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Abstract: Background and Purpose. Clinical reasoning development related to neurologic
physical therapist practice in entry-level physical therapist students is essential to ensure optimal
patient outcomes. Constructivist teaching methods, such as mind, concept, or argument mapping,
may enable students in their reasoning processes. Case Description. Students were instructed on
using a graphic organizer tool that integrated mind, concept, and argument mapping, designed to
improve clinical reasoning and knowledge retention. The instrument was incorporated as a
component of Movement Disorders, a course designed to transition students from basic
neurological sciences to clinical science coursework. Outcomes. In this case study of one cohort
(n=20), students rated the usefulness of mind maps on a five-point Likert scale with the question
“The use of mind maps as a tool to integrate information presented throughout the semester was
helpful” as part of an instructor-developed course evaluation. The mean score was 4.2 (SD=0.7).
Discussion. This case study demonstrates one possible way to incorporate graphic organizers
along with mind or concept mapping into a clinical reasoning tool within a physical therapy
program. The students in one DPT cohort found this tool helpful for their learning.
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Neurologic physical therapist practice is complex due to the need to incorporate multiple
sources of information from the patient, environment, and task. This complexity requires the
physical therapist to have a systematic method of clinical reasoning that comprises their
professional knowledge and psychomotor skills, reflection in and on action, and the ability to
manage the complex process (I. Edwards et al., 2004; Quintana et al., 2004). As entry-level
physical therapist students gain knowledge of patient conditions and the clinical reasoning process
in neurologic physical therapy practice in the didactic classroom, they are often challenged with
managing the reasoning process. More specifically, physical therapist students are challenged with
organizing information in a way that helps them create linkages from their prior and developing
knowledge base to the patient's condition, evaluation, examination, and intervention so that they
can choose the most appropriate tests and measures and intervention techniques (Gilliland &
Wainwright, 2017; Rothstein et al., 2003). Therefore, the purpose of this case study is to describe
a methodology called “Four Squares to a Plan of Care (42POC)”, an instructor developed tool,
that teaches students to reason clinically for neurologic physical therapist practice that employs
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the concepts of concept mapping, mind mapping, and argument mapping using established clinical
reasoning models.

LITERATURE REVIEW

There were three constructs considered within the formulation of this teaching
methodology. The first concept is clinical reasoning and the clinical reasoning strategies utilized
within neurologic physical therapist practice (Bello-Haas, 2002; Resnik & Allen, 2007). Secondly,
the socially mediated nature of clinical reasoning and how methods like social constructivism may
support learning clinical reasoning processes are also discussed (Mahn, 1999). The third construct
discussed is concept mapping, mind mapping, and argument mapping (Davies, 2011), and how
each provides structure to the reasoning process. Each of these will be discussed subsequently.

CLINICAL REASONING

PT students and practitioners must develop the capability to exercise clinical reasoning, a
broad construct that encompasses multiple dimensions and has multiple definitional constructs.
The physical therapy literature defines clinical reasoning as the cognitive processes and knowledge
to formulate clinical decisions (Gilliland & Wainwright, 2017; Huhn et al., 2019). Other
definitions of the clinical reasoning construct may also encompass the process of reaching clinical
decisions based upon collected data, the cognitive process of deliberation about an appropriate
course of action within a specified clinical context, the process of reflecting on the action and in
action during the diagnostic process, and the strategies utilized with conditional or narrative
reasoning that encompasses management of patient care based upon the physical therapist’s
knowledge, patient goals, patient belief systems, and professional judgment (Smith, 2018).

Within neurologic clinical practice, these definitions translate into practice. However,
some reasoning systems utilize the International Classification of Function and Disability Model
(World Health Organization, 1980, 2010) to frame diagnostic reasoning and the concepts of
prevention, restoration, or compensation (Bello-Haas, 2002) when considering interventions for
patient care.

