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HISTORICALLY, LABORATORY EXPERIMENTS HAVE BEEN USED 
to help physical education students better understand 
various motor learning–related concepts. A solid under-
standing of motor learning theories and concepts should 
help future teachers and coaches perform successful, 

real-world applications. At many institutions access to motor be-
havior laboratories and/or equipment is not possible due to space 
or budget constraints. The apparatuses traditionally used in such 
laboratories, such as rotary pursuits, tapping styluses, and mirror 
tracing devices, are not readily available. Even as such apparatuses 
are referenced in lab manuals and journals, the apparatuses are not 
accessible or practical. Also, online courses are growing in popu-
larity, and this presents another situation in which traditional lab 
equipment would not be available. Consequently, alternatives must 
be used. Some published and many unpublished lab manuals used 
at the university level have adapted various lab experiments by 
incorporating readily available equipment such as pens and paper, 
tennis balls, rope, stopwatches, and rulers. There are also options 
for using desktop computers with software and online experiments 
in place of bulky and expensive lab equipment (McGraw, Tew, & 
Wiliams, 2001).

Another alternative is the use of mobile devices such as smart-
phones and tablets. Many students, without requiring them, al-
ready bring devices to class every day, and the number of stu-
dents using mobile devices is almost certainly going to increase 
(Ireland & Woollerton, 2010). In addition, mobile devices can be 

transported and taken home so that experiments can be conducted 
with various subjects and in various settings. Such portability has 
been shown to foster a more learner-centered environment and to 
lead to greater levels of student autonomy (Attard, 2011; Kukul-
ska-Hulme, 2013). Understood is the fact that mobile devices and 
the associated applications (apps) are not always suitable for rigor-
ous research. To name a few confounding variables, the speed, re-
sponsiveness, and resolution of the screen and the reliability of the 
application can vary from one device to another. However, for the 
very basic, elementary laboratory experiments found in a typical 
motor-learning laboratory manual, mobile devices should be more 
than adequate. Furthermore, students should always be ready to 
offer explanations when lab results are not as expected.

As with all newer technologies, teachers should always be cau-
tious of misguided tendencies to use technology for the sake of 
using technology, with little regard for learning outcomes. Wieder 
(2011) referenced some of the challenges associated with the use of 
mobile devices in the classroom: the high cost for equipment that 
gets little use, an increase in off-task behaviors, and clumsy note-
taking that is more time-consuming. Despite the challenges, mobile 
devices have been useful in providing motor-learning laboratory 
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exercises for undergraduate university students. The majority of 
the time spent using mobile devices for motor learning labs is out-
side of class, so many of the challenges associated with the use of 
mobile devices are nonissues. Three ideas for the use of mobile 
devices to help students better understand motor learning concepts 
will be presented. These simple labs are used in a university in-
troductory course and could be used with high school students as 
well. These three labs, in particular, were chosen because the con-
cepts covered have been included in the physical education Praxis 
exam that all teachers must pass in several states to get certifi ed.

The three examples that follow are intended to reinforce a few 
basic but important concepts related to motor learning. In par-
ticular, questions regarding Hick’s law and Fitts’s law have been 
included in the physical education Praxis test, so a thorough under-
standing is necessary. Admittedly, these labs only require the use of 
fi ne motor skills, and the ultimate goal is for physical educators to 
be able to apply such concepts to teaching the various gross motor 
skills needed for the sports and activities they are sure to coach and 
teach. Ideally, there will be many more 
opportunities in methods classes and 
elsewhere for students to apply motor 
learning theory to help others acquire 
and improve sport skills. Nonetheless, 
these types of lab exercises can rein-
force important concepts and build a 
base for practical application.

Hick’s Law
Schmidt and Wrisberg (2004) ob-

served that Hick’s law “describes the 
stable relationship that exists between 
the number of stimulus-response al-
ternatives and choice reaction time; 
specifi cally, as the number of stimulus-
response pairs increases, choice reac-
tion time increases in a linear fashion” 
(p. 61). A teacher or coach who under-
stands Hick’s law is in a better posi-
tion to instruct players. For instance, 
at a crucial point in a tennis match a 
knowledgeable coach might instruct a player returning a high-ve-
locity serve to assume a continental grip (between a forehand and 
a backhand) and return the ball to the middle of the opponent’s 
court, regardless of where the serve lands. By reducing the number 
of possible responses, the player will be able to react faster.

