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Introduction

The purpose of this article is to report on the proceedings from the Research Design Plenary
Session from the IV STEP 2016 Conference on Prevention, Prediction, Plasticity, and
Participation. The Academies of Pediatric and Neurologic Physical Therapy recognize that
research in the field of rehabilitation would benefit from using a greater breadth of research
designs and invited the authors to present three types of research designs that could advance
rehabilitation science: 1) single-case, 2) observational, and 1) qualitative.

As the profession of physical therapy engages in evidence-based practice, a medical research
model with a focus on randomized controlled trials (RCTs) has been supported to justify and
understand the cost and impact of interventions.! In the common hierarchy of research
designs, RCTs and meta-analyses of RCTSs, are at the top of a pyramidal structure,
suggesting they are superior to the designs below in the structure or to designs that are not in
the structure (Figure 1).2:3

Although RCTs can be useful for answering many questions in rehabilitation especially
related to pharmaceutical trials, there are other research questions that can best be answered
using less common research methods and designs. Publications have increased for
disciplines outside of health sciences such as education and psychology that use these less
common designs. Federal funding agencies like the Institute of Education Sciences (U.S.
Department of Education) have an objective to support the development of improved
statistical analysis techniques for these less commonly used methods, recognizing their value
in helping us understand how to best optimize therapeutic outcomes. Measures to report and
evaluate the quality of research using these designs have been developed.4-6
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We define single-case, observational, and qualitative research designs and describe the
utilization of these designs in order to inform researchers and clinicians in rehabilitation
science professions. Table 1 lists recommended readings.

Single-case Research Designs

Single-case research designs (SCDs; single-subject, single-participant, n=1, intra-subject
designs) include the repeated observation of outcomes (dependent variables) across time
under different levels of at least one intervention (manipulated independent variable.” These
studies include phases that can vary in length from minutes to months or longer during
which the intervention condition manipulated. Repeated measurements occur throughout
each phase and at least one of the phases is a baseline. Case studies and case series are not
examples of SCDs because they do not typically involve controls for the levels of
intervention across time.8: 9

SCDs should involve more than one participant to improve external validity, the ability to
generalize the results to a larger population.8: 2 For this reason, statisticians and
methodologists support the use of SCD rather than terms suggesting suggest a single
participant as a key feature.

SCDs can be designed to test a causal relationship between an intervention and an
outcome.8: @ Therefore, SCDs have external validity and internal validity. Causality is
demonstrating through repeatability. For instance, when the effects of an intervention are
observed immediately after intervention and behavior reverts to baseline when the
intervention is removed, repeatability is supported. Repetition can be demonstrated using
multiple phase designs such as ABA, ABAB, ABABA, where A signifies a baseline phase
(no intervention) and B signifies an intervention phase. This design is useful for studies
using feedback, task modification, environmental supports, or technologies (e.g., mobility
devices, robotics, exoskeletons) when rapid improvements during intervention with function
reverting to baseline after removing the intervention are both expected (Figure 2).

For educational and procedural interventions immediate effects are not typically observed
and return to baseline function at the end of the intervention phase is not commonly
observed nor is it desirable. Repeatability and determination of causality in these
interventions can be achieved when the effects of the intervention are repeated across
multiple participants.®:  For example, causality is not determined from an AB design with
one participant. If similar effects are observed across multiple participants using this design,
causality is strengthened. While participants are not randomly assigned to groups, they can
be randomly assigned to intervention levels. A causal relationship can be inferred from a
multiple-participant AB design if participants are randomly assigned to interventions during
which baseline length or start time of intervention phase are varied.1? This may be important
when improvements in function could be attributed to experience, maturity, or recovery. For
example, an intervention to improve sitting with a baseline from 4-6 months of age and an
intervention beginning at 6 months of age is confounded by sitting independence typically
emerging at 6 months of age. The sitting intervention study could randomly assign
participants to begin baseline at 4 months and begin intervention at 5, 6, or 7 months (Figure
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3). Similarly, natural recovery, rather than the intervention, may account for changes in
outcomes for people in a stroke rehabilitation study if the baseline is from 0-30 days after
stroke and the intervention begins at day 31. Here the baseline could begin immediately after
stroke with participants randomly assign to begin intervention at 1, 2, or 3 months post
stroke.

