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ABSTRACT

EVALUATING SPACING OF PRACTICE EFFECTS ON THE LEARNING OF
SHORTCUT KEYS

by Deidre Rogers

Using shortcut key commands to decrease coﬁputer mouse use is being
recommended by ergonomists and organizations such as The New York Committee for
Occupational Safety and Health. This is primarily because mouse use has been shown to
be a contributing risk factor in developing muscular skeletal disorders. One issue that
arises is how to best train people on shortcut keys. This study evaluated spacing of
practice (massed practice versus distributed practice) on a shortcut key training protocol
to determine if one type of practice increases shortcut key memorization more effectively
than the other. The researcher found no significant difference in shortcut key
memorization between the distributed practice group and the massed practice group. The
researcher found a significant effect for time of test and a significant interaction between

time of test and spacing of practice.
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Introduction
Computer Mouse Usage and Muscular Skeletal Disorders

In 1968, Douglas Engelbart introduced the mouse as an input device for computer
use (Conner, 2003; Bellis, 2003). The mouse revolutionized how humans interact with
computers. Rather than memorize function keys and macros in order to operate their
computers, computer users could simply ‘point and click” with their pointing devices. It
is certain that the mouse offers a very productive way to interface with the computer.
Karlgvist, Hagberg and Selin (1994) found that production was increased and the number
of errors decreased when a mouse was used rather than a keyboard for a correction task.
Computer users at home and at work embraced the mouse as an essential tool for
interacting with the computer. From graphic artists to office assistants, people are using
mice more continuously and more frequently than keyboards (Aarés, Fostervold, Ro,
Thoreson, & Larsen, 1997).

However, after 20-plus years in the marketplace, the widespread use of the mouse
has revealed costs as well as benefits in economic and ergonomic terms (Rempel,
Jacobson, Brewer & Martin, 2000). Like the keyboard, the mouse has been linked to the
development of muscular skeletal disorders (Cook, Burgess-Limerick, & Chang, 2000;
Cooper & Straker, 1998; Fogleman & Brogmus, 1995). The leading risk factors
associated with the development of muscular skeletal disorders are hypothesized to be the
repetitive nature of work, prolonged constrained postures, static and forceful exertions,
mechanical pressure, and duration of work (Armstrong, Radwin, Hansen, & Kennedy,

1986; Cook et al., 2000; Marras & Schoenmarklin, 1993). There is substantial evidence



indicating that use of the mouse is a major factor for muscular skeletal disorders for
workers and employers. An increased incidence of injury, escalating workers’
compensation claims, and decreased productivity from lost work time are some of the
possible effects.

Placement of the mouse, wrist postures, and mousing techniques are identified in
the literature as factors for developing mouse related injuries. Karlgvist et al. (1994)
found that mouse operators had long periods of awkward or strenuous working postures
as compared to non-mouse operators and that they spent a larger amount of time with
wrist ulnar deviation than computer users who worked without a mouse (i.e., keyboard
only). Marcus, Gerr, Monteilh, Ortiz, Gentry, Cohen, Edwards, Ensor, and Kleinbaum
(2002) found an increased risk for hand and arm symptoms and disorders when the
mouse was used with > 5° radial wrist deviation.

Increased shoulder flexion and external rotation have been observed in mouse
users versus keyboard users (Cooper & Straker, 1998; Karlqvist et al., 1994). Increased
mouse use over keyboard use has been shown to increase static positioning in computer-
aided design (CAD) work (Bystrom, Hansson, Rylander, Ohlsson, Killrot, & Skerfving,
2002). Individuals with various disabilities have found the mouse more difficult to use
than the keyboard (Trewin & Pain, 1999).

Specific research on the effects of using the mouse is prevalent in the literature.
Different kinds of mouse designs have been tested and all of the pointing devices studied
were found to have similar carpal tunnel pressure and wrist posture (Keir, Bach, &

Rempel, 1998). In addition, research has shown that mouse users work with more



extreme postures of the shoulders as compared to keyboard users (Cooper & Straker,
1998; Karlgvist et al., 1994).

Individual typing and mousing styles have been found to play an important role in
the stress of forearm muscles during video display terminal work, and researchers have
recommended that training should be a part of employee orientation protocols (Paul,
Menon, & Nair, 1995). Substantially different interindividual muscle loading has been
observed in computer mouse users (Cooper & Straker, 1998; Bystrém, et al., 2002).
Higher muscular stress is suggested to be a risk factor in the development of muscular
skeletal disorders, and any risk reduction efforts should acknowledge pre-existing
differences between video display users (Paul et al., 1995).

The following methods have been suggested to ameliorate muscular skeletal disorders
in mouse users (Cooper & Straker, 1998): (a) position, (b) use of alternative devices, (c)
use of forearm support, (d) use of speech recognition software, and (f) increased use of
the keyboard.
Shortcut Keys

Shortcut keys are either a key combination or an individual key (e.g., a tab key)
that cause a specific cursor position or other screen operation to occur. The cursor
control keys move the cursor and include the End, Home, Page Up, Page Down,
Backspace and the arrow keys. The arrow keys move the cursor up, down, right and left.
Shortcut key combinations include the use of Ctrl or Alt keys in conjunction with other
keys. For example, Ctri+B (the control and “B” keys pressed simultaneously) in

Microsoft Word™ or Excel™ will bold text; 4/r+4 will highlight all text.



Early software, such as WordStar™ and XyWrite™, developed before the use of
the computer mouse, required computer users to learn shortcut keys to be able to operate
the software (Bellis, 2003). As the mouse became a key input device and the primary
tool used to operate newer software, people forgot (or never learned) how to use shortcut
keys. Many WordStar™ commands still exist in today’s software; Ciri+X, Ctri+C, and
Ctrl+V are prime examples. Other shortcut keys are ubiquitous in major software
applications, including Microsoft Word™, Excel™, and Outlook™.

One strategy for decreasing mouse use and increasing keyboard use is increasing
the use of shortcut keys. Some ergonomic specialists and organizations such as The New
York Committee for Occupational Safety and Health are currently recommending use of
shortcut keys for computer users (Stamatis, 2004). Performance Based Ergonomics, Inc.,
a San Francisco-based company that specializes in typing retraining, offers a class named
“Avoiding the Mouse Trap” which, as part of the curriculum, instructs participants on the
use of shortcut keys.

Increased use of shortcut keys minimizes the need for mouse use and allows
computer users to keep their arms positioned closer to the midline of the body, as is
ergonomically recommended. Use of these keys can also increase speed and productivity
(Borland, 1997; Bott, 2000). Increased use of shortcut keys is probably not as effective
for individuals whose work requires them to predominantly use the mouse (e.g., graphic
artists). However, these individuals could still benefit from knowing the shortcut keys in
their email management software (e.g., Microsoft Outlook™) and in the word processing

programs they use for letter writing and other document-generating tasks.



The majority of research regarding pointing devices focuses on the design of the
computer mouse, mouse placement, postural issues, and muscle loading, and not on
alternatives (e.g., using shortcut keys). Extensive research on pointing devices exists
today because mouse use is ubiquitous even though it is suspected to be a strong risk
factor in muscular skeletal disorders (Cook, et al., 2000). Direct manipulation interfaces,
which usually entail the use of a pointing device, have become the dominant interface
paradigm (Mayhew, 1992). Thus, mouse use continues to be a key component in
computer interface design.

There is very limited research comparing use of the mouse to keyboard use
(Bystrom et al., 2002). However, the majority of these studies recommend keyboard use
over mouse use for injury prevention, especially for heavy mouse users, like CAD
operators (Bystrom et al., 2002). Research on shortcut keys may also be lacking because
they require training to learn and their use is not as intuitive as the use of the mouse.
Because of the ubiquitous nature of mouse use, today’s computer users will require
specific training if they are going to be able to use shortcut keys more extensively.
Training Approaches for Increasing Shortcut Key Use

Instructor led training has been used to teach individuals shortcut keys at the City
of Sunnyvale and is a part of the training offered to companies by Performance Based
Ergonomics, Inc. They offer a 90-minute class named “Avoiding the Mouse Trap”
throughout the San Francisco Bay Area. The class includes an instructor led training
done in a traditional classroom setting in a computer lab. These trainings include written

handouts for participants to take with them following the training. Instructor led training



is considered to be an effective training method that is both time- and cost-effective
(Brown, 2001).

Computer based training is another common training method in today’s business
setting. Training programs can be web based or run from an instructional CD-ROM.
Computer based learning can decrease the cost of training and give the learner greater
control (Brown, 2001). However, greater control is not necessarily better, since research
shows that employees working on their own without an instructor may choose to not
finish computer based training and may not spend adequate time with the course (Brown,
2001; Desai, Richards, & Eddy, 2000).

Mastery learning methodology has been shown to be one of the most successful
teaching methodologies (Krank & Moon, 2001). It focuses on essential, need to know
information and skills that can be used immediately (MclIntosh & Sullivan, 2000).
Mastery learning can include interactive, instructor led presentations, reading printed
materials, self-paced computer assisted programs, or a combination of these (Krank &
Moon, 2001). One of the specific techniques used in mastery learning is the use of
questions. Higher level questions can be used to get people to think more effectively and
promote learning (Brothen & Wambach, 2000). The use of questions that have no
penalty in computing the final score increases motivation and allows individuals to learn
from their mistakes (Garver, 1998).