CONSTRUCTIVISM AND GRAPHIC ORGANIZERS

Because of the complex nature of how clinical reasoning has been constructed in
neurologic physical therapy practice, specific educational methods may be more suited to teach
physical therapist students the process of reasoning through a clinical problem. One way to think
about teaching this process is to consider that clinical reasoning is a socially mediated process that
requires interaction between previous information from lived experience or previous didactic
details, new information from the patient and/or classroom, and data management (Quintana et al.,
2004; Rothstein et al., 2003). Therefore, social constructivism, which constructs learning between
the learner's experiences and the patient or patient case and derives data from these individual
perspectives (Mahn, 1999) is an ideal framework when teaching clinical reasoning. Further
fostered by the framework is an understanding of how knowledge, provided at an appropriate time,
permits learners to progress from initial, limited engagement in complex modes of problem-
solving into different ways of thinking that allow more complex problem-solving (Mahn, 1999;
Smith, 2018; Verenikina, 2003) which is required as learners develop expertise in clinical
reasoning.
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By using a social constructivist approach with learners, learners may progress in their
ability to connect new knowledge to prior knowledge, justify their reasons for clinical decisions
and the interventions they chose, and better manage the process of clinical reasoning by ensuring
that the person, task, and environment are represented in their thought process. These elements of
clinical reasoning are described in Commission on Accreditation in Physical Therapy Education
(CAPTE) 7B (Accreditation Handbook, n.d.) and, therefore, are essential for programs to consider
teaching methods that help students gain mastery before entry into full-time clinical experiences.

Constructivist methods that incorporate graphic organizers, like mind maps, have
demonstrated the potential to improve student learning, however, also may contribute to decreased
depth of understanding (Colliot & Jamet, 2021). Graphic organizers have further been described
as tools that help students scaffold material presented into one image (Colliot & Jamet, 2021).
Graphic organizers may employ mind mapping, concept mapping, or argument mapping and may
be ideal for learners to develop their reasoning abilities using andragogical techniques (Record,
2015). These methods are ideal because they make the student recall information, perform
elaborative reasoning, and reflect on the rationales for their choices (Davies, 2011), all skills
required for clinical reasoning.

Mind mapping is an instructional method that allows learners to diagram their knowledge
using information from several sources (S. Edwards & Cooper, 2010), which has shown promise
in physical therapist education. However, the evidence is limited (Zipp et al., 2009, 2015). Mind
mapping allows learners to create associations between information (Davies, 2011). This skill is
needed when students clinically reason because they must associate subjective data with objective
data to formulate diagnostic hypotheses (Rothstein et al., 2003). Argument mapping involves
students making conjectures and defending them with support (Davies, 2011). The ability to
defend a rationale is necessary for clinical reasoning because, in doing so, the student has to apply
evidence and knowledge to the reasoning process to substantiate their clinical decision-making.
Finally, concept mapping assists students in understanding the relationship or association between
concepts (Davies, 2011). This mapping type can help students clinically reason when they have to
understand the impact of multiple systems on the condition or conditions. When these mapping
types are combined, they allow the student to construct their knowledge to support their reasoning
process by increasing their ability to retrieve information and use it situationally, skills essential
for the classroom, clinic, and licensure exam.

CASE DESCRIPTION

The 42POC tool was developed by these authors in part to help students struggling to pass
their comprehensive exam. One author, at the time of development, was a novice at mapping
instruction while the other was an expert. After the original tool was used to help students prepare
for the comprehensive exam, the tool was modified by these authors into a version that could be
used throughout the curriculum. The overall goal for the 42POC was to develop a tool that students
could use throughout their time in the program. Further, this tool would ideally be usable in both
clinical and didactic environments and would help students prepare for the licensure exam as well.
The tool was developed so that learners could organize information into four different areas
pertinent to clinical reasoning: common subjective/past medical history, expected clinical
presentation, relevant objective tests and measures, and evidence-based interventions. Students
then have the autonomy to incorporate mind or concept maps into the four areas throughout the
organizational process of clinical reasoning and may use a variety of strategies to accomplish this