Many older lab manuals call for the use of a chronoscope. The 
subject is presented with either a visual stimulus or an auditory 
stimulus, which also starts the timer. When the subject responds 
by pressing a button, the timer stops (Carron, 1971; Lockhard & 
Johnson, 1977). Purchasing, housing, and maintaining such equip-
ment is just not practical for some schools. One alternative is an 
app from Apogee Studio (2013) called Check Your Reaction. Us-
ing this app, one can set the diffi culty level on easy before playing 
a game that calls for simple reactions. The fi rst 10 attempts are 
scored and averaged. When the diffi culty level is set to hard or 
insane, the students can measure choice reaction times. This is the 
simplest of all choice reaction-time experiments because it simply 
calls for the student to react or not react, often called a “go/no go” 
reaction. This particular app is useful because it lists the reaction 
times on the screen, and students can easily use them for writing 

up lab results. While the entire lab handout is not shown, Figure 
1 represents portions of the lab that relate to the mobile app by 
showing typical responses.

Fitts’s Law
Fitts’s law is commonly known as the law that describes the 

speed–accuracy tradeoff. Fitts’s law states that “movement time is 
linearly related to the index of movement diffi culty” (Schmidt & 
Wrisberg, 2004, p. 163). Movement diffi culty can be altered by 
adjusting the size of the targets or the distance between targets. 
All physical educators struggle with questions of accuracy versus 
speed tradeoffs. As one of thousands of examples, teaching a new 
tennis player how to balance the need to serve the ball into the box 
with the need to produce enough velocity to maintain an offen-
sive advantage requires knowledge of this accuracy versus speed
tradeoff.

Some lab manuals contain lab exercises that require students 
to use a handheld stylus and a tapping 
board to record the speed and accuracy 
with which subjects can tap the targets 
(Carron, 1971; Husak & Young, 1988). 
The experiments are essentially no dif-
ferent from those performed by Fitts 
himself in his landmark experiment. 
One alternative is an app called Ultra 
Reaction by Fabio Bassan (2012). In 
particular, the responsive activity was 
used. Students fi rst complete the task 
under the medium condition (large 
targets closely spaced) and then again 
under the ultra condition (small targets 
with greater spacing). After fi ve targets 
are hit, an average time is provided. If 
at any time a target is missed, there is a 
“game over” message, and no average 
time is given. Students can easily get 
friends, family, and peers to complete 
the tasks while recording the average 
times and the number of errors. This in-
formation can then be used for writing 

up lab reports. Screen captures of the app are shown in Figure 2. 
Typical student responses to lab portions relating to the Ultra Re-
action app can be seen in Figure 3.

Massed versus Distributed Practice
Massed practice is used to describe practice situations where the 

amount of time spent practicing is greater than the amount of time 
spent resting. Distributed practice occurs when one spends more 
time resting than practicing (Fairbrother, 2010). Many lab manu-
als use a mirror tracing task for labs that focus on distribution of 
practice time (Lockhard & Johnson, 1977; University of Northern 
Iowa, 2010). Such tasks can be done on a computer or with pen and 
paper; however, the setup for the pen and paper method is cumber-
some. Typically, continuous skills are used to study the infl uence 
of massed or distributed practice. That is why the Labyrinth Lite 
app (Codify AB, 2012) is an acceptable alternative for lab exercises 
focusing on distribution of practice time. Most of the levels take 
about fi ve to 30 seconds to complete, depending on the partici-
pant’s skill level. The subjects in the massed group simply continue 
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practicing for a set period of time. Once the level is completed, the 
option is given to go to the next level; there are 10 levels in all. At 
any point the user can quickly tap the screen and see arrow keys 
that take him or her back to the previous level. Therefore, a single 

level can be repeated as many times as desired. Subjects in the dis-
tributed group simply rest for 30 seconds between each attempt. 
The experimenter can record errors (the ball falls through the 
holes), the time needed to complete the level, or some combination 

Figure 1.
Typical lab results and write-up for the Hick’s law lab
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of the two. After participants from each group 
have made a predetermined number of attempts, 
a never-before-seen level can be used as a trans-
fer task. One of the hard levels can be used for 
the transfer task. If a retention task is possible, 
one could just repeat the same level used for all 
the practice trials several days later. The typical 
lab results are shown in Figure 4.