BrainX software, which was developed by five learning experts, is software that
automates expert learning strategies like spaced learning, self-evaluation, and on-demand

assistance in the form of hints and explanations (Barth, 2001). It is used primarily by



students in order to prepare for tests and to learn any type of material. Individuals using
BrainX can do so on multiple occasions (i.e., distributed practice). The software is
engaging, uses principles of mastery learning methodology (including the use of
questions), can be used by individuals on a self-paced basis, and may result in cost
savings. Finally, the software can be beneficial in increasing individuals’ practice time.
Practice and time on task are two recognized important components of learning (Bell &
Kozlowski, 2002; Brown, 2001).

Individuals using BrainX can do so on multiple occasions (i.c., distributed
practice). Distributing practice is one of the ways to achieve what is known as a spacing
effect. The spacing effect occurs when there is a certain lag from the first occurrence of
an item to a second occurrence. The alternative, massed practice, occurs when the second
occurrence of an item immediately follows the first one. Distributed practice sessions
over several days or weeks have long-term advantages that have been demonstrated
consistently for more than 100 years (Bjork, 1994; Toppino, Hara, & Hackman, 2002).
The spacing effect has been shown to increase learning over chunked or massed
distributed information (Bahrick, Bahrick, Bahrick, & Gahrick, 1993; Mizuno, 1997;
Russo & Mammarella, 2002; Shebilske, Goettle, Corrington, & Goettl, 1999).
Objectives of This Study

Computer users, if trained on shortcut keys, could use shortcut keys to minimize
mouse use and may decrease their risk of developing mouse related muscular skeletal
disorders. Research is needed to understand how to best train computer users on shortcut

key use.



The primary objective of this study was to compare the spacing effect, i.e.,
distributed practice, to massed practice in computer based training given to participants
following an instructor led training. The computer based practice sessions were
supported by the use of BrainX software and were used to help participants learn shortcut
keys. All training was conducted in a computer lab setting. The training protocols were
selected for their practicality and cost-effectiveness as well as their potential to be
effective. Results from this study may help ergonomists, employers, and employees
understand which training protocols may be most effective for computer learning of
shortcut keys.

The Null Hypotheses formulated for this study were:

1. Spacing of practice will not affect the Rogers Shortcut Key Tests.

2. Time of test will not affect the Rogers Shortcut Key Tests.

3. Spacing of practice and time of test will not interact to affect the Rogers

Shortcut Key Tests.

The researcher expected to see an improvement from the initial administering of
the Rogers Shortcut Key Test scores when it was given again one week after all training
for both massed and distributed practice groups, since both included instructor led
training and the BrainX computer based training.

Importance of the Study

There is little experimental research regarding how to best train computer users on

shortcut keys. Computer mouse use is increasing as a “window interface” becomes more

and more prevalent (Cook, 2000). Windows™ based software programs tend to



encourage non-keyboard computer input device use rather than keyboard use (Karlgvist
& Hagberg, 1994). This research study was conducted to determine if the spacing effect
(i.e., distributed practice) with the use of computer based training is beneficial for
increasing retention of shortcut keys. If this simple, low cost method can be developed to
enhance shortcut key training, then computer users everywhere can learn how to use
shortcut keys to decrease overall mouse use. Shortcut key training could be incorporated
into the ergonomic programs of organizations that have computer training centers or
could be done onsite at individual workstations. It is postulated that if more people
become more knowledgeable about shortcut keys, then software companies will be more
inclined to incorporate keyboard shortcuts directly into their software.
Definition of Terms

BrainX software. Computer based training software that allows individuals to
highlight key concepts on a website, in a book, or on a printed document to be stored and
organized for later retrieval. The application then helps them review the information and

test themselves on the content to prepare for exams.

Computer based training. Computer based training is any course of instruction

whose primary means of delivery is a computer.

Distributed practice. Distributed practice is a series of practice sessions that have
some type of break between sessions. This type of practice is also known as interlesson

practice and is considered to be a type of spacing effect.

Instructor led training. Instructor led training or instructor based training is any

course of instruction whose primary means of delivery is an instructor.
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Massed practice. Massed practice, also known as chunked practice, is a series of
practice sessions that are given consecutively with no substantial breaks between

sessions. It is also known as massed presentation.

Muscular skeletal disorders (MSD). MSDs include disorders of soft tissue,
muscles and skeleton. They occur most often due to repeated forceful exertions and/or

awkward non-neutral postures of the body over time.

Repetitive strain injuries. Repetitive strain injuries are sometimes called overuse
strain injuries and are a considered to be a muscular skeletal disorder or a cumulative
trauma disorder. These injures can involve any tendon or muscle injury resulting from
overuse, usually in the hand, wrist, or arm. Injury may be caused by any combination of
repetitive, unaccustomed, or prolonged movements, forcefulness, or an awkward position
(often due to bad ergonomics). The symptoms are pain, tingling, weakness, numbness,

swelling, cracking, stiffness, or reduced coordination.

Shortcut keys. Shortcut keys are either a group of key combinations or an
individual key such as a tab key that cause a specific cursor position or other screen

operation to occur.

Spacing effect. The spacing effect occurs when there is a certain lag from the first
occurrence of an item to a second occurrence versus having the second occurrence of an
item follow the first one immediately (“massed presentation™). This lag time can be

minutes to days to even months.



11

Review of Literature

To best understand why shortcut keys may be beneficial in decreasing mouse use
and possibly the incidence of muscular skeletal disorders, relevant material on muscular
skeletal disorders, postural issues, and mousé-related research are reviewed in this
chapter. In addition, research on training and learning is reviewed, since the goal of this
study is to determine if a difference exists between distributed practice and massed
practice for memorizing shortcut keys.

The review of literature focuses on five areas of research: 1) general research on
muscular skeletal disorders, repetitive strain injuries and their diagnosis, 2) postural
issues, 3) computer mouse and mouse positioning research, 4) muscle loading and 5)
training and learning.

Muscular Skeletal Disorders and Repetitive Strain Injuries

Disorders involving the neck and upper extremities were described as an
occupational disease as early as 1713 (Winkel & Westgaard, 1992; Armstrong, Fine,
Goldstein, Lifshitz & Silberstein, 1987). Muscular skeletal disorders related to repetitive
tasks account for more than 50% of all occupational illnesses in the United States (US
Department of Labor, 1998). The prevalence of work related upper extremity muscular
skeletal disorders (e.g., tendonitis, epicondylitis, and Carpal Tunnel Syndrome) reported
in America appears to have increased dramatically during the last ten years (Gustafson &
Hagberg, 2003). Snook, Vaillancourt, Ciriello and Webster (1995) began with the
premise that muscular skeletal disorders are associated with a combination of risk factors,

and they went on to study repetition of motion, force of exertion, and type of motion
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(posture) as the three primary risk factors of muscular skeletal disorders. They
investigated the interplay and interrelationships of these factors. The researchers found
that the combination of these risk factors govern the work experience in relationship to
duration of work, repetition of work, wrist flexion motion (power grip), and maximum
acceptable torque applied to these various physical actions. Their study indicated that the
factors governing work performance and the risk of muscular skeletal disorders are very
complex and interrelated. Furthermore, they concluded that solutions to muscular
skeletal disorders would never be simple.

Ranney (1993) developed a detailed assessment methodology to allow a precise
diagnosis that could then be used to establish the cause of muscular skeletal disorders and
formulate prevention strategies. He concluded that diagnoses of muscular skeletal
disorders and repetitive strain injuries were really statements of causation rather than true
medical diagnoses. Ranney (1993) found that specific diagnosis allowed for appropriate
treatment and prevention. He designed a specific protocol for development of a complete
diagnosis. These included physical examination, muscle tenderness, pain on resisted
activity, and tendon and neurological assessment. Ranney (1993) concluded that unless
the causative factors are known, little can be done to prevent re-injury and that early
treatment is always more effective, long lasting, and prevents prolonged periods away
from work.

The most common repetitive strain injury diagnosis in both the scientific literature

and public media has focused on Carpal Tunnel Syndrome, since these injuries often
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result in severe disability and because there are more objective diagnostic tests for nerve
impairments than for tendon disorders (Armstrong et al., 1987; Wilson & Sevier, 2003).

Other common neurological diagnoses include the following: median nerve
compression at the elbow as well as in the wrist, Cubital Tunnel Syndrome, which
involves ulnar nerve compression at the elbow (at the heads of the two flexor carpi
ulnaris), and Radial Tunnel Syndrome, where the radial nerve may be compressed as it
passes through the superinator muscle (Rempel, Harrison, & Barnhart, 1992; Ranney,
1993; Wilson & Sevier, 2003). Another neurological diagnosis is Thoracic Outlet
Syndrome, which involves nerve compression of the thoracic outlet area. The symptoms
can include pain, paraesthsias, numbness, and early fatigue in the upper limb (Sallstrom
& Schmidt, 1984).

Common tendonitis diagnoses include: De Quervain's Syndrome (tendonitis of the
thumb), Lateral epicondylitis (tennis elbow), and tendonitis of the wrist. For tendonitis
the diagnostic indicator is localized tenderness over the tendon that is involved (Rempel
et al., 1992).