Educational Researcher: Theory & Practice, Volume 36, Issue 2, ISSN 2637-8965



66
Garner, L. & Smith, N.

task. In Figure 1, which uses the Mind-Meister web-based platform (MeisterLabs, n.d.) within the
42POC model, the instructor has placed a description of the different types of stroke syndromes
in the expected clinical presentation box, has efficiently organized medications in the medical
history box, and has used the Bello Haas reasoning framework (Bello-Haas, 2002) to describe
interventions that could be performed. Overall, the instructor-developed version of 42POC offers
learners structure through the set boxes (subjective, expected presentation, tests/measures,
interventions) but also autonomy because they can choose how to present data in the squares on
the tool.

STUDENT INSTRUCTION IN LEARNING TOOL

Students enrolled in a two credit, ten week, Movement Disorders course within an entry-
level doctor of physical therapy program were instructed to integrate information taught
throughout the semester and in previous neurologic coursework into a cohesive learning tool,
42POC (Figure 1). Students were instructed how to use the 42POC tool by the course instructor,
who was one of the tool designers. The students and instructor then used time in class to review
the material taught throughout the course to fill in the tool. Maps were created for topics such as
stroke, Parkinson Disease, brain injury, and vestibular diagnoses. This was done to help students
review for their final exam and to prepare them to integrate this material into the neurologic clinical
coursework that follows in the curriculum. To these writers' knowledge, these students had
minimal background knowledge in how to use graphic organizers or mind map type tools.
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Importantly, students in the Movement Disorders class only completed components of the
map because the Movement Disorder course is focused on pathology and clinical presentation of
different neurologic diagnoses and conditions. Basic motor learning principles were also reviewed
in this course. Therefore, students in this class completed the past medical history box, the expected
presentation box, some of the relevant tests and measures, and interventions related to motor
learning methodology. The tool was designed such that it could then be used in neurologic clinical
coursework to review previously learned material expediently and add additional diagnosis
specific tests and measures and interventions fluidly.

DATA COLLECTION AND ANALYSIS

Students completing the course were given an anonymized, instructor-created course
evaluation tool that contained two questions pertinent to mind mapping. These questions were a
five point Likert scale question: The use of mind maps as a tool to integrate information presented
throughout the semester was helpful and a qualitative question; please list one thing that helped
facilitate your learning in this course. Before data analysis, retrospective IRB approval was
received (IRB#19-0141). The quantitative question was analyzed using descriptive statistics, and
the qualitative question was analyzed using a thematic analysis approach, where data were initially
coded into small representative units, these units were collapsed into axial codes, and then themes
were developed. Each researcher independently coded the data and then met for a peer debriefing
session to ensure coding accuracy and ensure the trustworthiness of the theme derived from student
comments.

OUTCOMES

Twenty out of twenty-nine students enrolled in the Movement Disorders class within an
entry-level doctor of physical therapy program completed the course evaluation. This class
consisted of thirteen males and sixteen females. Demographic data cannot be further differentiated
due to the anonymized nature of data collection. The mean score for the mind map question was
4.24 (SD=.70) (Between Strongly Agree and Agree). Qualitative data analysis revealed a
consistent theme of Mind maps helping facilitate learning. Thirteen different student statements
support this theme. For example, student one stated, “The mind maps were excellent, I laminated
mine to keep and re-use for boards exams and comps.” Providing further support, Student two
stated, “Mind maps helped consolidate the information regarding different pathologies.” This
theme was further supported by student three when they said, “I really liked the mind maps, [I]
just had to be prepared ahead of time to discuss. Finally, this was supported by student 4, when
they relayed, with an asterisk, “mind maps are helpful but are not my typical learning style.”
During peer debriefing, researchers agreed 100% on the theme developed.