Benefits and Limitations of Using 
Mobile Devices

When more traditional means of providing 
motor-behavior laboratory experiences are not 
available, mobile devices may provide accept-
able alternatives. The use of mobile devices with 
free or inexpensive apps can be educational and 
meaningful. This was not unexpected, as stud-
ies conducted in other disciplines where mobile 
devices were used in lab settings have also shown 
positive learning outcomes (Powell et al., 2011; 
Wong, Chao, Lien, & Wu, n.d.). One benefit of 
using mobile devices is that every student must 
assume responsibility for leading the experiment. 
The author’s experience has shown that in many 
of the lab exercises performed in class, certain 
students tend to watch and participate minimally 

Figure 3.
Typical lab results and write-up for the Fitts’s law lab

Figure 2.
Screen captures of the app used for Fitts’s law experiment

From Ultra Reaction (version 1.1), © Fabio Basson. Reproduced by permission 
of Fabio Basson. Permission to reuse must be obtained from the rightsholder.



24  Volume 85   Number 8   October 2014

Figure 4.
Typical lab results and write-up for the massed versus distributed practice lab
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or only when required, while other students take the lead. For in-
stance, when a student is responsible for organizing and explaining 
the procedures for the experimental group and the control group, 
that student develops a deeper understanding of the concept be-
ing examined. Additionally, the students seem to enjoy involving 
friends and family in the experiments. A fact that should not be dis-
missed is that attitude is an important factor when getting students 
to buy into using the mobile devices for lab experiences (Cheon, 
Lee, Crooks, & Song, 2012). Students were also more likely to 
conduct the experiments honestly, since all the necessary supplies 
were literally in the palms of their hands. Lab exercises could be 
carried out anytime, anywhere.

Using mobile devices will not be the best solution in every in-
stance. Since most students are planning on coaching and teaching, 
it is beneficial to include several lab activities that require gross 
motor skills and more sport-specific skills. Many motor behavior 
concepts are simply better learned with standardized equipment in 
class with the instructor available to help. As with any homework, 
the possibility that some students may not complete the assign-
ments or falsify the results in some way should be considered. The 
more familiar the teacher becomes with the apps, the better able 
he or she will be to offer advice and detect instances when students 
might not be executing the labs in good faith. Studies have indi-
cated the importance of instructor familiarity for student learning 
with mobile devices (Mang & Wardley, 2012).

Barriers to using such apps do exist. The author has had to deal 
with off-task behaviors as students “play” on their mobile device. 
Generally, those types of behaviors have been limited to lecture 
time, and once in-class lab work begins the students have had to 
stay on task to finish in a timely manner. When allowing the stu-
dents to perform these three labs as homework, it is a nonissue. 
There have also been instances when different versions of the app 
have caused confusion. The iPhone version may not look and op-
erate exactly like the iPad version or the Android version. These 
issues were normally addressed quickly on a case-by-case basis. 

On rare occasions a departmental 
iPad needed to be loaned to a student 
who did not have access to a usable 
device. When using mobile devices, 
connectivity disruptions can also be 
a problem. Fortunately, the apps dis-
cussed here do not require a Wi-Fi 
connection to operate; once down-
loaded, they can be used from any 
location. Typically, students do not 
use their mobile devices during class 
as they are normally charged with 
performing the experiments outside 
of class. Never has any student been 
required to purchase a mobile device 
for a course. To date, they have all 
had access to one or have been able 
to borrow one from the department.

Conclusion
There are occasions when the use 

of mobile device apps can enhance 
learning in physical education courses 
that address motor learning. Even if 

only a few lab experiences are offered via mobile device, they can 
be beneficial for make-ups or extra credit or just to supplement the 
traditional labs performed in class. The author’s experiences so far 
have been positive, and the process is evolving. For example, stu-
dents have started using screen captures and video clips as evidence 
that the labs were carried out. The responses to the lab questions 
have been of the same quality seen in the more traditional labs. 
In summary, there are several benefits to using mobile devices in 
teaching motor learning concepts; the effort spent researching the 
apps and creating the labs is well spent. Lab exercises performed 
on mobile devices can be a useful tool in a teacher’s toolbox.

Any experience that leads a student to a solid grasp of the 
theoretical concepts will likely allow that student to make better 
choices when teaching skills. For example, a better understand-
ing of Hick’s law has countless applications. The ability to help a 
young fielder eliminate response alternatives will allow him or her 
to react quicker and more confidently. The same can be said of a 
tennis player returning a serve or a batter awaiting the pitch. An 
understanding of Fitts’s law can be especially useful for someone 
teaching beginners. Slowing the speed and increasing the target size 
has helped many youngsters learn tennis quicker and more effi-
ciently. Last, the idea that distributed practice can produce supe-
rior learning also has infinite applications. As one example, those 
who are just learning to swim might be taught to think about their 
strokes. The distributed practice schedule allows them to improve 
without getting as tired or drifting into poor technique; plus they 
learn to assess their own performance and do not rely on a coach 
as a crutch. Using lab questions and discussions to promote practi-
cal application is crucial. Although the apps used were probably 
created as fun, time-diverting games, the concepts to be learned 
and applied later must be stressed and reinforced. Whether using 
a reaction app on an iPad or completing a mirror tracing task, it is 
up to the teacher to reinforce the learning objectives and prevent 
the task from regressing into just a “fun game” with no educational 
benefit.