Rempel et al. (1994) while investigating the effect of wrist extension on carpal
tunnel pressure, found that the mean carpal tunnel pressure increased with wrist
extension. Marcus et al. (2002) found there was a higher risk of musculoskeletal
symptoms and disorders when the following occurred:

e When the mouse wrist has radial deviation.
e When hours typing increases from 20 hours per week to 40 hours per week.

e When age is greater than 40 years.
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e When gender is female.

This study found that there is a lower risk of developing musculoskeletal
symptoms and disorders when the keyboard "J" key is farther than 12 cm from the table
edge (arms supported out in front of body, resting on the work surface).

Postural Issues

Perhaps the most common arm posture observed in mouse users is the "resting"
wrist posture. This is similar to what is considered to be the "lazy" style of keyboarding.
When the user's wrist is in a resting position on a standard mouse pad, wrist extension is
often observed. Wrist extension with mouse use is common and with the trackball it has
been found to be even more substantial (Karlqvist, Bernmark, Ekenvall, hagberg,
Isaksson & Rosto, 1999).

Sitting work posture has been studied extensively. One detailed study of sitting
work posture found that whole spine flexed sitting posture led to higher levels of static
activity in several neck and shoulder muscles than posture with a straight and vertical
spine. This flexed spine sitting posture led to higher static activity levels than posture
with slightly backward-inclined thoraco-lumbar spine sitting (Schuldt, Ekholm, Harms-
Ringdahl, Nemeth & Arborelius, 1986). In a more recent study on sitting posture, a
backward-leaning trunk position was noted to decrease trapezius muscle activity
(Villanueva, Sotoyama, Jonai, Hisanaga, Takeuchi & Saito, 1996).

Further research that focused on neck and head position found that increased neck
extensor tension occurred when there was a significantly greater angle of flexion. This

study determined that documents positioned flat on a table to the right or left of the
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monitor led to the greatest levels of muscle tension, while documents positioned between
monitor and keyboard or in place of monitor produced the lowest muscle tension
(Hamilton, 1996).

Jensen, Rfinsen, Sotgaard and Christensen (2002) found that the association
between mouse use and shoulder symptoms was significant when the group of call center
employees (who had minimal mouse use) were excluded from their analysis of computer
users. More severe upper torso pain and stiffness were associated with a keyboard
position that was higher than the subject’s elbows. Increased keyboard height and poor
back support significantly increase pain in the shoulder, neck, and upper back and
increase muscle activity (Faucett & Rempel, 1994; Karlgvist et al., 1999; Ryan &
Bampton, 1988; Sauter, Schleifer & Knutson, 1991).

A study on the effect of mouse location on seated posture was done without EMG
analysis and concluded that there was no significant discomfort associated with any of
the three mouse locations studied (Dowell & Gscheidle, 1997). They did not control for
upright versus reclining positions, and as a result some subjects preferred to recline while
others sat upright. They also performed a short mousing task of only twenty-five minutes
for each of the three locations. Because this task was time limited to twenty-five minutes
it may not have been long enough to elicit muscle discomfort in the subjects. Of the two
factors, time and tension, involved in static load muscle fatigue, the level of fatigue
(measured as the amount of rest necessary for recovery) increases more rapidly for time

rather than for tension (Hamilton, 1996; Onishi, Sakai & Kongi, 1982; Corlett, Wilson, &
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Manenica, 1980). Another study on mouse design by Keir et al. (1998) found similar
carpal tunnel pressure and wrist positioning in all three pointing devices studied.
Research on arm positions concluded that arm abduction led to higher levels of
muscular activity in the upper back and neck (Cooper & Straker, 1998; Karlqvist et al.,
1999; Schuldt et al., 1986). Villanueva et al. (1996) found that a backward-leaning trunk
posture led to decreased trapezius muscle activity in some subjects. Based on this
research, the ideal VDT work set-up would include the worker in a slightly backward
reclined posture working on a height-adjustable work surface that curved around the
worker's torso, providing forearm support for his or her keyboarding or mousing tasks.
This position may be similar to the position found to be beneficial in the study by Gerr,
Marcus, Ensor, Kleinbaum, Cohen, Edwards, Gentry, Ortiz & Monteilh (2002), which
found having the arms out in front of the body, supported on the work surface, to be most
beneficial. Lochridge (1998) concluded that most American workers are provided with
furniture that is designed for an upright posture only, primarily due to space limitations.
Wrist ulnar deviation has been found to be a significant predictor of arm
discomfort (Hunting, Laubli & Grandjean, 1981; Karlqvist et al., 1994; Marcus et al.,
2002; Sauter et al., 1991). Flexion and extreme extension of the wrists has been
associated with development of tenosynovitis of the flexor and extensor tendons in the
wrist and with Carpal Tunnel Syndrome (Armstrong, Martin, Franzblau, Remple, &

Johnson., 1995).
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Computer Mouse and Mouse Positioning Research

Scientific literature on pointing devices in relationship to muscular skeletal
disorders is now quite extensive. In the past, few studies have linked the use of a
computer mouse to musculoskeletal problems (Cooper & Straker, 1998). Jensen et al.
(2002) analyzed over 2579 full time employees to evaluate musculoskeletal symptoms
and duration of computer and mouse use. They found the association between shoulder
symptoms and mouse use was significant. Computer users who used the mouse for at
least half of the work time as compared to intensive computer use without a mouse (call
center employees) had significantly more hand and wrist symptoms.

Increased mouse use over keyboard use led to an increase in static positioning in
computer-aided design (CAD) work (Bystrom et al., 2002). They compared a CAD
program that utilized the mouse more frequently than a keyboard to another program that
was more keyboard-intensive and required less mouse use. They concluded that using
the keyboard more frequently is recommended to induce more movement and decrease
the extremely constrained CAD work which is traditionally very mouse intensive.
Trewin and Pain (1999) discovered that the majority of participants with various
disabilities found the mouse difficult to use. Many preferred to decrease their mouse use
and tried to avoid using it as much as they could. When computer users were studied
performing a tracking task under time pressure, the keyboard was greatly preferred over

the mouse (Jorgensen, Garde, Laursen, & Jensen, 2002).



18

Computer mouse use continues to increase and can account for up to two-thirds of
computer operation time depending on the task performed and the sofiware used (Cooper
& Straker, 1998; Johnson, Dropkin, Hewes & Rempel, 1993). Fogleman and Brogmus
(1995) investigated computer mouse use and muscular skeletal disorders to determine the
magnitude of the problem. They studied the records of the Liberty Mutual Group from
1986 to 1993 to determine how many reported claims were related to the mouse. They
found that workers’ compensation claims were often not detailed enough to arrive at the
specific cause of the claim. The brief narrations often did not differentiate between
general computer related muscular skeletal disorders claims and mouse-specific claims.
However, their evaluation of the data led to the conclusion that computer mouse muscular
skeletal disorders had been increasing rapidly.

Gerr et al. (2002) found that when the mouse wrist had radial deviation there were
increased musculoskeletal symptoms and disorders. Karlqvist et al. (1994) concluded
that keeping the mouse positioned within the span of the forearm on the desk is
recommended. The researchers also concluded that a shorter keyboard might be the
ergonomic solution for narrow-shouldered people. However, this study did not use any
alternative keyboards.

Mouse-related studies have shown that operating the mouse without forearm
support increases the load on the trapezius muscles (Aaras, Fostervold, Ro, Thoreson &
Larsen, 1997; Bystom et al., 2002; Cooper & Straker, 1998; Karlgvist, et al., 1999). A
large amount of interindividual variation in muscle load has been found in mouse users

(Cooper & Straker, 1998; Karlgvist et al., 1999).
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Training and Learning

The goal of training is to produce long-term learning and to optimize the transfer
of training to the post-training environments (Bjork, 1994). Mastery learning
methodology has been shown to be one of the most successful teaching methodologies
(Krank & Moon, 2001). It focuses on essential, need to know information, and skills that
can be used immediately (McIntosh & Sullivan, 2000). Mastery learning can include
interactive, instructor led presentations, reading printed materials, self-paced computer-
assisted programs, or a combination of these (Krank & Moon, 2001). One of the specific
techniques used in mastery learning is the use of questions. Higher level questions can be
used to get people to think more effectively and promote learning (Brothen & Wambach,
2000). Mastery learning has been found to increase participants’ learning (Krank &
Moon, 2001).

Instructor led training. Instructor led training is considered to be an effective
training method that is both time- and cost-effective (Brown, 2001). It enables the
instructor to help motivate trainees by encouraging appropriate behavior (Mclntosh &
Sullivan, 2000). Motivation is seen as crucial to learning and is sometimes assessed prior
to initiation of training (Stevens & Fiske, 1995). Instructors have the ability to ask
participants questions during training. Oral questioning during instructor led sessions has
been found to increase participants’ learning (Ralph, 1999).

Using a traditional one-time instructor led training for shortcut key training may
limit the participants’ ability to learn many shortcuts (Croasmun, 2003). One alterative is

the use of distributed practice sessions for learning shortcut keys. This type of practice
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can be done in the traditional classroom setting (more time consuming and costly) or with
the use of computer based training. Distributed practice sessions over several days or
weeks have long-term advantages (Bjork, 1994; Toppino et al., 2002).

