it appears that there was no 

significant difference between the scores on the muscles and metabolism exam taken 

individually for all students for the experimental group that collaborated and the control 

group that took the exam individually.   
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Research Question Three 

Does this method of using a two-stage collaborative (TS-C) exam make a 

significant difference in the experimental group’s knowledge of muscles and metabolism 

when tested in the traditional, individual manner versus subsequently taking the exam 

collaboratively in a gateway course such as undergraduate Human Anatomy and 

Physiology I?   

Table 4:  Experimental Group’s Knowledge of Muscles and Metabolism as Measured on 

an Exam Taken Individually and Then Collaboratively 

 

Test Format n M SD Range t df p 

Individual 19 62.81 9.18 0-95.3 -1.86 18 .08 

Collaborative 19 67.14 8.81 42-92 

 

There was no significant difference between the individual and collaborative 

administrations of the exam when compared using a dependent-samples t-test 

(t (18) = -1.86, p = .08; Table 4).   

Research Question Four 

Does this treatment of using a two-stage collaboration method (TS-C) on an exam 

over the topic of muscles and metabolism make a significant difference in students’ 

retention of knowledge as measured by the experimental and control groups’ scores on 

the final comprehensive exam in undergraduate Human Anatomy and Physiology I?  

Percentage scores from the muscles and metabolism content imported into the 

comprehensive final exam were analyzed.  This central research question looked for any 

significant difference in the experimental group’s performance on the final exam after 
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collaboration on the muscles and metabolism exam when compared to the control group 

who did not collaborate.   

This quasi-experimental research design focused upon the effect that the TS-C 

collaborative exam had on students as measured by the 21 muscles and metabolism 

questions imbedded into the comprehensive final exam, when the final exam was used as 

the delayed posttest (O3).  Scores for the 21 questions were converted to a percentage, as 

reflected in the range shown in the following table.  The scores from students that 

received the collaborative opportunity (O2) were compared to the scores for students that 

did not collaborate.  

Table 5:  Effect of Testing Method on Students’ Retention of Knowledge of Muscles and 

Metabolism on Delayed Post-test (O3) Final Exam  

 
Group n M SD Range F df p 

Experimental 19 68.67 9.03 45-90 6.97 26 .01 

Control 17 58.27 14.44 38-81 

 
 The final exam scores were compared using Welch’s t-test.  This test revealed that 

individuals who completed the muscles and metabolism both individually and then 

collaboratively performed better on the final exam (delayed post-test O3) compared to individuals 

who completed the muscles and metabolism exam only individually (F (26.29) = 6.97, p = .01; 

Table 5. 
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CHAPTER V 

DISCUSSION 

The following sections are included within Chapter five:  a) summary of findings, 

b) conclusions, c) limitations, and d) recommendations for further research.  An overview 

of the methodology is included in the summary of findings as are the findings.  Within 

the conclusions section are the data-derived inferences for the research questions and the 

recommendation sections provides discussion for the area of further research.   

Summary of Findings 

This research project questioned if there was 1) any significant difference in the 

groups’ prerequisite knowledge at the beginning of the course; 2) if there was any 

significant difference in the groups’ performance from the pre-test over muscles and 

metabolism; 3) if there was any significant difference in the experimental group’s 

performance when they took the exam individually, then subsequently collaboratively, 

and specifically; 4) if there was any significant difference between the groups’ delayed 

post-test scores to see if learning and retention of knowledge was enhanced by using a 

two-stage collaboration (TS-C) exam.  

The purpose of this study was to explore the effect of one TS-C exam on 

undergraduate students’ learning in a gateway course for allied health programs.  

Gateway courses such as Human Anatomy and Physiology I when used as a prerequisite 

for STEM, allied health, and nursing curricula have historically exhibited high drop 

and/or failure rates.  Within the framework of a supportive learning environment focused 

on being learner-centered, knowledge-centered, assessment-centered, and community-

centered; this study retrospectively analyzed scores from the pretest (O1), then the 
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immediate posttest (O2) scores implementing a two-stage collaboration (TS-C) method as 

compared to the control group’s scores without collaboration.   

The study used a collaborative testing method that allowed students to analyze, 

discuss, and derive their best answer on the second stage of a two-stage exam (O2), then 

the de-identified exam scores were analyzed quantitatively.  The exam scores from 

students on two campuses from a central institution of secondary education over the span 

of two 16-week long semesters in 2016 were used as the data sets.  The corresponding 

exams exhibited identical items for the source of data comparisons.  The final exam was 

represented as the delayed posttest (O3) containing 21 identical items from the O2 

immediate posttest of the muscles and metabolism exam content, which provided the 

focus for the research.  Overall means were calculated, along with the overall mean 

differences.   