nensuria/iStock/Thinkstock



26  Volume 85   Number 8   October 2014

References
Apogee Studio. (2013). Check your reaction (version 1.4.0). [Mobile ap-

plication software]. Retrieved from http://itunes.apple.com
Attard, C. (2011, November 11). Thanks for the iPads, but what are we 

supposed to do with them? Integrating iPads into the teaching and learn-
ing of primary mathematics. Retrieved from http://learning21c.word-
press.com/2012/11/18/

Basson, F. (2012). Ultra Reaction (version 1.1). [Mobile application soft-
ware]. Retrieved from http://itunes.apple.com

Carron, A. (1971). Laboratory experiments in motor learning. Englewood 
Cliffs, NJ: Prentice-Hall.

Cheon, J., Lee, S., Crooks, S., & Song, J. (2012). An investigation of mobile 
learning readiness in higher education based. Computers & Education, 
59(3), 1054–1064.

Codify AB. (2012). Labyrinth Lite (version 1.9.2). [Mobile application soft-
ware]. Retrieved from http://itunes.apple.com

Fairbrother, J. T. (2010). Fundamentals of motor behavior. Champaign, IL: 
Human Kinetics.

Husak, W. S., & Young, D. E. (1988). Motor control and learning. Dubuque, 
IA: Eddie Bowers.

Ireland, G., & Woollerton, M. (2010). The impact of the iPad and iPhone 
on education. Journal of Bunkyo Gakuin University, 10(1), 31–48.

Kukulska-Hulme, A. (2013). Limelight on mobile learning. Harvard Inter-
national Review, 34(4), 12–16.

Lockhard, A. S., & Johnson, J. M. (1977). Laboratory experiments in mo-
tor learning. Dubuque, IA: Kendall/Hunt.

Mang, C., & Wardley, L. (2012). Effective adoption of tablets in post-sec-
ondary education: Recommendations based on a trial of iPads in uni-
versity classes. Journal of Information Technology Education, 11, 301– 
316.

McGraw, K., Tew, M., & Wiliams, J. (2001). Psychology experiments. Tech 
Trends, 45(2), 7–8.

Powell, C., Perkins, S., Hamm, S., Hatherill, R., Nicholson, L., & Dwayne, 
H. (2011, December 15). Mobile-enhanced inquiry-based learning: A 
collaborative study. Retrieved from http://www.educause.edu/ero/article/
mobile-enhanced-inquiry-based-learning-collaborative-study

Schmidt, R. A., & Wrisberg, C. A. (2004). Motor learning and performance 
(3rd ed.). Champaign, IL: Human Kinetics.

University of Northern Iowa. (2010, January 29). Lab experiments. Re-
trieved from http://www.psych.uni.edu/psychexps/Exps/labexperiments.
htm

Wieder, B. (2011, March 13). iPads could hinder teaching, professors say. 
Retrieved from http://chronicle.com/article/iPads-for-College-Class-
rooms-/126681/

Wong, W., Chao, T., Lien, Y., & Wu, C. (n.d.). Rediscovering scientific laws 
in high school physics labs with mobile devices. Retrieved from http://
www.lsl.nie.edu.sg/icce2012/wp-content/uploads/2012/12/C4-t-209. 
pdf						                     J

>>>We offer education and training — delivered in a
variety of formats to meet your travel and budget
needs — to help you continue to develop your skill 
set in topics such as:

• Student assessment
• Instructional strategies
• Health-related fitness education
• Adapted physical education
• Standards & compliance
• Regulations
• And more!

SHAPE America continues to offer
professional development and training to
keep you knowledgeable and up to date
on all of the current trends in the field of
health and physical education!

Visit www.shapeamerica.org/profdev 
or email education@shapeamerica.org 
for more information



Copyright of JOPERD: The Journal of Physical Education, Recreation & Dance is the
property of Routledge and its content may not be copied or emailed to multiple sites or posted
to a listserv without the copyright holder's express written permission. However, users may
print, download, or email articles for individual use.