Researchers (Shebilske et al., 1999) defined interlesson spacing as minutes to
hours between training sessions and intralesson spacing as seconds to minutes between
presentations of items within a particular study session. They studied interlesson spacing
(10 day spaced versus 2 day massed practice) and task-related processing during a
complex skill acquisition. They did not study the effect of items spaced and repeated
within the same study session. They found in experiment 1 that the participants in the
distributed interval group performed better than the participants in the massed group that
had no intervals between practice levels. This was especially evident when retention and
transfer were tested one week post training. Experiment 2 contrasted 25-minute inter-
lesson activities. One was an arithmetic task and the other a task-relevant elaboration
task designed to give participants additional learning material on the topic they were
studying. The elaboration group did better than the group that did the arithmetic task.

Babhrick, Bahrick, Bahrick, and Bahrick (1993) used intervals of 14, 28, and 56
days to test the spacing effect. They found that longer intersession intervals lead to a
slight decrease in acquisition but had greater retention. Thirteen retraining sessions
spaced at 56 days was able to produce retention similar to 26 sessions spaced at 14 days.
Retention was tested at 1, 2, 3, and 5 year intervals. This was a nine-year study in all and
involved the learning of a foreign language. Because the study only had four

participants, the results should be considered interesting but not definitive.
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Glover, Bullock, and Dietzer (1990) found that by inserting a delay after reading
an advanced organizer (with introductory material presented with a high level of
abstraction, generality, and inclusiveness) retention of the material was increased. They
studied various task-related processing in a second experiment and found no significant
difference in the scores of participants in the distraction and unsupervised conditions.
These two groups significantly recalled more material than participants in the rehearsal
condition, the immediate condition, or the control condition.

Russo and Mammarella (2002) assessed the presence or absence of a spacing
effect in a yes/no recognition memory task for words and non-words after incidental
learning focusing the attention of the participants to structural and graphic features of
targets. Half of the participants were given words as targets, and half were given target
non-words. They found that only in the non-word condition was a reliable spacing effect
observed. The researchers noted that the lack of spacing effect in the word condition may
have been due to a lack of repetition, which other studies have indicated is necessary
(Russo & Mammarella, 2002).

Toppino et al. (2002) studied whether the spacing effect could be found when
studied material consists of lists of words sampled from a single semantic category. They
found that the spacing effect in free recall can occur with homogeneous lists depending
on the number of items (lag) separating spaced repetitions. The longer lag time did not
generate a spacing effect, while the shorter lags between spaced repetitions did. Mizuno

(1997) found that for spaced learning to be more effective than massed learning, there
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needs to be repeated practice that includes the same series of items even if they are
numerous and warned that this may be hard and boring.

Though the research on the spacing effect is extensive, no specific explanation of
the spacing effect has gained general acceptance (Dempster, 1996; Toppino et al., 2002).
Though research does not often distinguish between the spacing of items during a
specific testing or study session versus the spacing effect of time with sessions being
typically a day or even several weeks apart, a review of the research shows that different
theories appear more frequently depending on whether the spacing effect being discussed
is intralesson or interlesson spacing. There is limited differentiation in much of the
research on the spacing effect between items that are spaced during the same training
lesson (intralesson spacing) versus spacing of items over hours or days (interlesson
spacing) (Shebilske, Goettle, Corrington, & Day,1999).

The two areas that appear most relevant to the interlesson (i.e., distributed
practice) spacing effects are the benefits of sleep (for interlesson sessions that have a
night of sleep between sessions) and Bjork’s proposal (1994) that the act of retrieving
information is itself a potent learning event. Bjork (1994) proposed that longer
interlesson intervals promote memory processing by actually increasing short-term
memory difficulties. By increasing the interlesson time period the retrieval strength
(current ease of access) is lowered, and this hinders performance on practice tasks in the
short run, but facilitates the growth of storage strength and enhances long-term memory

(Shebilske et al., 1999).
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Interlesson studies that include a night of sleep between sessions like the design in
this study may benefit from the effects of REM (rapid eye movement) sleep. The
function of sleep remains unknown despite an ever-increasing understanding of various
related sleep functions including thermoregulation, brain detoxification, and tissue
restoration (Maquet, 2001). Sleep has been shown to be beneficial in learning and
memory retention though the extent of this role remains hotly debated (Stickgold, 2003).
Peigneux, Laureys, Delbeuck, and Maquet (2001) reviewed sleep and memory research
and found that there are four primary experimental techniques used to test the hypothesis
that sleep leads to memory consolidation: (1) the effects of sleep deprivation following
training, (2) the learning that takes place after post-training sleep periods, (3) the effects
of within sleep stimulation on the sleep pattern and overnight memories, and (4) the
reactivation of neural structures during various stages of sleep that were engaged in the
process of learning during waking hours. Note that this last experimental technique has
been used primarily in animal research rather than in humans, due to the more invasive
type of technique needed to study brain activity. The researchers concluded that the
studies they reviewed did indeed suggest that REM and non-rapid eye movement
(NREM) sleep stages could benefit memory processes.

Walker, Brakefield, Seidman, Morgan, Hobson, and Stickgold (2003) found that
participants in a motor skill learning study showed a much larger improvement with a
behavioral skill acquisition following a night of sleep that was greater than additional

rehearsal time alone could have produced.
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Ficca, Lombardo, Rossi, and Salzarulo (2000) found that morning recall of verbal
material was impaired after a night of disturbed sleep cycles, whereas it was not impaired
after a night with preserved sleep cycles. They tested both REM and NREM sleep cycles
and found no difference in the group that had decreased NREM sleep. Colin, Morais, and
Kerkhofs (1999) found that REM sleep benefited an explicit memory task (recognition)
but not an implicit memory task (word stem completion). However, the researchers point
out that due to their small sample size of 10 subjects, their results need to be confirmed
by a larger population size.

Computer based training. Increased use of computer based training is often seen
in businesses today. Computer based training programs can be web based or run from an
instructional CD-ROM. Computer based learning can decrease costs and give the learner
greater control (Brown, 2001). Greater control is not necessarily better, since research
shows that an employee working on his or her own without an instructor may choose to
not finish computer based training and may not spend an adequate amount of time with
the course (Brown, 2001; Desai et al., 2000). Williams and Zahed (1996) found that
participants who took computer based training had greater retention of material one
month post training versus those who were given a traditional lecture.

Desai et al. (2000) found that individuals preferred instructor based learning over
computer based learning. However, their study population included many adults who had
little computer experience. Studies with students as participants have found a strong
preference for computer based learning, especially in the beginning phases of the learning

process (Greiner, 1991; McKinnon, Nolan, & Sinclair, 2000).
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While there is much research on the use of computer based training in university and
higher education, there has been less research done in the vocational setting (Sambrook,
Geertshuis, & Cheseldine, 2001). Sambrook et al. (2001) argue that as internet and
computer use at home increases there will be more and more computer based programs
and a need to develop computer based programs that are engaging and efficient in
enhancing learning, knowledge acquisition, and skills development.

Williams and Zahed (1996) conducted a vocational computer based training study
and found that participants who took the computer based training had greater retention of
material one month post-training versus those who were given a traditional lecture. They
used a repeated measures (pretest X two posttests) design with two groups (traditional
lecture versus computer based training). They used the Computer Anxiety Index (CAIN)
for those in the computer based training and found that there was no correlation between
computer anxiety and learning. They also found no correlation between educational level
and learning. Their groups consisted of both college and high-school-only graduates.
There was no significant difference between the two groups on satisfaction with the
training experience.

Brown (2001) evaluated how individual differences affect learning when
computer based training is utilized. The study was performed at a Fortune 500
manufacturing firm and consisted of 78 technical employees. The training was strictly
computer based (i.e., no live instructor), and the course material included quizzes with
multiple choice and short answer questions. Extensive individual characteristics were

measured to determine the employees' level of goal orientation. The researcher looked at



26

high and low self-efficacy traits in individuals and found that (as expected) individuals
with low efficacy had shorter practice time than individuals with high levels of self-
efficacy. They were surprised to find that age, education, and computer experience were
not strongly associated with learner choices. They concluded that individual differences
did not predict practice and time on task effectively.

BrainX sofiware. BrainX software, which was developed by five learning experts, is
software that automates expert learning strategies like spaced learning, self-evaluation,
and on-demand assistance in the form of hints and explanations (Barth, 2001). It is used
primarily by students in order to prepare for tests and to learn any type of material.
Individuals using BrainX can do so on multiple occasions (i.e., distributed practice). The
software is engaging, uses principles of mastery learning methodology (including the
extensive use of questions), and can be used by individuals on a self-paced basis, and
may result in cost savings. Mastery learning and the use of questions have been shown to
be very effective in increasing learning (Brothen & Wamback, 2000; Krank & Moon,
2001). The use of questions that have no penalty in computing the final score increases
motivation and allows individuals to learn from their mistakes (Garver, 1998). BrainX is
designed to allow individuals to score their own tests and utilizes questions to enhance
learning. Brothen and Wamback (2000) studied the use of factual study questions to
guide reading and promote mastery learning. The participants in this study who
completed 96% of the study question assignments scored high, while those who did not
did poorly on their quizzes. The use of questions is also known sometimes as the testing

effect. Kuo and Hirshman (1996) investigated the testing effect and determined that
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superior leaning occurred from testing. They used a four-factor within subject design.
Trial type (study versus test) was manipulated for four intervening trials. Both the study
and test trials were self-paced and conducted individually with the material (a total of 64
three-item lists divided into 16 sets of 12 words each) presented on a computer screen.
After completing all 64 experimental lists, a retention interval of five minutes occurred.
Participants were asked to write down all the names of the U.S. states during this time.
Then a free-recall test was given and participants were asked to recall and write down all
the previously presented words they could remember. The result of the experiment was
test trials produced better performance than the study trials.

