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Context

 The study took place within a bachelor’s-degree level 

program teaching the medical use of ultrasound for the 

examination of the human heart and vascular system and 

thus named cardiovascular sonography.

 The Cardiovascular Sonography degree program is offered 

at a private, not-for-profit university in the Southeastern 

United States, Nova Southeastern University (NSU).  The 

study was performed at the Tampa Regional Campus of 

NSU in 2016.

 The target population was the students enrolled in the 

health sciences degree program for Cardiovascular 

Sonography. 



Background

NSU’s Tampa Regional Campus. Cardiovascular Sonography 

students using the simulator in 

an “ad-hoc” mode in the lab.







Background

 Although the simulator was being used, it was in a ad-hoc 

manner without formal integration.

 Anecdotal observations indicated that simulator use was 

beneficial to the students’ ability to learn.

 However, it was felt that there was a need to formally 

define the educational benefits of the simulator.

 This would help to justify further expenditures on the 

existing simulator, and for future simulator purchases.

 Additionally, there was a desire for higher levels of 

resource utilization of the simulator.



The Problem

 The problem identified was the need to attain meaningful 

integration of simulator technology into the existing 

courses in echocardiography. 

 “We love it, but what is the best way to use it?”



Primary Research Goal

 Develop and add to the instructional design (ID) body of 
knowledge a working template for the successful 
integration of advanced simulation technology into a 
health care education curriculum.

 The developed instructional unit would integrate the use 
of the simulator within an existing course as guided by the 
principles of applied constructivism.

 Desirable to utilize established applied constructivist 
educational ID models. 

 This research goal was fully met.



Secondary Research Goal

 Determine if the formal integration of the simulator use in 

the class and lab was worth the time, effort, and expense 

of integration, as indicated by statistically significant 

positive learning outcomes.

 This goal was fully met with the determination that is was 

worth the effort to integrate the use of the simulator.



Literature Overview

 Simulation Use in Undergraduate and Healthcare 

Education

 Integration of Simulation into Healthcare Education 

Curriculum

 Instructional Design in Healthcare Education Using 

Simulation

 Constructivist Design in Education



Simulation Use in Undergraduate and 

Healthcare Education

 Critical factors for the successful use of simulators in undergraduate 

and healthcare education are:

 The student’s motivation to participate in simulator use

 The provision for adequate feedback by instructors

 The careful planning and integration of simulator use into the 

curriculum  

 These conclusions were shared among and by the authors of the 

literature analyzed in this area of inquiry (Motola et al., 2013; Nuzhat 

et al., 2014; Rutten et al., 2012; Wittels et al. 2012).



Integration of Simulation into 

Healthcare Education Curriculum

 Successful simulation integration requires: 

 Planning for debriefing time after simulator use

 Faculty members involved in simulation use need training, too 

 A strong emphasis on student preparation 

 An emphasis on the use of established educational practices in the 

ID, integration, and implementation of simulation use   

 These conclusions were shared among and by the authors of the 

literature analyzed in this area of inquiry (Arthur, et al., 2013; 

Masters, 2014; Wittels et al. 2012).



Instructional Design in Healthcare Education 

Using Simulation

 There is a relative lack of quality research on best-practices in ID for 

simulation use in healthcare education.

 The majority of research in this area is not based on a stated or even 

implied educational theory.

 The design of simulator use in curricula should be based on 

established ID and educational theory. 

 Work is needed to explore the most cost-effective combinations of ID 

features 

 These conclusions were shared among and by the authors of the 

literature analyzed in this area of inquiry (Chiniara, et al., 2013, 

Cook, et al., 2013; Nestel, Groom, Eikeland-Husebø, and O'Donnell 

(2011); Schaefer, et al., 2011).



Constructivist Design in Education

 Constructivist based educational units can result in high levels of 

learner motivation, increased involvement, and satisfaction.

 Highly effective constructivist techniques include scaffolding, 

individualized learning, active learning and participation, group 

learning, contextually valid learning, and self-reflection. 

 Constructivist approaches are effective but potentially more time-

consuming than other approaches for the novice learner.

 These conclusions were shared among and by the authors of the 

literature analyzed in this area of inquiry (Adamson, 2010; Garcia and 

Pacheco, 2013; Schunk, 2012; Vogel‐Walcutt, Gebrim, Bowers, Carper, 

and Nicholson, 2011).



Synopsis of Literature Review

 Themes:

 Integration is critical.