Undergraduate-level Human Anatomy and Physiology I students majoring in 

nursing, allied health, and STEM programs provided the target population within two 

campuses in a medium-sized community college in the Texas panhandle.  Student exam 

scores from multiple class sections of undergraduate Human Anatomy and Physiology I 

taught by this researcher during the spring and fall of 2016 comprised the data sets.  All 

exam scores represent students enrolled in this researcher’s BIOL 2401 Human Anatomy 

and Physiology I during 2016 on the main campus as well as a satellite campus for the 

same institution.   

Upon verification of the assumptions of the t-test, the independent two samples t-

test was conducted on the students’ exam scores; by Welch’s t-test performed to compare 



Texas Tech University, Susan Coleman Burgoon, August 2017 

72 

the mean exam scores of the treatment group; the test scores of students who collaborated 

on Exam 3.  Also, the Kolmogorov-Smirnov test was performed for additional support 

for Welch’s ANOVA due to the small sample sizes and the violation of the assumption of 

homogeneity of variance.   

Measures were taken to reduce the threat to both internal and external validity 

within the research design.  This research project involving a small, localized, purposive 

sample from a medium-sized community college offering undergraduate level Human 

Anatomy and Physiology I may be generalized if and when a larger, randomly selected 

sample that is more representative for undergraduate Human Anatomy and Physiology I 

courses across the United States explores the possibility of using a two-stage 

collaborative exam and the effect upon learning and learning retention.   

Conclusions 

This research project sought to identify learning as measured by the exam scores 

on nearly identical units of study in corresponding undergraduate level Human Anatomy 

and Physiology I courses.  Analysis of the preliminary (pretreatment *) exam and pretest 

(O1) scores for both groups indicated that students did not have a significant difference in 

content knowledge or aptitude initially. Therefore, it is inferred that there was no pre-

existing difference in content knowledge or aptitude between the students in one section 

of the course who completed the two-stage independent TS-I (O1) exam individually and 

the students in the sections of the course who completed the two-stage collaborative 

TS-C (O2) exam with a randomly selected collaborative partner.   
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Score comparisons on the immediate posttest (O2) revealed no significant 

difference between student groups who completed it individually and those who 

collaborated (O2).  The control group performed comparably to the experimental group 

on the immediate posttest (O2).  While the scores from students who were provided an 

opportunity to collaborate on a single unit exam showed no significant difference 

between the first and second stages of the exam when using the TS-C method, they 

appeared to have learned from their mistakes by the time the comprehensive final exam 

(O3) was administered nearly a month later.   

This project also sought to identify the effect upon the comprehensive final exam 

(O3) score from the immediate posttest (O2) two-stage collaborative exam (TS-C).  The 

group that collaborated performed better collectively on the delayed posttest final exam 

(O3) than did students who completed their immediate post-test (O2) individually when 

both groups were exposed to the same immediate post-test (O2) exam initially.   

The collaboration process allowed students to increase their understanding of 

content material prior to the final exam and the method of using a TS-C exam provides 

students opportunities to learn during formative assessments, coupled with the added 

benefit to the final summative assessment.    

Students are apt to learn more and retain more knowledge if they are engaged in 

activities that both allow and require them to think critically and process concepts more 

fully such as when collaborating together with a peer.  This finding supports student 

collaboration as an opportunity to learn during formative assessments, although the 

benefit to the summative assessment (i.e., final exam) may be due to the indirect effects 
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of earlier testing (i.e., test-potentiated learning) as well as the direct effects of 

collaboration.  It still appears that the collaboration process provides an opportunity for 

students to learn from previous mistakes and retain knowledge and understanding of 

content covered and assessed prior to the summative final exam.   

Students who completed a collaborative exam earlier in the semester showed 

improved performance on the final exam compared to the students who only completed 

an individual exam earlier in the semester. While the quasi-experimental nature of the 

study adds potential confounds, it does not appear the 10-point difference on the final 

exam is solely due to pre-existing differences in aptitude or domain knowledge because 

there were no significant differences between the groups on earlier exams. 