Brain-X software can be used to test specifically for the spacing effect or
distributed practice effect since an individual can take any session any time. The
software is also beneficial in increasing individual’s practice time. Practice and time on
task are two recognized important components of learning (Bell & Kozlowski, 2002;

Brown, 2001).
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Method

Overview

Computer users were trained to use shortcut keys in an instructor led classroom
setting. With each trainee, the training session was followed by one of two modes of
practice: distributed or massed. Each practice mode was supported by the use of BrainX
software and was used to learn shortcut keys. The software was administered with either
(a) four massed practice sessions done back to back all on the same day, or (b) as
distributed practice sessions with the first session given the first day and one consecutive
session done each additional day for a total of four days.

The training protocols were selected for their practicality, cost-effectiveness, and
their potential to be effective. Both computer based learning and instructor led training
can decrease the cost of training and be effective (Brown, 2001). Supervising the
computer based training ensured that the participants would complete all the study
sessions. Research shows that employees working on their own without an instructor
may choose to not finish computer based training and may not spend an adequate amount
of time with the course (Brown, 2001; Desai, Richards, & Eddy, 2000). By using BrainX
software, practice time was increased. Practice and time on task are two recognized
important components of learning (Bell & Kozlowski, 2002; Brown, 2001). In addition,
the use of questions in both the instructor led training and BrainX computer based
sessions was utilized to increase learning and motivation. The use of questions that have

no penalty in computing the final score increases motivation and allows individuals to
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learn from their mistakes (Garver, 1998). Pretraining and post training test scores were
analyzed for statistical and practical significance.
Participants

Participants were volunteers from the Santa Clara Water District. The District’s
regular or interim employees were allowed to participate in this study. Office assistants
and managers were asked to volunteer to participate in the study. Volunteering
participants were assigned to either condition based on their schedule and therefore were
not randomly assigned. This was done because many employees of the District have
alternating Fridays or Mondays off and therefore could not attend the distributed practice
session. The types of employees working in the alternating Fridays or Mondays off are
the same as those in the district who work a regular Monday through Friday shift.
Volunteers with alternating Fridays or Mondays off were placed in one of the two massed
training sessions.

Prior to the training, participants were sent a Background Questionnaire
(Appendix A) and the Rogers Shortcut Key Test (Appendix B) to identify their baseline
knowledge of shortcut keys. Participant privacy was strictly maintained by using
numbers to identify participants. Original documents with names were locked and stored
by the experimenter at a remote location.

Instruments

Background Questionnaire. The Background Questionnaire (Appendix A)

consisted of 11 questions regarding educational level, computer and Microsoft Word™

experience, daily computer time, physical discomfort, workers’ compensation history (if
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any), and level of motivation. The Background Questionnaire’s questions were later
analyzed to assess the similarities between the two groups with respect to computer and
Microsoft Word™ experience, daily computer time, and level of motivation and physical
symptoms. In addition, the results of the Background Questionnaire were analyzed in
order to determine whether the level of education, computer experience or motivation
may have affected the percentage of increase in test scores. Motivation was assessed by
asking the participants how they rated their own motivation level, with 1 indicating a low
level of motivation, 2 indicating a moderate level of motivation, and 3 indicating a high
level of motivation (see Appendix A).

Rogers Shortcut Key Test. The Rogers Shortcut Key Test (Appendix B) as well
as a Rogers Short Test (Appendix C) was developed for this study. The material
developed consisted of primary shortcut keys that work in Microsoft Word™. This was
done in order to keep the material appropriate for the participants and to help control the
study. Three shortcut key experts were consulted for content validity. They reviewed all
of the shortcut key material in the study and helped select shortcut keys that were
considered to be the most valuable and easiest to use (i.e., the most intuitive). They also
assessed the wording of test questions and the BrainX material. The Rogers Shortcut
Key Test consisted of 28 questions with five different options for the answer: (a) Ctzl +

, (b) Alt + , (¢) Function , (d) Other and (e) a check box that

said “Don’t know” below each question. There was only one right answer for each

question, and the raw score was the number of items on the test (i.e., 28). This test was
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given two weeks prior to any training (pretraining) and own week after all training
sessions (one week post training).

Rogers Short Test. The Rogers Short Test (Appendix C) consisted of 12
questions that were taken from the longer Rogers Shortcut Key Test and utilized the same
format. This test was given immediately prior (as the pretest) and right after the
instructor led training (as the posttest) to assess for training similarity between all training
sessions.

BrainX software. BrainX software, which is software that automates learning
strategies such as spaced learning, self-evaluation, and on-demand assistance, was
utilized in this study. It was used for both the massed and the distributed practice
sessions following the instructor led training. BrainX software was used to test for the
spacing effect (i.e., to determine whether distributed practice was substantially more
beneficial than massed practice), and to increase practice time and help participants learn
additional shortcut keys. Material from the Rogers Shortcut Key Test was used to
develop the BrainX material used in the study. The first BrainX practice session had 12
questions (see Appendix D); the second session had 18 questions (including the original
12 questions from the first session). The last two sessions had 29 questions.

The main control with BrainX was the procedure in which it was used. All
participants were instructed to go through each session following these steps: (a) review
all material of each current session in the BrainX software, (b) take a BrainX practice test
(see Appendix D) presented by BrainX, and (c) take a session review test (see Appendix

D) also presented by BrainX. Additional study tools regarding each session’s questions
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was added in the BrainX “Explanation” sections (see Appendix D) and in the “Answer
Hint” sections that participants were allowed to use if needed. These study tools were
designed to help participants identify the correct answer to each question. Verbal
Instructions (Appendix E) on how to use BrainX software were developed for the
instructor led training. In addition, Basic BrainX instructions (Appendix F) that have
been developed by BrainX software were used as written handouts for the instructor led
training.

PowerPoint™ presentation. A PowerPoint™ presentation (Appendix G) was
developed for the instructor led training. The material developed used the principles of
mastery theory (emphasizing demonstrations and a questioning approach). The course
material was designed to be relevant to the participants, practical in substance, and
engaging. This presentation covered shortcut key use, the reasons it is necessary to have
a healthy typing style, and proper hand and finger positioning while typing shortcut keys
(e.g., it is important to avoid the awkward positions that result when one tries to reach
certain key combinations with one hand).

Computer workstations. Each participant had an adjustable chair and adjustable
keyboard tray with a freestanding central processing unit (CPU) and monitor, standard
keyboard, and a mouse. Participants had the opportunity to adjust the keyboard trays and
chairs if they wished to, but no specific ergonomic modifications were made.

Procedure
Overview. Approval from the Human Subjects Board was obtained from the

office of Graduate Studies and Research at San Jose State University prior to the
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beginning of the experiment (see Appendix H). Once participants had expressed interest
in participating in the study, they were contacted in order to determine which training
would work best for them based on their availability and work schedule. They were then
sent a packet that had the Background Questionnaire (Appendix A) and the Rogers
Shortcut Key Test (Appendix B), as well as general information about the training (i.e.,
time and location and general instructions). Participants either mailed the Rogers
Shortcut Key Test and Background Questionnaire back to the investigator or brought it to
the first day of training. Participant privacy was strictly maintained by using numbers to
identify participants. Original documents with names were locked and stored by the
experimenter at a remote location.

The Rogers Shortcut Key Test scores (pretraining) were assessed to determine
participants’ baseline knowledge of shortcut keys and were later evaluated to determine if
any participant had a score of 70% or better. Participants with scores in this range would
have had their data excluded from the study, since these participants would not have
benefited substantially from this study’s training protocol. However, none of the
participants had a score of 70% or better on the Rogers Shortcut Key Test (pretraining),
so all participants’ test scores were analyzed in this study.

All participants were given four practice sessions supported by BrainX software
in either a massed format (on the same day of the instructor led training) or in a
distributed format (one session per day starting on the day of the instructor led training).
Before any of the training sessions, participants were asked to review and sign a written

consent form (Appendix I that discussed the study’s requirements, risks and the



34

compensation they were to receive for participating in the study. All participants were
also given a copy of the BrainX software as part of their compensation and a list of
shortcut keys (Appendix J). In addition, they were entered into a raffle to win a $100.00
VISA gift card that would be awarded to one participant upon completion of the study.
The experiment was conducted in a computer lab at the Santa Clara Water District.
Instructor led training. Training presentation and materials were developed with
the principles of mastery theory (emphasizing demonstrations and a questioning
approach) used to design and conduct the training. The course material was designed to
be relevant to the participants, practical in substance, and engaging. Specific verbal
instructions (Appendix K) for the instructor led training were developed. The instructor
led training and all BrainX computer based practice sessions (see Appendix D for an
example session) were conducted in a computer lab. Each participant had exclusive
access to a single computer. The instructor used a PowerPoint™ presentation (Appendix
G) that was projected at the front of the training room. This presentation covered
shortcut key use, the reasons it is necessary to have a healthy typing style, and proper
hand and finger positioning while typing shortcut keys (e.g., it is important to avoid the
awkward positions that result when one tries to reach certain key combinations with only
one hand). The instructor demonstrated shortcut key usage in order to increase individual
learning and participants’ motivation. Participants were instructed on approximately 14
shortcut keys during the 45-minute instructor led training session. The instructor led
training began with the administration of the Rogers Short Test (Appendix C) and a brief

introduction stating that the purpose of the study was to look at the use of shortcut keys
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as a computer tool. No reference to the spacing effect was made in order to prevent

biased behavior.
Prior to training
Rogers Shortcut Massed Practice
Key Test and __—"%  Participants
Background
Questionnaire
iven to all s .
& T Distributed Practice
Participants
Training Day
Massed
Rogers Short Instructor led Rogers Short P Practice
All Participants Test - Training 45 — Test - post
pre-training minutes training
T Distributed
Practice
Training Day
Retention interval
for Massed (1 week)
Massed BrainX Intro 4 consecutive Rogers
—® Practice 15 mins BrainX sessions —> Shortcut Key
Test
Retention interval
for Distributed (1 week)
Distributed BrainX Intro 3 additional BrainX Rogers
—® Ppractice 15 mins & sessions 1 per day —> Shortcut Key
First BrainX on first 3 work days Test
session following training
class

