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or decades, coaches and athletes have been using

video playback to analyze sports, games, and performances
because it is an effective tool for enhancing motor learning
and performance (Hastie, 1990; Jambor & Weekes, 1995;
Janelle, Barba, Frehlich, Tennant, & Cauraugh, 1997). Until a few
years ago, the main tools for video playback were the pause and
rewind buttons on a VCR. However, the portability of mobile devices (e.g., smartphones and tablets) in conjunction with movement analysis applications (apps) now allow coaches, personal
trainers, kinesiology instructors, and physical educators to easily
analyze movement.
Movement analysis software ranges from a highly sophisticated
license that Olympic athletes use (www.teamusa.org) to a 99-cent
smartphone app easy enough for children to use. Whether teaching
physical education, coaching, or just playing golf on the weekends,
motion analysis tools can be easily used to improve performance.
This article describes how to use movement analysis software,
including mobile apps, to provide performance feedback and conduct assessments in K–12 physical education and university physical activity courses.

Digital Movement Analysis for Feedback
and Feedforward
Feedback in physical education involves sharing information
about how a student performed in the past, such as “Your elbow
was correctly positioned on that free throw shot.” Feedforward
involves sharing information about how a student should perform
in the future, such as “On your next free throw attempt, bend your
knees more and follow through with your wrist.” Both strategies
are useful for motor learning and can be enhanced with digital
movement analysis.
The basic idea of digital movement analysis is to record a performance and play it back using software tools to see what the
human eye cannot perceive in real time. Uhl and Dillon (2009)
demonstrated this technique to be useful with high-school physical education students. They examined students receiving regular
instruction in the 40-meter sprint and the backsquat and compared
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their performance to a different group who received regular instruction in addition to video feedback using Dartfish
software. The group receiving video feedback significantly
outperformed the control group in both scenarios.
Dartfish software is a highly sophisticated software
suite that is pretty expensive and requires a laptop and
camcorder. Some apps for mobile devices have some of the
same features but are cheaper and require less equipment.
For example, using a $4.99 app called Coach’s Eye, teachers can record a student’s performance on a smartphone or
tablet and immediately play it back and analyze the performance with the student. Figure 1 is a snapshot of a soccer player whose performance was recorded and analyzed
using this app on an iPhone. Note the following features:
• The digital flywheel at the bottom allows for quick
rewind, fast-forward, and pausing.
• Color-coded drawing tools (see menu at left) show
body angle and knee position.
• The record button at the top allows the teacher to
narrate feedback during a video clip and email it to a
student.
Numerous other movement analysis apps are available,
and each has unique features. The free app called Ubersense, for example, allows the teacher to adjust for slow
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Figure 1.
The Coach’s Eye app provides a digital flywheel, drawing tools, and a recording feature
to analyze movement.

motion (1/8, 1/4, or 1/2 speed) and has a zoom feature that helps
the teacher examine specific critical skills such as foot placement or
wrist action. Ubersense also features split-screen comparisons (see
Figure 2), as well as screen overlay, which means the teacher can
digitally place a video of one student on top of a video of another
student for comparison.
Split-screen analysis is useful when comparing a video performance of two students at once, one on each side of the screen (a
novice student could be placed on one screen next to an elite player
on the other screen). For example, a student swinging a golf club
could be played on one screen simultaneously with an elite player
like Tiger Woods, swinging his club from a similar viewing angle
on the opposing screen. The side-by-side comparison could be
played in slow motion for close examination of technique.
Screen overlay analysis is similar but is used for a different
purpose. In this example, the novice student’s video clip can be
placed right on top of the elite player’s video clip. It is sometimes
more difficult to clearly see both performances on a screen overlay,
but the ability to compare two players moving in unison can reveal technique errors that would have otherwise gone undetected.
Ubersense provides organizational tools to manage multiple videos
of several students within a class.
Some movement analysis apps, such as Dartfish Express, allow users to snap photos from recorded video, which is helpful
in creating still images for analysis. Prior to the Express app for
use with smartphones and tablets, Dartfish sold its highly sophisticated movement-analysis software primarily for use with laptops
and camcorders. It is priced around $3,000 but offers far more
analysis features, such as screen measurements, video tagging (inputting e-notes during a performance), and Stromotion (a collection of frozen images on one screen—see Figure 3). In fact, some
of the images shown on television of the 2012 Summer Olympics
were created using Dartfish.
A unique feature of a Dartfish setup in physical education is
the use of the videotaped delay timer. With this feature, students
perform a skill such as a cartwheel and immediately move to a