DISCUSSION
The results of this case study indicate that most students within the neurologic curriculum
found the use of 42POC helpful. This feeling of helpfulness is essential because when individuals
feel a tool is helpful, it may intrinsically motivate them toward learning. Research demonstrates
that when learners are intrinsically motivated to engage in a learning task, they are likelier to
continue the behavior (Cook & Artino, 2016). The 42POC diagram offers learners autonomy in
diagramming information and a supportive environment to assimilate complex information, which
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also supports internalized motivation (Cook & Artino, 2016). Providing autonomy with external
support may help scaffold the learning task in a way that promotes learning, thereby aiding faculty
to support students' learning process.

Faculty in physical therapy programs are challenged with helping students from diverse
backgrounds integrate and consolidate large amounts of information for exams and clinical
practice. Tools like 42POC help students scaffold associating and consolidating their knowledge
from multiple sources, primarily supported by the Student two statement. It is well documented
that adults learn best when they can scaffold information with previously learned factual
knowledge and previous life experience (D’Antoni & Zipp, 2006; Forrest & Peterson, 2006).
While 42POC does not intrinsically request students to use previous life experience, it does give
students a guidepost reference to associate new clinically-based learning with classroom-based
learning. For example, a student with clinical experience might be able to apply interventions and
special tests noted in their document for a patient with a middle cerebral artery stroke. The tool
can help remind students of best practices and differential diagnosis while also helping them
solidify classroom knowledge.

SUGGESTIONS FOR OPTIMAL IMPLEMENTATION

In this case study, 42POC was successfully incorporated into a course that transitions
entry-level DPT students from basic science neurologic coursework to clinical neurologic
coursework, which was helpful and easily integrated by students. However, some suggestions
would make implementing this tool more efficient and valuable. For this model to be used
appropriately within a curriculum, faculty must understand how curricular knowledge is imparted
within their program. Once a faculty member understands how information is scaffolded, faculty
from different professional backgrounds, such as musculoskeletal and cardiopulmonary, can use
this tool. For example, in musculoskeletal, a similar approach can be taken. If a student wanted
to create a 42POC for the shoulder, the student could begin in the top left box by making a diagram
that conveys common subjective complaints or historical presentation (e.g., a 40-year-old or older
person with diabetes may be predisposed to adhesive capsulitis). The bottom left box could contain
findings expected for different orthopedic diagnoses with similar presentations, such as rotator
cuff tear or impingement syndrome. The top right box can include differential diagnosis and related
clinical practice guidelines, and the bottom right box can consist of evidence-based interventions.

Further, faculty and clinical instructors can teach students how to reason between the
boxes. For example, frequently, clinicians consider medical comorbidities, such as arthritis and
hypertension, along with previous physical activity levels when prescribing dosage and activity
type (walking vs biking) to a patient. They also may consider their balance score (e.g., Berg
Balance Test score) or endurance test (e.g., six minute walk test score). This diagram offers faculty
a way to help students start to reason in the classroom and provides a framework easily translatable
to the clinic.

CAPTE REQUIREMENTS

Finally, developing 42POC as an assignment may serve as consistent programmatic
evidence that items 7b and 7d are being partially fulfilled. Item 7b requires programs to include
evidence of clinical reasoning and evidence-based practice. Item 7d6 requires programs to provide
evidence that students can complete all evaluation components, including subjective, systems
review, special tests, and item 7d11 plan of care development (Accreditation Handbook, n.d.).
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LIMITATIONS AND FUTURE DIRECTIONS

This study has limitations. The sample group in this case study is limited to one cohort
over one semester and, therefore does not offer any insight into how effective 42POC is at
knowledge retention or the development of clinical reasoning skills. Further, the results cannot be
applied to a broader group of students based on the results of this one case study. Finally, the
ability of faculty from different professional backgrounds (e.g. musculoskeletal, neurologic,
cardiopulm) to integrate this across a curriculum has not yet been assessed and warrants
investigation.

CONCLUSIONS

The 42POC tool allows faculty to incorporate mind and concept mapping into a basic
clinical reasoning framework. Overall, students found this tool helpful. Further, it offers faculty a
device that may provide evidence of CAPTE compliance with information scaffolding of
knowledge, clinical reasoning, and plan of care development. Further research is needed to
establish the efficacy of this learning tool.
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