Figure 1. The study’s procedural steps for the experiment with specifics regarding all

steps in the selection, training and testing of all participants, and differences between the

two conditions defined.
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Massed practice condition. Two separate but identical instructor led training
sessions were held for 14 participants of the massed practice condition. The first session
had eight participants and the second had six participants. Participants took the training
in a computer lab that had 10 computer workstations. The training began with the
administration of the Rogers Short Test (Appendix C) followed by a 45-minute instructor
led training on shortcut keys. After the instructor led training, participants were given the
Rogers Short Test (Appendix C). They were then given a 15-minute introduction to
BrainX software followed by a 5-minute break. Next, the four BrainX sessions were
completed consecutively without breaks or interruptions. One week after training and the
practice sessions, the massed practice participants returned to take the Rogers Shortcut
Key Test (Appendix B).

Distributed practice condition. Two separate but identical instructor led trainings
(identical to one another and also to the trainings provided to the massed practice
participants) were given to 13 participants who comprised the distributed practice group.
There were 10 participants in the first session and three participants in the second session.
Like the massed practice groups, these two groups took the Rogers Short Test before and
after the instructor led training. They were then given a 15-minute introduction to
BrainX software and a short break. The participants returned and took the first BrainX
session in the computer lab, which ended their training schedule for that day. They
returned to the computer lab at the same time for the next three days, completing all four
BrainX practice sessions. One week after the fourth and final BrainX session, they

returned to take the Rogers Shortcut Key Test.
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Design. The study incorporated a 2x2 repeated measure with a between subject
variable (practice schedule) and a within subject variable of time of test. The between
subject variable was manipulated following an instructor led training. The dependent
variable was the test scores from the Rogers Shortcut Key Tests (Appendix B).

Analysis

The means of all test scores were calculated from the Rogers Short Test
(pretraining) from the Rogers Short Test (post training) in both the distributed and
massed practice groups. These were further analyzed by ANOVA to test for variance and
to determine if one practice group learned more shortcut keys than the other. In addition,
the interaction between spacing of practice and time of test was tested by ANOVA.

In order to assess the similarity of the four training sessions and the similarity
between each of the instructor led trainings (which were designed to be exactly the same
in each session), The means from the Rogers Short Test scores (pretraining) and the
Rogers Short Test Scores (post training) of each instructor led training were compared to
each other and analyzed by ANOVA. Descriptive statistics on the Background
Questionnaire (computer experience, Microsoft qudTM experience, motivation) were

calculated to check the data and determine any trends.
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Results

There were 27 participants (26 female and 1 male) between the ages of 27 and 63
(M = 44.25). There were 13 participants in the distributed practice group and 14
participants in the massed practice group. The average age in the distributed practice
group was 44.77 years and the average age in the massed practice group was 43.73.
Three participants in the massed practice group failed to list their age and therefore their
age demographics could not be included in the analysis.
Background Questionnaire

Analysis of the data collected from the Background Questionnaire was conducted
to assess the similarity of the massed and distributed practice groups as well as to assess
for any trends. Education level, years of computer experience, years of Microsoft
Word™ experience, and motivation were compared between the two conditions by
analyzing their frequencies (Table 1).

The level of education among the distributed group participants was as follows:
7.7 % had high school only, 53.8% had some college, 23.1% had a bachelor’s degree, and
15.4% had a master’s degree. The level of education among the massed group
participants was as follows: 0% had high school only, 57.1% had some college, 35.7%
had a bachelor’s degree, and 7.1% had a master’s degree. The years of computer
experience were distributed across less than 10 years experience and greater than 10
years experience. The distributed groups’ participants had 23.1% with less than 10 years

of computer experience and 76.9% with greater than 10 years of experience. The massed
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groups’ participants had 21.4% with less than 10 years of computer experience and

78.6% with greater than 10 years of experience.

Table 1

Results from the Background Questionnaire with frequencies from both groups

%

Distributed Massed

%

Education Level

High School 7.7

Some coliege 53.8 57.1

Bachelor's 231 35.7

Master's 15.4 71
Years of computer use

Less than 10 years 23.1 21.4

Greater than 10

years 76.9 78.6
MS Word ™ experience

1-4 years 15.4 214

5-9years 61.5 42.8

10+ years 23.1 35.7
Motivation level

Medium 30.8 42.9

High 69.2 571
Age M M

44.8 43.73

Microsoft Word™ experience was broken down into the following categories: 1 —

4 years, 5 — 9 years, and 10+ years. The distributed practice group had 15.4% of its

participants in the 1 — 4 years category, 61.5% in the 5 — 9 years category, and 23.1% in

the 10+ years category. The massed practice group had 21.4% of its participants in the 1
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— 4 years category, 42.8% in the 5 — 9 years category, and 35.7% in the 10+ years
category.
Table 2

Microsoft Word™ Experience in Distributed and Massed Groups

Microsoft Word™ Experience 1—4 years ;e;r9s 10+ years
Distributed Group
15.4 61.5 23.1
Massed Group
214 42.8 35.7

Participants were also asked to rate their level of motivation as low, medium, or
high. In the distributed practice group, 30.8% listed their level of motivation as medium
and 69.2% listed their level of motivation as high. In the massed practice group, 42.9%
listed their level of motivation as medium and 57.1% listed their level of motivation as
high.

ANOVA and the Rogers Shortcut Key Tests

Three 2-way ANOV As were conducted using SPSS 11.5 with the between subject
variable schedule of practice and the within subject variable of time of test. In addition,
ANOVA was used to test for interaction between the two independent variables. The
dependent variable was the scores of the Rogers Shortcut Key Tests. The maximum raw
score possible was 28 with one point per question. The first analysis done to test the

schedule of practice variable was conducted in order to answer the first research question
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regarding whether there would be no difference in the scores of the Rogers Shortcut Key
Tests in the distributed practice group versus the massed practice group.

As depicted in Figure 2 the mean score of the distributed group’s Rogers Shortcut
Key Test (pre training) was 10.08 and the mean score of their Rogers Shortcut Key Test
(post training) score was 21.00. The mean score of the massed group’s Rogers Shortcut
Key Test (pre training) was 9.36 and the mean score of their Rogers Shortcut Key Test
(post training) score was 17.5. The analysis of the mean values of both tests between the
two groups (massed and distributed) did not show a significant effect for type of practice,

F(1,25 )= 1.92, non sig.

T —

8 I . | | ——Pre-Training
5 ...
?
.§ - —az— One Week
& Post
el e
Distibuted Massed

Figure 2. Test scores of Rogers Shortcut Key Tests pretraining and post training in

distributed and massed groups.

The second analysis was done to answer the second research question regarding
whether time of test will affect the Rogers Shortcut Key Test scores. Further, a

significant time of test main effect was found F(1,25 )= 132.41, P <.05. Depicted in
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Figure 3, the means of the Rogers Shortcut Key Test scores for distributed groups’ one
week post training score (M=21.00, SD=5.13) and the massed groups’ one week post
training score (M= 17.7, SD=4.77) was significantly higher than the distributed groups’
(M=10.08,SD=4.69) pretraining score and the massed groups’ (M=9.36,SD=3.25)

pretraining score.

—o— Distributed
—a— Massed

Test scores

Pre-Training One Week Post

Figure 3. Test scores of Rogers Shortcut Key Tests for the pretraining time of test and

the one week post training time of test for the distributed and massed groups.