 Successful integration requires careful planning 

and preparation of both students and faculty.

The need for strong ID and educational theory 

foundations.

Constructivism is an excellent part of that 

foundation.



Methodology

 The study was a randomized, controlled experimental 

design with parametric quantitative statistical analysis of 

results.

 Instruments used included: 

 A standardized clinical assessment tool based upon the 

performance guidelines of the American Society of 

Echocardiography (ASE) and used by the program for the 

past four years.

 A standardized assessment tool for simulator and clinical 

performance of transesophageal ultrasound examination 

skills, developed by Dr. Julian Bick of Vanderbilt University 

(Bick, et al., 2013) and used in multiple studies, was 

modified and used as the basis for a tool to assesses trans-

thoracic performance.



Methodology – The Experimental 

Educational Unit

 A combination of two constructivist-based ID development 

models was used; Jonassen’s (1999) PC3 development 

model, and the R2D2 development model of Colón et al., 

(2000).  

 PC3 = Cognitive tools (C1) Conversation (C2) Collaboration 

(C3) in support of learning about the Problem

 R2D2 = Recursion and Reflection (R2), iterative 

Development and participatory Design (D2) 



Methodology – The Experimental 

Educational Unit

 Both models have been used extensively in learning 

situations, contexts, and environments similar to those of 

this investigation.

 Both models generate beneficial effects on learning 

outcomes, are proven ID models.  

 Combined both to develop the experimental educational 

unit, as both bring different yet complementary and 

desirable constructivist design aspects to address the ID 

development needs.



Methodology – The Experimental 

Educational Unit

 This resulted in a new and powerful ID template utilizing 

applied constructivist techniques.

 The resulting experimental lesson plans include an original 

comprehensive version (Yoders, 2014) and a revised, 

focused version as used in this research.

 Applied constructivist techniques were used throughout 

both templates, e.g. scaffolding, situational learning, 

social learning, learner self-guidance.



Methodology – The Experimental Design

 A Switching Replications experimental design was used (Trochim & 

Donnelly, 2008, p. 234) 

 Participants are randomly assigned to an initial control group and an 

initial experimental group, with three waves of assessment used.

 The control and experimental groups both receive a pre-test then 

receive the treatment or not depending on the group in the first round 

of the experiment, followed by post-testing.  

 Then the groups essentially switch roles, and a replication of the 

treatment occurs with what was previously the control group now 

another experimental group, with the previous experimental group 

now inactive. 

 A final post-test is performed after the second round of experiment.

 In this study an additional, clinical assessment was performed.



Methodology – The Experimental Design

The Switching Replications experimental design:

R1 O X O O O2

R2 O O X O O2

Key: Rx = randomly assigned group, O = observation or test, X = treatment, O2 = secondary observation or test 



Methodology – The Experimental Design

 The Switching Replications experimental design: 

 Effectively doubles the data available for analysis.

 Since all participants in both groups eventually receive the 

treatment and are both pre- and post-tested, a second set of 

before-and-after treatment scores is available. 

 Controls for potentially powerful social threats to internal validity, 

such as compensatory rivalry, resentful demoralization, and 

diffusion or imitation of treatment (Trochim & Donnelly, 2008, p. 

234). 

 Since all participants receive any possible benefits of the 

treatment the switching replications experimental design 

alleviates ethical concerns over fairness, or withholding of 

treatment issues.



Methodology - Implementation

 Subject matter experts included Dr. Stan Timofeev and Professor 

Bruce Martin, who participated in discussion of the ID phase as well as 

assistance in the implementation phase of the study, e.g. scaffolding 

support for participants.

 After baseline pre-test, the initial experimental group participants 

signed up for two 1-hour-long sessions or four 30-minute sessions with 

the simulator per week, for 4 weeks.

 After the first 4-week round of the experiment and Round One of 

assessment, the process was repeated with the former control group 

now performing the experimental instructional unit per the switching 

replications design, for the next 4 weeks.



Methodology - Implementation

 Scaffolding support was provided for the learners by SME’s. Additional  

resources included online Tegrity and .ppt tutorials, content-specific 

help within the simulator, “cheat sheets” on the use of the simulator, 

and the TTE assessment tool itself.

 End-of-session debriefs were performed, especially early in each of 

the experimental phases, satisfying Reflection. 

 Contextual Learning was satisfied by the setting of the simulator, in 

the dedicated learning lab.