A variety of statistical techniques can be used to analyze data from SCDs. The U.S.
Department of Education funded the development of improved analysis techniques for these
designs.® 9 11.12 An example of a more recent analysis technique includes randomization
analysis in which p values can be determined for individual participants and then analyzed
using meta-analysis techniques across multiple participants in the same study.3-15

The key characteristics of RCTs can be incorporated into SCDs. These include
randomization of participants to conditions, comparison of intervention outcomes with
control outcomes, identification of causal relations between interventions and outcomes,
generalization of the outcomes.8: 10 16 SCDs can address confounding variables, a key
limitation of RCTs and other group designs.8-® When designing group studies, researchers
must identify confounding variables that may impact outcome. These could be a long list of
variables such as strength, age, time from injury, gender, social support, medication use, and
cognitive level of participants. Researchers aim to control these confounding variables by
randomizing participants to groups and large samples with the assumption that levels of
confounding variables are evenly represented among the groups. It is not always possible to
identify all confounding variables or to have sufficient sample sizes. An important benefit to
SCDs is that each participant serves as his/her own control. Most confounding variables will
therefore be the same across conditions for each participant. SCDs require fewer participants
and resources to answer rehabilitation questions. They support high quality, controlled
research studies in real-world natural and clinical settings. SCDs also reduce the gap
between research and practice by reporting individual changes, where therapists serve
people, rather than reporting group averages that may not represent any one individual.
SCDs provide an details of process and change in relation to interventions by collecting data
more frequently on fewer participants. These designs offer an ethical intervention design for
people when withholding an intervention compromises safety or ethics.8: 9

Observational Research Designs

There are a variety of observational research designs. Observational studies make
comparisons of differences among people with a condition when observed at a single point
in time (i.e., cross-sectional designs), change over time among people with a condition (i.e.,
case series or, with large datasets, longitudinal designs), change over time among people
with and without the condition of interest (i.e., retrospective or prospective cohort designs),
and differences between people with a condition and those selected for specific similarities
who do not have the condition (i.e., case control). These types of studies can take advantage
of large datasets.

One difference between observational designs and experimental designs (e.g., RCTSs) is that
causality cannot be concluded from relationships described in observational studies.
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Observed associations may be due to a variable that was not measured but is related to both
predictor and outcome. Randomization in experimental designs accounts for this possibility
in a way that observational designs cannot. However, causality can be suspected when an
association has specific characteristics: a relationship is found consistently in multiple
studies with varying samples, methods and predictors; a monotonic relationship is observed
between a variable and a hypothesized effect (sometimes called a “dose relationship”
because the greater the magnitude of the predictor, the greater the effect on the outcome); or,
a study includes all known or suspected covariates in an analysis of the relationship, thus,
ruling them out as sources of the association. However, some people do not believe that
causality can be established without an experimental design.

This decade has seen the creation and development of multiple large datasets with outcomes
for populations with neurological conditions, including traumatic brain injury (TBI). Two of
these datasets were specifically designed to evaluate rehabilitation outcomes following TBI:
the TBI Model Systems National Database (TBIMS-NDB)17 and the TBI Practice Based
Evidence (TBI-PBE) Study.18 Both datasets examine rehabilitation outcomes using
observational designs, yet differ in structure and composition and, as a result, the
observational methods used to examine treatment outcomes.