The third analysis was done to test for interaction between the two independent
variables of spacing of practice and time of test. This was done in order to see if there
was an interaction of the two independent variables on the scores of the Rogers Shortcut
Key Tests. The analysis of all of the means did show a significant effect for interaction
between type of practice and time of test, F(1,25 )= 362.42, P < .05. The variance table
(see Table 3) indicates a large interaction between the spacing of practice and time of

test. In addition, it indicates that training had a significant effect on time of test.
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Variance Table
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Source of Variation SS

Rows (Rogers Shortcut Key

scores) 1225.16

1225.16

132.41%%%

Columns (Practice type between

groups) 60.02

60.02

1.92

Interaction (Practice type versus

shortcut key scores) 11312.16

11312.16

362.42%%*

Within (Massed versus

distributed within group) 26.05

23

1.13

2.82

Total 12623.39

26

Supplemental Analysis

In order to assess whether the instructor led training was consistent for all four

sessions, a one-way ANOVA was conducted on the raw score change in the Rogers Short

Test (post training) from the Rogers Short Test (pretraining) for all four sessions (two

distributed and two massed). The mean for the raw score change for the distributed first

session was 3.00. The mean for the distributed second session was 2.33. The mean for

the raw score change for the massed first session was 3.63. The mean for the massed

second session was 3.67. There was no significance (p< .05) in the means of any of the

four sessions.
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Summary of Analysis

The main condition of schedule of practice was not significant. The main
condition of time of test was significant and the dependent variable of test scores was
affected by this within subject variable. There was a significant interaction between the
two independent variables spacing of practice and time of test. There was no significance
(p< .05) in the mean scores of the Rogers Short Tests between any of the four instructor

led sessions.
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Discussion

The purpose of this study was to evaluate the influence of schedule of practice
(massed versus distributed) on the learning of shortcut keys. Distributed practice
sessions over several days or weeks have long-term advantages (Bjork, 1994; Toppino et
al., 2002). Participants received instructor led training followed by the BrainX practice
sessions in either a massed or distributed format. Both of these training protocols used
principles of mastery learning, primarily with the use of questions in order to increase
learning. Questions can be used to get people to “think™ more effectively and promote
learning (Brothen & Wambach, 2000). In order to assess shortcut key knowledge gain
and retention, the Rogers Shortcut Key Test was given two weeks prior to any training
and compared to the Rogers Shortcut Key Test that was given one week after the
completion of all the BrainX practice sessions. The test scores from both pre training and

post training tests were compared with two-way ANOVA.

The hypothesis stating that spacing of practice will not affect the Rogers Shortcut
Key Test was supported by the results of the test scores. Therefore, the null hypothesis
stating that spacing of practice will not affect the Rogers Shortcut Tests was accepted.
The second hypothesis stating that time of test will not affect the Rogers Shortcut Tests
was not supported by the results of the test scores. Test scores indicated that learning of
shortcut keys did occur. Therefore the null hypothesis was rejected.

The hypothesis that there would not be an interaction between spacing of practice
and time of test on the Rogers Shortcut Key Tests was not supported by the results of the

study and the null hypothesis was therefore rejected. The source for the interaction is
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unclear since the main effect of massed versus distributed was not significant. Time of
test had a strong effect on the dependent variable of test scores and may be primarily
responsible for the interaction.

In regards to the fact that the spacing of practice did not have a significant effect
on test scores, one factor that may have affected the study is the fact that the massed
practice group had a larger percentage of individuals with more than 10 years of
Microsoft Word experience (35.7%) than the distributed group (23.1%). The higher
baseline knowledge of Microsoft Word™ could have made the learning process easier for
participants in the massed condition. A likely reason is that Microsoft Word™ uses a
substantial number of shortcut keys and anyone with knowledge of Microsoft Word™
most likely will know many of them. Two participants in the massed practice group had
a substantial gain; they learned 15 new shortcut keys (a 54% increase) from the training
and the BrainX practice sessions.

Another factor that may have affected the results of the study is that the retention
time of one week may not have been long enough to show a significant difference
between the spacing of practice effect. However, past research by Shebilske et al. (2000)
found that participants in the distributed interval group performed better than the massed
group when retention and transfer were tested one week post training. On the other hand,
Bahrick et al. (1993) found that retention improved with longer intersession intervals
which included sessions that were spaced at 56 days.

Since both the massed and distributed group had the instructor led training as well

as BrainX sessions, the instructor led trainiz

1g may have affected the results of the test
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scores. The instructor led training was given just one week prior to the final
administering of the Rogers Shortcut Key Test. Instructor led training is considered to be

an effective training method that is both time- and cost-effective (Brown, 2001). Some of

the learning may have occurred from this training especially since the Rogers Shortcut
Test was given only one week after this training.

In order to assess that the instructor led trainings were similar supplemental
analysis was done by comparing the means of each one of the four training sessions to all
of the other sessions by ANOVA. Results indicated that each of the four instructor led
training sessions were similar in nature. Therefore, the results of the primary analysis
that looked at the Rogers Shortcut Key Test scores of the distributed and massed groups
should be valid and perhaps indicates that the study had internal validity. Why this study
did not get a significant main effect for spacing of practice is unclear and needs to be
researched further. The spacing effect has been shown to increase learning over chunked
or massed distributed information (Bahrick et al.,, 1993; Mizuno, 1997; Russo &
Mammarella, 2002; Shebilske et al., 1999).

Since only 12 shortcut keys were used in the instructor led training this cannot
account for all of the learning that occurred, as evidenced by the scores of the Rogers
Shortcut Key Test (one week post training). Because BrainX software was used to teach
all 28 shortcut keys and test scores increased significantly from the first time the Rogers
Shortcut Key Test was given (pre training) to the final time it was given (one week post),
the BrainX software, along with the instructor led training, appears to have been

significant for teaching participants shortcut keys.
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To better understand the time on test variable as well as the spacing of practice
variable and how the two interact, future research is needed. A future study that utilizes
just the four BrainX software study sessions without the instructor led training would
help to understand the specific effects of using this software. Evaluating training in
which participants received just the instructor led training and a list of shortcut keys to
study for one week on their own without any controlled practice sessions or without the
aid of BrainX software would also help determine how strong of an effect the instructor
led session has on learning.

Results from this study indicate that both training protocols (instructor led
training combined with either a massed versus distributed practice session presented by
BrainX software) are effective training protocols for the learning of shortcut keys. There
was no control group in this study, since it was assumed that participants would learn
some shortcut keys from any training.

The limitations of this study included the small number and variety of participants
(including only having one male participant). Another possible limitation may have been
the way in which the participants were selected, since they were not assigned to groups
randomly. Further experimentation on this topic may include more participants from a
wider background of professional fields, vary the length of shortcut key lists to be
learned, and vary the setting (e.g., have the BrainX sessions at individual’s workstations

rather than a computer lab).

In summary, distributed practice sessions presented by BrainX software were not
significantly more effective in training individuals on shortcut keys than massed practice

sessions presented by BrainX software. Massed practice sessions presented by BrainX



may perhaps be as effective as distributed sessions and could be beneficial in teaching

shortcut keys to computer users.
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Appendix A
Background Questionnaire
Responsible Investigator(s): Deidre Rogers, RN, CAE
Title of Protocol: Evaluation of Training on Shortcut Keys

Introduction: In order to select participants for this study we need prospective
participants to complete the following demographic and research related information. if
you are selected to participate in this study you will receive a consent form that
describes the study in detail and compensation for your participation. Please circle your
answers and fill in the blanks when appropriate. We estimate that participants will spend
approximately 2 ¥ — 3 hours total for this study and refreshments will be served on those
days in which participants receive the bulk of the training or testing.

1. What is your educational level?
a) Highschool
b) High school & some college (list number of years)
c) College (BS,BA)
d) College (BS,BA) & some graduate level classes (list number of years)
e) College (MS, MA, or equivalent - please describe)
f) College (Ph. D)
g) Other (e.g., specialty licensing, vocational training, etc.)

2. How long have you used a computer?
a) More than three years?
b) More than ten years?

3. Are you familiar with M.S. Word? Yes/No How long have you used the software?

4. How long have you used a computer pointing device (e.g., computer mouse)?
a) More than one year?
b) More than three years?

5. Describe your knowledge and level of proficiency with shortcut key use (i.e., Alt keys,
Ctrl keys, etc.)

a) Low

b) Medium

¢) High (if high, please describe in more detail)

6. How many hours per day do you average working on the computer for?
a) 1 -3 hours per day
b) 4 hours per day
¢) 5 or more hours per day (please describe in more detail)

Participants Initials
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8. What is your work shift and official Schedule (A, B, etc.)?

9. Have you had any recent physical discomfort in your arms, shoulders, neck or upper
back?
if yes, please explain:

10. Have you ever had a Workers’ Compensation claim for problems relating to the
before mentioned areas of the body (e.g. arms, shoulders)? Yes/No
If yes, please explain briefly:

11. How would you rate your level of motivation at this time to learn shortcut keys (and
decrease your overall mouse use)?

a) Low

b) Medium

¢) High (if high, please describe in more detail)

Thank you for completing this screening questionnaire. Please give us your name
and the best way to reach you (phone, email). We will inform you if itis
appropriate for you to participate in this study within two weeks.

Name Date

Best way to get in touch

Participants Initials
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Appendix B

Your #

Note: While there are separate specific keys on a keyboard for Ctrl, Shift, and Alt, there is NO
specific key that is known as a “Function key”. The term function key(s) refers to all the F keys
(F1 — F12) that run along the top of your keyboard.

Rogers Shortcut Key Test
How do you highlight/select an entire document?

Ctri+ Alt+ Function Other Don’t know []
Key Key Key

Which shortcut key combination is used to bold highlighted text?

Ctrl+ Alt+ Function Other Don’t know [_]
Key Key Key

Which shortcut key combination allows you to italicize highlighted text?

Ctrl+ Alt+ Function Other Don’t know []
Key Key Key

Which shortcut key combination will allow you to save a document (or save any new changes or
additions to a document you are working on)?

Ctri+ Alt+ Function Other Don’t know [_|
Key Key Key

Which shortcut key combination is used to copy highlighted text?

Ctri+ Alt+ Function Other Don’t know [_]
Key Key Key

Which shortcut key combination is used to cut highlighted text?