 The learners were allowed the flexibility to use the simulator to 

explore the six required views and anatomy to be assessed at their 

discretion; this worked to satisfy the constructivist concepts of 

Learner Self-guidance and Learner Involvement.

 Social Learning and Reflection via self-assessment and group learning 

opportunities were provided through the learner blog and discussion 

boards hosted on the online portion of the course in Blackboard. 



Results

 Statistically significant positive improvements in the 

educational outcomes of participants were seen when 

measuring the participant’s knowledge and application of: 

 Heart anatomical structures 

 The six basic views used during initial examination of the 

heart with ultrasound. 



Results

 Correlation analysis of simulation-based performances  

(scores and time) versus standardized clinical 

performance assessments was performed.

 Only mild positive correlations were found between 

performance on the simulator compared to performance 

in an actual clinical setting (please see Appendix L of the 

report for details).

 This was contrary to initial expectations.



Results

 Quantitative comparisons of standardized outcome scores and 
time performances within and between the experimental 
Groups were performed (please see Appendix H, I, and J of the 
report for details).

 Normality of data was satisfied at each comparison step via all 
three normality of distribution testing methods:

 Numerical (skewness, kurtosis)

 Statistical (Shapiro-Wilk)

 Visual (Histogram, Normal Q-Q Plot)

 With normality of distribution satisfied parametric statistical 
analysis may be used (Park, 2008; Terrell, 2012).



Results

 Using the independent sample t-test for between-Group comparisons: 

 There was no significant difference in baseline assessment (pre-test) 
scores between Groups; t (16) = -0.218, p = .830 at a = .05 with a 
very small Cohen’s delta (effect size) of d = .102

 Round One testing revealed statistically significant higher scores for 
Group I (initial experimental) versus Group II (initial control); t (15) = 
3.469, p = .0015 at a = .05 with a very large effect size of d = 1.68 

 Round Two testing revealed no statistically significant difference in 
scores between Groups; t (15) = -1.742, p = .102 at a = .05 with a 
large effect size of d = .846 (due to difference between group means)

 There was no significant difference in time to complete all views in 
Round Two testing, between Groups; t (15) = -.557, p = .586 at a = .05 
with a small effect size of d = .273

 These results matched expectations for assessment between-Group 
comparisons, and followed the converge-diverge-reconverge pattern 
inherent to the Switching Replications experimental design.



Results

 Mean Scores by Group and Assessment Round displaying the converge-diverge-

reconverge pattern 



Results

 Using the dependent sample t-test for within-Group comparisons after Round 
Two of assessment (please see Appendix J of the report): 

 There was a significant positive average difference between baseline and Round Two 
assessment scores for Group I participants (t7 = 10.333, p = 0.000).  On average, Round 
Two scores were 15.00 points higher than baseline scores for Group I participants (95% CI 
[11.56, 18.43]).  A huge effect size of d = 3.65 was seen.

 There was a significant negative average difference between Round One and Round Two 
assessment scores for Group I participants (t7 = -2.496, p = 0.0205).  On average, Round 
Two scores were -4.50 points lower than Round One scores for Group I participants (95% 
CI [-8.76, -.237]).  A large effect size of d = 0.88 was seen. 

 There was a significant positive average difference between baseline scores and Round Two 
assessment scores for Group II participants (t8 = 11.385, p = 0.000). On average, Round Two 
scores were 19.11 points higher than baseline scores for Group II participants (95% CI [15.24, 
22.98]).  A huge effect size of d = 3.79 was seen.

 There was a significant positive average difference between Round One and Round Two 
assessment scores for Group II participants (t8 = 4.730, p = 0.001).  A very large effect size of d 
= 1.58 was seen.  On average, Round Two scores were 11.67 points higher than Round One 
scores for Group II participants (95% CI [5.97, 17.35]). 

 These results matched expectations for within-Group comparisons, with 
the exception of the degradation in performance of Group I scores in 
Round Two of assessment.



Results

 The strongest (yet still mild) positive correlations were seen in the various 

anatomical or view-related performance criteria; example of combined 

performance score on the simulator vs. clinical practicum score, with a 

Pearson r = .185:



Results
 The weakest or even negative correlations seen were in the various time-to-

perform assessment criteria; example of time-to-complete all views on the 

simulator vs. time-to-complete all views in clinical, with a Pearson r = -0.022. 



Conclusions: Research Question One

 What is the current state of the literature regarding the 
integration of simulation into existing curricula, including best-
practices and identified gaps in the research regarding such 
implementations?