Figure 2.
The Ubersense app provides a split-screen video function to
compare different performances.
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record the performance and be plugged into a projector or
whiteboard to display the enlarged high-definition video
on a wall or screen (see Figure 6). Teachers can play back
the video in real time or in slow motion and ask targeted
questions such as, “Which direction was your momentum
moving when setting the volleyball?”
Knudson and Morrison (2002) noted that video replay,
if used properly, can be beneficial for the analysis of motor skills. If used improperly, however, it becomes a waste
of time and money. As an example, asking students specific questions centered on performance technique tends
to generate more accurate and pertinent responses. On the
other hand, asking a question such as, “What do you notice about your performance?” tends to yield less relevant
responses, such as their hairstyle or shoe color.
Video replay allows the teacher and students to obFigure 3.
serve
technique in slow motion, diagnose errors, and
Dartfish software can create Stromotion images, which
determine how to improve the performance. Rothstein
allow the analysis of multiple phases of a performance in
(1980) recommended that teachers use verbal cues durone photo.
ing video replay to focus the students’ attention and provide practice immediately after viewing the video. For
laptop, which can be set up to replay the performance following a
example, after replaying a video of volleyball peppering
predetermined delay (e.g., 15 seconds). Students view their perforand providing verbal cues such as “forward momentum” and
mance in real time or in slow motion while the next student per“10-finger contact,” students should immediately return to pracforms a cartwheel. Then the student who just performed watches
tice to correct form errors.
their video on the laptop, and so on. It is as if a student gets to
watch their performance in a mirror but with a delayed reflection.
Digital Movement Analysis for Assessment
This technology could be used for multiple students at once (see
Assessment and grading, which are challenging in physical eduFigure 4) or for individual students one at a time at a skill station
cation, can be quicker and more accurate with digital movement
(see Figure 5). Once set up, the teacher does not need to operate
analysis. Even the simple act of recording an assigned dance routine
the video replay station and is thus free to address other students.
allows a teacher to pause and rewind a performance to focus on
Performance videos could be saved to a hard drive for grading
each individual student as opposed to watching the whole group in
purposes or even to share with parents.
real time. This strategy is useful when assessing large numbers of
Whether using state-of-the-art software with a computer (e.g.,
students at a time. Essentially, the assessment can be administered
Dartfish, SportsCad, MotionPro) or simpler video apps with a tabin class and graded later using the video.
let (e.g., Coach’s Eye, Ubersense, Dartfish Express, iReplay, SiliconMovement analysis apps, however, add a whole new dimension
Coach), teachers can use digital movement analysis to help students
to self- and peer-analysis. Teachers can “share” video clips with
analyze and acquire motor skills and movement patterns. One of
drawings and recorded feedback if desired. Videos with narrated
the simplest methods for video replay, whether using software or
teacher feedback can be posted to YouTube, placed in Dropbox
apps, is to record a skill such as a somersault and instantly play
(online cloud storage), shared on Facebook, or emailed to students.
it back for students on a large screen. Smartphones or tablets can
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Figure 4.
Multiple students benefitting from video replay with
verbal feedback from the teacher.

Figure 5.
Students identify form errors from viewing their
technique immediately after their performance.
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rather than teaching fundamental movement skills in physical education programs.
Apps, on the other hand, may provide the best blend of
portability and features for coaches and teachers. Portability
is a major advantage in the physical education setting. It is
cumbersome and time-consuming to set up a laptop with a
FireWire cable attached to a camcorder on a tripod and then
connect it all to a projector—all of which requires a power
strip and extension cord running to an outlet. An iPad and a
handheld battery-powered projector (e.g., the Pico projector)
are much quicker to set up for a class and have most of the
features a teacher would need.
The possibilities for both motion analysis software and
apps are almost limitless. For example, physical education
teacher education faculty could videotape their preservice
educators during student-teaching. A supervisor could then
add narration with pedagogical feedback, as well as arrows
on the screen to point out details such as off-task students. A
completed video could be burned to a DVD or emailed to the
Figure 6.
student for reflection or for an electronic portfolio.
Slow motion replay, coupled with targeted questions from
Physical education teachers could also record pre- and
the teacher, helps students learn motor skills and patterns.
post-unit video clips of students demonstrating movement
skills and patterns to highlight their improvement over time.
Using narration and drawing tools, parents and even adminA practical example would be to video record pairs of students
istrators could see how students are learning and acquiring
throwing and receiving a Frisbee for 60 seconds. The teacher
motor skills in physical education. These same weekly video clips
would email the video clip to the students with an assignment to
could be compiled into a highlight reel for the school television or
play back their performance in slow motion and write a one-page
parent–teacher association meeting.
reflection on their technique, answering specific questions posed
The recent explosion of mobile technology and app developby the teacher. An added bonus of this assessment technique is that
ment has provided a means for analyzing human movement that
all of the performances can be digitally stored for easy access when
was merely science fiction a decade ago. The exponential rate of
grades need to be tabulated.
computer-technology evolution might bring current science-fiction
In addition to skill performances, movement analysis software
elements, such as holograms and even Star Trek’s holodeck, into
can be an excellent assessment tool for written exams. For exreality sooner than we might think. Physical education professionample, a Stromotion image (Figure 3) could be added to a writals must stay vigilant in exploring new technologies as a means of
ten quiz asking students to identify form breaks. This cognitive
helping youth to become physically educated and active for life.
assessment would be particularly useful for physical education
majors who are typically unsuccessful at detecting performance
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Tips for Implementation
Digital motion analysis is cutting-edge technology for motor skill
acquisition. The portability of mobile devices and the ease of using
apps has brought motion analysis into the mainstream. Yet there
are advantages of using movement analysis software as opposed to
apps. For example, software typically comes with a remote control,
so teachers do not have to be tethered down to the video replay
station when showing a frame-by-frame replay. Also, video performances can be recorded to a DVD for student analysis, playback
to parents, or later storage. Last, the features of software are more
robust and allow for significantly more detailed analyses compared
to apps. Software may be more appropriate for training athletes
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To learn more about this topic, please refer to this AAHPERD resource
at www.aahperd.org/shop: Teaming Up on Technology: Lessons for
Health Education & Physical Education Teachers.