This finding supports student collaboration as an opportunity to learn during 

formative assessments, although the benefit to the summative assessment (i.e., final 

exam) may be due to the indirect effects of earlier testing (i.e., test-potentiated learning) 

as well as the direct effects of collaboration.  The collaboration process provided an 

opportunity for students to advance their understanding of the material prior to the final 

exam.  To date, there has been no isolation of an indirect effect of retrieval practice on 

subsequent memory for a student from the direct effect(s) of retrieval practice on 

subsequent memory, which provides an opportunity for further research.  The effect of 

testing actually slows the process of forgetting and improves retrieval at a later date as 

exhibited by the results on the final exam by using the two-stage collaboration (TS-C) 

method.   
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The comparisons of exam scores were completed by using independent samples t-

test, Welch’s t-test, Welch’s ANOVA, and reinforced by using the one-sample 

Kolmogorov-Smirnov test because the final exam scores did not meet the homogeneity of 

variance assumption.  These comparisons of exam scores when students used the TS-C 

method of collaborating on one unit exam provide data that either (a) supports the null 

hypothesis or (b) rejects the null in favor of the alternative hypothesis.     

The two sections of the course appeared to have similar backgrounds and baseline 

content knowledge at the start of the semester according to the analysis.  The inferences 

obtained from the data analysis indicated that a statistically significant difference did not 

exist between both groups of students; indicating that that each campus had students that 

were similar in demographic background, educational ability, aptitude, and any pre-

existing content knowledge upon initial exposure to the course.  The mean exam scores 

of students who collaborated on one unit exam were compared with the previously 

existing individual testing method.   

Gains in learning and retention of content knowledge were measured by using the 

TS-C on one unit exam and its effect upon the final exam.  Students who collaborated 

performed better on the selected portions of the final exam (delayed posttest O3) than 

students who completed the immediate posttest (O2) individually, which supports the 

finding that two-stage collaborative exams do indeed offer gains in retention of content 

knowledge and that students do indeed know more, even if they score lower on the 

collaborative attempt than with their solo attempt on the same exam.  Feedback from a 

student who scored lower on the collaborative attempt but did well on the final exam as a 

result of the TS-C method is included in Appendix G.  The inferences obtained from the 
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data analysis indicates that a statistically significant difference does indeed exist between 

final exam scores (O3) of students who collaborated on the immediate posttest (O2) and 

those who did not.  Therefore the null hypothesis was rejected in favor of the alternative 

hypothesis.  

Overall, the data analyses conveys information showing that students who 

collaborate on one unit exam using the TS-C method perform better on the summative 

final exam, as evidenced by answering the selected content items over muscles and 

metabolism carried over from the immediate posttest (O2) onto the final exam when used 

as a delayed posttest (O3).  The analyses suggest that the use of two-stage collaborative 

exams is beneficial for improving exam scores in a gateway course such as undergraduate 

Human Anatomy and Physiology I for students who are applying for STEM, allied 

health, and nursing programs.   

Limitations 

This study was not intended to represent all instructional methods, instructors, or 

institutions that offer undergraduate level Human Anatomy and Physiology I courses and 

is only representative of a medium-sized institution of higher education in the 

Southwestern United States.  The sampling procedure was purposive and dealt solely 

with previously taught sections of undergraduate level Human Anatomy and Physiology I 

subject to state and local administrative mandates.  The experimental group was not 

informed of the opportunity to collaborate on the TS-C exam second stage until the actual 

collaboration event, so as to maintain equivalent preparatory time on task as with the 

control group.   
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Additionally, the muscles and metabolism content may not be generalized across 

different institutions because of the assumption that student performance on the TS-C 

exam is an accurate reflection of the students’ knowledge of muscles and metabolism.   

The TS-C collaboration on the muscles and metabolism exam could have allowed 

students a small difference in exposure time to the exam questions and reflection over 

content which could have offered the experimental group a slight advantage.  There could 

have also been some minor influences from changes in the administrative leadership of 

the institution, interpretation of instructional objectives, and management of outcomes 

assessments, from semester to semester.       

The extent to which this single, purposive, localized study may be generalized to 

a larger, randomly selected sample more representative of undergraduate Human 

Anatomy and Physiology I courses across the United States may threaten external 

validity.  Replicating this experiment is the ultimate confirmation for external validity; to 

repeat the same study with different subjects in hopes of obtaining the same results will 

validate the results.   