The TBIMS-NDB is funded by the National Institute on Disability, Independent Living and
Rehabilitation Research (NIDILRR), U.S. Department of Health and Human Services since
1987.17 It houses data on participants older than 16 years of age with moderate to severe
TBI treated for inpatient rehabilitation at one of the participating centers. Data are collected
about pre-injury status, injury and inpatient rehabilitation, and longitudinal progress at 1, 2,
5 years and every 5 years thereafter. As of March 31, 2016, the TBIMS-NDB included
approximately 15,000 participants giving 50,000 interviews, with some interviews 25 years
post-injury. Critical to its utility as a longitudinal dataset, the TBIMS-NDB has follow-up
rates exceeding 82% across all years.19 Standardized protocols for data collection result in
very high test, re-test reliabilities for follow-up measures.2°

The TBIMS-NDB yielded hundreds of peer-reviewed articles. One important contribution
are the longitudinal analyses. Analytic techniques, including individualized growth curve
analysis, support a different understanding of long-term recovery after TBI. As the TBIMS-
NDB gains cases at the 15-, 20- and 25-year follow-up years, more insight is expected into
the interaction with co-morbidities as well as the effects of aging. These discoveries are
aided by increasingly sophisticated analytic techniques for longitudinal data.

Another TBI database, the TBI-PBE, uses a “Practice-Based Evidence” approach to
observational research that was first used by Horn in acute hospital care and nursing
homes.18 PBE studies take advantage of naturally occurring variations in treatment
patterns.18: 21 Data are analyzed regarding the affect of interventions on outcomes taking
into account a myriad of patient differences. PBE studies differ from other observational
studies in that they include detailed information about the participants, their disease states
and the interventions. This research technique was first extended to rehabilitation in a study
of stroke;22 which was followed by a study of spinal cord injury23 and joint replacement.24
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The TBI-PBE study was funded in 2007 to collect data on participants over 13 years of age
with TBI treated at 10 rehabilitation centers in the United States and Canada.2® The dataset
contains information about treatment during rehabilitation. Point-of-care (POC) forms
capture details of each treatment episode, each day, provided by each member of the
rehabilitation team. There is an average of 165 POC forms per patient; nearly 6 forms for
each day of stay. The TBI-PBE dataset has yielded many results, and the dataset continues to
be analyzed.

The Propensity Score Analysis26 from the TBI-PBE study is an analytic technique that is
gaining attention. A propensity score is calculated for each case in the dataset and is the
probability that a given individual would receive a specific treatment. The score is derived
from prediction models applied to baseline characteristics known prior to the initiation of the
treatment. There are multiple approaches to matching the samples for their propensity score
that, when successful, allow the researcher to examine outcomes for a group of participants
who received a treatment when compared to a group that had an equal chance of receiving
the treatment but did not. Propensity Score Analysis is evolving and requires skilled
statisticians to assist the researcher. However, the potential to simulate randomization in
historical datasets could be a powerful tool.

The TBIMS-NDB and TBI-PBE studies illustrate the application of observational techniques
to the study of rehabilitation outcomes. Their strengths are different: the detailed treatment
data in the TBI-PBE study provides opportunities for understanding inpatient TBI
rehabilitation interventions while the extensive longitudinal scope of the TBIMS-NDB is an
unprecedented window into the long-term effects of TBI. A characteristic of both datasets is
the rigor used during data collection. As datasets become more available with the electronic
capture of clinical records, we have greater opportunities to apply observational methods.
However, our methods will be only as good as the data captured. Greater prospective quality
control in record keeping may be necessary to take full advantage of the electronic medical
record for research.

Qualitative Research Designs

Designs in qualitative research are similar to those employed in Positivist (the scientific
philosophy of measurable verification) quantitative research but those familiar designs are
used differently.18 Post-positivist qualitative research presumes and privileges multiple
subjective truths in human experience as opposed to the objectivist single truth of positivist
quantitative research. Hence, within group variation of an experience and subjective
reflection on that experience are important in determining nature and scope of investigation.