 This question was positively answered via the literature review, 
which  identified examples of and the importance of integration 
via:

 The application of established ID and educational theory 

 The use of applied constructivist learning theory to develop 
instructional units

 The use of simulator technology in healthcare curricula 



Research Question One, cont.

 What is the current state of the literature regarding the 

integration of simulation into existing curricula, including best-

practices and identified gaps in the research regarding such 

implementations?

 Gaps were identified as:

 A lack of rigorous empirical research on the effectiveness of 

simulation use in health care education

 A lack of research into effective ID for health care education 

 The need for research on simulator use for allied-health 

education, versus physician or nursing.



Conclusions: Research Question Two

 What are the foundations of the proposed experimental 

educational unit from both a learning theory and ID theory 

standpoint, and the applicable ID methods to be used to design 

and develop the instructional unit?

 Concurrent to the literature review, the discovery and analysis 

of instances of applied constructivist learning theory and of 

selected examples of ID took place.  

 The blending of the constructivist features of both of the 

selected ID models of Jonassen (1999) and Colón et al., (2000) 

into a new and powerful construct, resulted in a positive 

answer to research question two. 



Conclusions: Research Question Three

 What are the resulting effects on learning outcomes that can be 

attributed to the experimental unit, as analyzed by 

quantitative methods?

 Positive findings of statistically significant improvements in 

educational outcomes as measured by standardized assessments 

of cardiac anatomy and echocardiographic views, answered 

research question three strongly in the affirmative. 



Conclusions: Research Question Four

 What evidence is found supporting the existence of knowledge 

transfer from simulator skills to clinical skills?

 The mild positive correlations found for simulator performance 

to clinical performance positively answered supported research 

question four in the affirmative, though only weakly.



Conclusions and Implications

 The use of the Switching Replications experimental design was a complete 
success, seeming to appeal to the concept of “fairness” amongst the learners 
and controlling for social threats to internal validity.

 The experimental educational unit was also a success; though implemented in 
a reduced format compared to the original lesson plan conception, it provided 
an effective  structured framework using applied constructivist methods for 
the formal integration of the use of the simulator, the main goal of the 
research. 

 The simulator used was an excellent tool for the participants to learn the 
anatomy of the heart and to recognize, identify, and acquire anatomical 
structure and ultrasound views of the heart.

 The unexpected results of only weak correlation between simulator 
performance and actual clinical performance may stem in part from the user 
interface (UI) and realism level (breathing, imaging difficulty) of the 
simulator.



Conclusions and Implications

 Photograph of the UI of an Actual Ultrasound Imaging Machine (as seen in 

Appendix M of the report).



Conclusions and Implications

 Photograph of the UI for the simulator (as seen in Appendix N of the report).

 Physical UI:



Conclusions and Implications

 Photograph of the UI for the simulator (as seen in Appendix N of the report).

 Virtual UI on-screen controls:



Conclusions and Implications

 Photograph of the UI for the simulator (as seen in Appendix N of the report).

 Virtual UI in closeup:



Good Practice and Lessons Learned

Researchers in educational or clinical settings considering a randomized, 

controlled trial where the groups cannot be socially isolated, would be well-

served to consider the use of the Switching Replications experimental 

design: 

 Allows all participants to eventually receive any benefit of the 

intervention. 

 Clear communication of the structure of the experiment to all potential 

participants is needed; such explanations appeal to participants’ sense of 

fairness and allow the design control for social threats to internal validity.

 Additionally, with both randomized groups performing the intervention 

outcome data is double that of a simpler randomized controlled design.

 More data available may lead to more-generalizable and useful results. 



Good Practice and Lessons Learned

Recommendations for fellow educators who may wish to use the lesson plans 

as an ID template for their own research or actual incorporation of 

simulation technology into courses:

 Care should be taken to choose the constructivist features that can be 

actively assessed and incorporated into the grading structure of the 

host course.  

 The lesson plan should be organized around a solid core of scaffolding 

support for their students; scaffolding provided a framework for the 

building of knowledge, the exploration of concepts, and the 

engagement of learners.

 Complementary constructivist activities for social and reflective 

learning;  blogs, discussion boards, discovery learning activities, etc. 

should be used, but with a realistic outlook in that if they are not 

actively assessed, the learners may deem them not worth the effort 

and time required.  



Takeaways

 The Experimental Design – Switching replications

 The Instructional Design – 3-week lesson plan
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