Internal validity refers to ways to minimize biases and effectively neutralize or 

account for situations that may influence the outcome or expectations of the 

experimentation.  Internal validity refers to how well an experiment is actually done to 

avoid confounding more than one variable acting at one time.  Internal validity contrasts 

with external validity; precautions taken to control the experimental design may also limit 

the external validity of the findings.   
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Recommendations for Future Research 

The recommendations for future research include:  (a) duplicating the study using 

a TS-C collaboration exam in another community college that offers Human Anatomy 

and Physiology I as a gateway course into allied health, nursing, and STEM programs in 

order to test the general applications of the study, and (b) extending the study into 

different courses with different instructors and students.  Additionally, modifying the 

study by eliminating the pretest event (O1) to ascertain if any difference upon the final 

exam score (O3) was due to test-potentiated learning from repeated exposure to the 

content or was in fact solely due to the collaborative event.   

Any further studies will provide another small clue to solving a dilemma in higher 

education; how to increase learning and learning retention in students who are striving to 

succeed in content-driven coursework.  Further studies can also reduce the risk of 

jeopardizing external validity by expanding the sample size and including more 

institutions of higher education.  Internal validity deals more specifically with 

methodology and procedures for sampling, assessments, and reliable measurements; to 

determine, if in fact, the experimental treatment does make a difference in learning when 

used in more institutions with more student data.   

As this study has examined undergraduate allied health, nursing, and STEM 

majors’ efforts in learning Human Anatomy and Physiology I, there are other topics and 

subjects within these educational programs that rely upon complex and complicated 

content that may benefit from a two-stage collaborative testing method.  With the 

collaborative TS-C testing method, students may achieve additional skills when learning 
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tough content-driven topics in a gateway course prior to admission to allied health, 

nursing, and STEM programs.  Additional research is desirable to corroborate the 

findings and possibly implement other uses and applications of the TS-C method on 

student learning and retention of content knowledge.     

Gateway courses are generally designated as those courses in which students need 

definite comprehension of the subject matter in order to be successful in completing their 

program of study.  Gateway courses are often the determinants for suitability for a 

particular major outside of any developmental courses.  Further research options include 

using a larger sample from a greater population of students enrolled in gateway courses 

for other degrees outside of STEM areas, and to possibly compare students enrolled in a 

traditional face-to-face course to distance education students and even with the fast-track 

8-week curriculum, such as may be found in summer terms.   

The implementation of two-stage collaborative exams encourages peer discussion, 

reflective thinking, and increased understanding of complicated course content by 

engaging students at pivotal moments when their receptiveness is at a peak.   

Best Practices for Implementation of TS-C Exams 

Best practice advice to practitioners who plan to implement two-stage 

collaboration exams (or quizzes) into their courses may find that small groups are most 

beneficial so that every student has input.  Setting up groups with randomized partners 

will avoid clique-type behaviors within cohorts, while allowing students to experience 

diversity, both cultural and academic, while creating new connections for study groups.  

Assessment questions may be multiple choice or short answer; essays are not 



Texas Tech University, Susan Coleman Burgoon, August 2017 

80 

recommended.   Thoughtful discussion guidelines may need to be provided to students so 

that they will derive a consensus instead of flipping a coin for their answer choice.  

Offering a single answer sheet or scantron to each collaboration group will help ensure 

that a consensus is reached.  Discussion over the correct answers after the completion of 

the collaborative exam will help maximize student learning.  Decide early on whether to 

use the two-stage collaboration (TS-C) method for one or more low-stake or high-stake 

quizzes or exams.  Additionally, asking for student feedback after the collaborative event 

may offer insights to the collaborative method, peer interactions, exam construction, and 

how scores are calculated.   
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APPENDICES 

Appendix A 

Vygotsky’s Zone of Proximal Development 

 

 

 

(Retrieved from:  http://www.brendanpauljacobs.com/glossary.htm) 
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Appendix B 

Collaborative Learning Environments 

 
(Retrieved from:  http://www.interiorsandsources.com/article-details/articleid/8563/title/ncidq-news-designing-learning-environments-

for-gasp-designers.aspx)



Texas Tech University, Susan Coleman Burgoon, August 2017 

89 

Appendix C 

Example of a COLLABORATION EVALUATION FORM 

 

[The form conveys to students the characteristics of effective discussion. It could be 

given to students before group discussion to help guide their participation, and used 

following discussion to evaluate the discussion.] 

 

Name:        Date: 

 

How much did you— 

 

learn from the group discussion  A. a lot  B. a little  C. nothing 

participate in the discussion   A. a lot  B. a little  C. not at all 

enjoy the discussion    A. a lot  B. a little  C. not at all 

 

How effective was the group in allocating time and getting work accomplished: 

 

A. very  B. somewhat   C. barely   D. not at all 

 

Incidence of Productive and Counterproductive Discussion Behavior‐ Check any you 

engaged in and circle any you observed in others. 