The terms design and methodology are sometimes used synonymously, typically obscuring
the full range of methods from design through analysis. Data collection techniques are
sometimes misrepresented as a method, for example, reference to focus group technique as a
stand-alone qualitative method.28 However, such use obscures understanding overarching
methods employed from approach through design to specific methodological traditions and
techniques, limiting substantiation of scientific quality.2” Critically, the intent of a study,
along with specific research questions to be investigated, must guide selection of study
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design as well as a specific method. Data collection techniques are matched to the method
rather than to the design. Sources of text or visual data such as videos or photographs
include spoken and written words from individuals and groups. Data is obtained from
interviews, events, documents, or other records of the experience under study. Clarity
regarding alignment of approach and method with design and data collection is essential to
successfully designed qualitative research and delivery of high-quality results.

Qualitative research uses a variety of specifically defined methods, anchored in specific
behavioral, cultural, or social theories, in philosophy, or in an explicitly atheoretical
orientation, to describe and interpret human experience. Where quantitative research most
broadly aims to tell clinicians what to do under a specific set of circumstances, qualitative
inquiry commonly attends more closely to illuminating how to be, what it is to experience a
state, process, or situation, and how these experiences feel or what they mean. These human
experiences represent various facets of being and meaning, and with consequences for the
person receiving physical therapy as well as the physical therapist.

Qualitative research, as in quantitative research, uses time as a prominent dimension of
human experience to define research design. Time undergirds processes, relationships, and
other experiences of interest in physical therapy research. Time is often represented in
chronological terms for example, at different points after therapy is initiated. However,
gauging response to or understanding of an event like an injury or iliness may be better
represented in narrative or experiential time. Qualitative designs offer capacity to make use
of cross-sectional or longitudinal time perspectives by matching data collection methods
(e.g. individual or group interviews as opposed to field observation) to the representation of
time specified design of the study. Finally, any qualitative design is amenable to different
levels of analysis required to address individual, group, community, or defined case as the
focus of inquiry.

Time frames possibilities for describing and interpreting phenomena of interest in qualitative
research design. The phenomenon may be approached in “snap shot” form using cross-
sectional designs. Cross-sectional design offers flexibility in accruing participants, used with
the goal of understanding a single or multiple points of interest in an experience. Isolating a
point or points of interest in the phenomenon under study implies a chronological
perspective and suggests that participants are recruited in relation to predetermined times.
Alternatively, emphasizing narrative or experiential time implies using cross sectional design
to gather a variety of perspectives from different points across an experience. This sense of
cross sectional design enables participants to reflect on their experiences and allows
investigators to analyze across an experience, capturing how it evolves over time across
participants. In contrast to cross sectional design, longitudinal design in qualitative work
offers potential to represent intra-individual experiences over time. Narrative methods,
phenomenology, and participatory methods like photo-voice and appreciative inquiry
typically value longitudinal design with engagement of participants over the duration of an
experience. Qualitative case study design may make use of either chronological or narrative
interpretations of time as the case is defined and data sources identified.2®
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Qualitative research relies on participant engagement, over time, to delimit the scope and
nature of an investigation. As a result, the role of participants in qualitative studies of any
design is prioritized in relation to that of the investigator. Typically, the investigator becomes
the agent of data collection in contrast to Positivist quantitative science where measures and
instruments are used. There is a range of roles for participants depending on the
investigator’s approach and on the method used. Participant involvement may appear similar
to quantitative studies where qualitative data are collected and analysis may be verified
through member checking and other strategies. Conversely, participants may be more
engaged with inception of a study, co-creating and serving as researchers as in participatory
and action methods. Qualitative case study design uses participant engagement differently,
depending on the nature of the case. Reflection on the extent of partnership with participants
to whom the phenomenon under investigation belongs helps refine design, leading to more
precise identification of the best method suited to the phenomenon and investigative
partnership.