 

__ asked, gave information     __ monopolized discussion 

__ asked, gave reactions     __ called attention to self 

__ asked, answered questions    __ chronic interruptions 

__ restated ideas/points in articles    __ criticized others (put down) 

__ restated ideas/points of discussants   __ changed subject often 

__ asked for/gave examples     __ frequent irrelevant comments 

__ asked for/gave summary     __ withdrawn, did not participate 

__ asked for/gave evidence or support for ideas  __ apologetic 

__ redirected group to return to task    __ OTHER‐please specify: 

__ monitored time 

__ encouraged, supported other ideas 

__ elaborated on others' ideas    __ OTHER‐please specify 
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As a learning experience I would evaluate the discussion as 

 

A. poor  B. fair   C. average   D. good  E. excellent 

 

Give reasons for your rating. Be specific, give examples. 

 

 

 

 

What, if any, aspects of your own behavior do you need to change to be a more effective 

group member? 

 

 

 

 

 

What, if any, aspects of other group members' behavior need to change to enhance the 

group’s learning? 

 

 

 

 

 

What, if anything, did the instructor do that facilitated effective, whole‐class discussion? 

 

 

 

 

 

 

What, if anything, did the instructor do that inhibited effective, whole‐class discussion? 

 

 

 

 

 

 

What, if anything, should the instructor do or not do to improve the quality of whole‐
class discussion? 

 

(Cerbin, 2010)   
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Appendix D 

Texas Association of Community Colleges Data Overview 
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(Retrieved from:  http://www.tacc.org/pages/data-and-info) 
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Appendix E 

Sample Muscle Metabolism Exam Questions 

Athletes sometimes complain of oxygen debt, a condition that results when insufficient 

oxygen is available to completely break down pyruvic acid.  As a result, the pyruvic acid 

is converted to:  

A) stearic acid.  

B)  hydrochloric acid.    

C) a strong base.  

D)  lactic acid.  

 

The head of myosin attaches to actin to form a: 

A)  sarcomere    

B)  tropomyosin block    

C)  power stroke    

D)  cross-bridge   

E)  troponin 

  

The primary function of cellular respiration is to:  

A) efficiently monitor the energy needs of the body.   

B) provide the body with adequate amounts of vitamins and minerals.  

C) determine the amount of heat needed by the human body.  

D) generate ATP, which traps some of the chemical energy of food molecules in 

its high-energy bonds.  

 

What molecule is the common branch point for either the anaerobic or aerobic pathway?  

a. glucose  

b. lactic acid  

c. PGAL  

d. pyruvate  

 

Because skeletal muscle contractions demand large quantities of ATP, skeletal muscles 

have  

A. a rich nerve supply to ensure a rapid succession of action potentials.  

B. massive creatine phosphate reserves for long periods of sustained contractions. 

C. extra calcium reserves which can serve as fuel molecules during ATP 

synthesis.  

D.  adipose tissue between fibers to supply nutrients for ATP production.  

E.  many mitochondria and a rich blood supply. 

 

The sum of all of the biochemical processes going on within the human body at any given 

time is called  

A) glycolysis.     

B) anabolism.   

C) catabolism.   

D) oxidative phosphorylation.    

E) metabolism.  
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Interactions between actin and myosin filaments of the sarcomere are responsible for  

a. muscle fatigue.  

b. the conduction of neural stimulation to the muscle fiber.  

c. muscle contraction.  

d. muscle relaxation.  

e. the striped appearance of skeletal muscle.  

 

The skeletal muscle complex known as the triad consists of  

a. actin, myosin, and filaments.  

b. a transverse tubule and two terminal cisternae.  

c. filaments, myofibrils, and sarcomeres.  

d. A bands, H bands, and I bands.  

e. actin, myosin, and sarcomeres. 

 

During activities requiring aerobic endurance  

a. glycogen and glycolysis are the primary sources of reserve energy.  

b. oxygen debts are common.  

c. most of the muscle's energy is produced in mitochondria.  

d. fatigue occurs in a few minutes.  

e. oxygen is not required.  

 

The TCA cycle must turn ________ times to completely metabolize the pyruvic acid 

produced from one glucose molecule.  

A) 2    

B)  5     

C)  4     

D)  3     

E)  1  
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Appendix F 

IRB Approval 
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Appendix G 

Student Feedback 

 