Qualitative designs, while similar to quantitative research, differ in the way in which
underlying principles, drawn from post-Positivist paradigms of science, guide design
selection and development. The role of participants, representation of time, and focus of
analysis are critical to defining design. Aligning design with aim, method, data collection
and analytic technique support a successful qualitative study. Design is most broadly
understood as cross sectional or longitudinal with either category requiring a match to the
elements of the experience to be explored. The option of defining a case as the focus of a
study further refines qualitative design when considering complex, multilayered phenomena.
Determining the extent of partnership desired with participants further refines design and
thus commensurate identification of method and data collection techniques.

Discussion

There is a need for physical therapy to acknowledge that there are many rehabilitation
research questions that can best be answered using single-case, observational, or qualitative
research designs. We are a profession that values problem-solving and determining the
optimal intervention for a person. We teach our students to avoid “one size fits all”
approaches that claim to work for everyone. Rather, we educate students to critically think
about each person’s needs, to review the evidence on potential interventions, and to
determine the optimal intervention for each client.

We propose that this same thought process should be applied when selecting the best design
to answer a specific research question and applied when teaching students to review
literature, articles for publication, and grants. A redesign of the common research design
hierarchy would be useful. The redesign should focus on the design characteristics that
strengthen internal and external validity with examples of a variety of designs that describe
each of those design characteristics. This would replace the ranking of specific design
categories. The hierarchical ranking of research designs presumes that designs within each
of the categories are all of higher quality than any design in lower ranking categories. This
would emphasize research designs that now fall lower on the pyramid and could incorporate
useful designs that are not currently listed in the pyramid.
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Physical therapists are typically well educated to appreciate the advantages of RCTs and
meta-analyses but may lack education in other types of research design and methods. This
can result in a variety of inaccurate assumptions. For instance, RCTs and meta-analyses of
RCTs are generally considered optimal for answering most research questions related to
intervention and other designs are often dismissed as weaker or simply as a step in the
process of moving toward an RCT.1 2 Qualitative measures may be dismissed as not being
objective.30 Basic statistics courses teach that studies with less than 30 participants may be
dismissed as too small to be useful.31 These are examples of possible assumptions that can
reflect a lack of understanding of the benefits of less commonly used research designs.
These assumptions may have negative consequences such as enabling the dismissal of entire
bodies of literature and research designs that can be informative for clinicians and deterring
those without extensive resources from engaging in the research process.

We advocate for a problem-solving based approach to research design and evidence review,
whereby the research question, feasibility, ethical, and safety issues are considered when
determining the optimal research design. We propose this will result in the implementation
of a larger variety of research designs and will enhance the quality and depth of our
understanding of the interventions and the individuals we serve.
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Randomized
Controlled
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Cohort Studies

Case Control Studies

Case Series

Case Reports

Ideas, Editorials, Opinions, Experience

Figurel.
The common hierarchy of research design positions randomized controlled trials (RCTs) and

studies analyzing and reviewing these trials at the top. Single case designs and qualitative
research designs are not depicted in this hierarchy and observational designs are positioned
lower on the hierarchy, incorrectly suggesting these categories of studies cannot be as
rigorous and informative as RCTSs.
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Figure2.

A fictional A1B;1A;B; single-case study design that tracks distance travelled by an
individual with movement impairments in the community with and without a powered
mobility device. Al represents the first and A2 the second baseline phase (distance travelled
without the device); B1 represents the first and B2 the second intervention phase (distance
travelled with the device). A clear difference is observed in the level/amount of community
mobility observed between periods of device use and nonuse, suggesting the change in
amount of mobility was caused by the use of the device.
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Independent Sitting Time In
Relation to Intervention
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Figure 3.
A fictional multiple baseline AB single-case study design that tracks independent sitting

time for infants at risk for delays. A represents the baseline phase when no intervention is
provided; B represents the intervention phase when the sitting intervention is provided.
Participants began the study at 4 months of age, but Participant 1 began the intervention at 5
months, Participant 2 at 6 months, and Participant 3 at 7 months of age. Independent sitting
typically emerges around 6 months of age. Duration of independent sitting changed with
respect to the onset of intervention rather than in relation to age, strengthening the
suggestion that the intervention caused the change in sitting behavior.
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