Ctrl+ Alt+ Function Other Don’t know [
Key Key Key

What is the quick way to bring up a new blank document (using a shortcut combination)?

Ctri+ Alt+ Function+ Other Don’t know [_]
Key Key Key




16.

1.

12.

13.

14.

15.

16.

17.
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Which shortcut key combination is used to paste text?

Ctrl+ Alt+ Function Other Don’t know [_]
Key Key Key

Which shortcut key combination will allow you to print a document?

Ctri+ Alt+ Function Other Don’t know [_]
Key Key Key

When you are in Microsoft Word and want to open a document, the quickest shortcut key
combination is

Ctrl+ Alt+ Function Other Don’t know [
Key Key Key

Which shortcut key will allow you to “Save As”?

Ctr+ Alt+ Function Other Don’t know []
Key Key Key

Which shortcut key combination allows you to undo what you have just typed?

Ctrl+ Alt+ Function Other Don’t know [
Key Key Key

Which shortcut key combination allows you to rede what you have just undone?

Ctrl+ Alt+ Function Other Don’t know []
Key Key Key

Which shortcut key combination is used to underline highlighted text?

Ctrl+ Alt+ Function Other Don’t know [_]
Key Key Key

How do you exit Microsoft Word and almost all other programs you have open?

Ctri+ Alt+ Function Other Don’t know []
Key Key Key

What shortcut key combination, will allow you to close a document in Microsoft Word (but keep
the program open)?

Ctrl+ Alt+ Function Other Don’t know [_]
Key Key Key

Which shortcut key do you use to minimize all open windows (i.e., programs)?

Curl+ Alt+ Function Other Don’t know [_]
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Key Key Key

18. Which shortcut key combination will allow you to toggle between programs (i.e., briefly view all

open programs and documents) in all open programs?

Ctri+ Alt+ Function Other Don’t know [_]
Key Key Key
19. If you want to close any active command window (or cancel an action) you can type the
key.
Ctrl+ Alt+ Function Other Don’t know [_]

20.

21.

22.

23.

24.

25.

26.

Key Key Key
Which shortcut key combination will allow you move the cursor one word to the left?

Ctri+ Alt+ Function Other Don’t know []
Key Key Key

Which shortcut key combination will allow you move the cursor to the beginning of the line?

Ctri+ Alt+ Function Other Don’t know [
Key Key Key

Which shortcut key combination will allow you move the cursor to the end of the line?

Ctri+ Alt+ Function Other Don’t know []
Key Key Key

How do you move the cursor to the beginning of the current document?

Ctrl+ Alt+ Function Other Don’t know [_]
Key Key Key

How do you move the cursor to the end of the current document?

Ctrl+ Alt+ Function Other Don’t know [_]
Key Key Key
If you want to highlight/select a word to the right of the cursor, which shortcut key combination
would you use?
Ctrl+ Alt+ Function Other Don’t know [_]
Key Key Key

Which shortcut key combination will bring up the File pop down menu in Microsoft Word?

Ctri+ Alt+ Function Other Don’t know [_]
Key Key Key




27. Which shortcut key combination will bring up the Font Dialog Box?

Ctrl+ Alt+ Function Other
Key Key Key

28. Which shortcut key combination will give you a Page Break?

Ctrl+ Alt+ Function Other
Key Key Key

66

Don’t know [_]

Don’t know [_]
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Appendix C

Rogers Short Test

Note: While there are separate specific keys on a keyboard for Crrl, Shift, and Alt, there is NO
specific key that is known as a “Function key”. The term function key(s) refers to all the F keys
(F1 — F12) that run along the top of your keyboard.

How do you highlight/select an entire document?

Ctrl+ Alt+ Function Other Don’t know [_]
Key Key Key

Which shortcut key combination is used to bold highlighted text?

Ctri+ Alt+ Function Other Don’t know [_]
Key Key Key

Which shortcut key combination allows you to italicize highlighted text?

Ctrl+ Alt+ Function Other Don’t know [_]
Key Key Key

Which shortcut key combination will allow you to save a document (or save any new changes or
additions to a document you are working on)?

Ctrl+ Alt+ Function Other Don’t know [_]
Key Key Key

Which shortcut key combination is used to copy highlighted text?

Ctrl+ Alt+ Function Other Don’t know [_]
Key Key Key

Which shortcut key combination is used to cut highlighted text?

Ctrl+ Alt+ Function Other Don’t know [_]
Key Key Key

What is the quick way to bring up a new blank document (using a shortcut key combination)?

Ctrl+ Alt+ Function Other Don’t know [_]
Key Key Key
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11.

12.
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Which shortcut key combination is used to paste text?

Ctrl+ Alt+ Function Other Don’t know [_]
Key Key Key

Which shortcut key combination will allow you to print a document?

Ctrl+ Alt+ Function Other Don’t know [_]
Key Key Key

Which shortcut key combination allows you to bring up the Font “Dialog Box™?

Ctrl+ Alt+ Function Other Don’t know [_]
Key Key Key

Which shortcut key combination will allow you to “Save As™?

Ctrl+ Alt+ Function Other Don’t know [_]
Key Key Key

Which shortcut key combination allows you to undo what you have just typed?

Ctrl+ Alt+ Function Other Don’t know [_]
Key Key Key
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Appendix D

BrainX Digital Learning System
Study Session of KnowledgeBase: Session 1

Record # 1
Question/Fact:
How do you highlight/select an entire document?
Answer:
Crl& A
Explanation:
Highlights entire document (including any graphics).
Record # 2
Question/Fact:
What is the shortcut key combination used to bold highlighted text?
Answer:
Cirl&B

Explanation:

Can be used to bold a word, a sentence, a selected piece of a document, or an entire document.
Record # 3
Question/Fact:

What is the quick way to bring up a new blank document (using the Ctrl key)?

Amnswer:

Cirl &N

Explanation:

Use to bring up a blank new document in MSWord.
Record # 4
Question/Fact:

Ctrl & P will do what?
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Answer:

Print a document

Explanation:

Used to bring up your print menu, so you can print a2 document. You still can change number of items to be printed, select
pages, etc. prior to printing.

Record # 5
Question/Fact:
Which shortcut key combination is used to copy highlighted text?

Amnswer:

Crl&C

Explanation:

Used to copy a selected portion or the entire document (if the entire document is highlighted/selected).

Record # 6

Question/Fact:

Which shortcut key combination is used to cut highlighted text?
Answer:

Cil &X

Explanation:

Can be used to cut selected portion of a document.

Record # 7

Question/Fact:

Which shortcut key combination is used to paste text that has been copied to the
clipboard?
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Answer:

Col&V

Explanation:

Any thing you have copied in MSWord can be quicky pasted with this shortcut key command.
Record # 8
Question/Fact:

When you are in Microsoft Word and want to open a document, the quickest shortcut
Key combination is

Answer:

Crl& O

Explanation:

Used to open a document when you already have MSWord open.
Record # 9
Question/Fact:

You can use the Ctrl &I shortcut key combination to

Answer:
Italicize
Explanation:
Used to italicize a selected item, selected text, or the entire document (if it is all highlighted/selected).
Record # 10
Question/Fact:

Which shortcut key combination will allow you to save the document (or save any new
changes of a document you are working on)?

Answer:

Crl& S

Explanation:

Use to save a new document or to continually save as you add to a new document
Record # 11

Question/Fact:



Typing F12 allows you to

Answer:

Save as

Explanation:

If you want to save a document with a new name use the shortcut key F12 to do so.
Record # 12
Question/Fact:
Which shortcut key combination allows you to undo what you have just typed?
Amnswer:
Cirl& Z
Explanation:

If you are typing and realize you have made a mistake, then strike Ctrl & Z to undo what you have just typed.
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Appendix E
Verbal Instructions for BrainX 15 Minute Introduction

Comments: These instructions were given along with the second part of the power point
presentation. How to open BrainX software will be the first portion and then the Basic
BrainX Instructions (Appendix G) will be discussed in the exact order it comes in. The
power point presentation will be used to describe what each BrainX screen will look like.

“Please click on ‘Start’ on the lower left hand portion of your computer screen.”
“Click on ‘All Programs’ — then BrainX — and the Digital Learning System - You will see
a menu box with six items listed — Click on the Digital Learning System.”

“This will bring up this first slide.
(Point to Power Point Presentation)

The instructor will then describe how to use BrainX by focusing on the handouts that
match the Power Point Slides.

Then,

“You can use BrainX anyway you find helpful. Some people prefer to test themselves
right away and repeatedly, while others may prefer to read through all the session’s
material from the question to the explanation. Please try to keep each session to 10 — 20
minutes or so. The earlier sessions have less material and should take less time. So the
first session we expect to take about 7 — 10 minutes and the last session 20 — 25 minutes.”
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Appendix F
Basic BrainX Instructions (Handout)

First Step Choose and open a Learning Guide (BrainX), simply select/click on
the picture in the middle of the screen. If you have more than one Learning Guide
a scroll bar will appear above the pictures, use it to select the Learning Guide you
would like to use, then click on the picture.

ik bere to Study Now. .

Ty brainX

Digital Learning System
Sarple Learning Guide

The Learning Guide will open and then you can select and open the chapter you
would like to use. Open the appropriate chapter by double-clicking on it or right-
click and select open from the pop-up menu. Note: If any Learning Guide is a
single chapter then that chapter will automatically open.

Review and Testing Option Select Shortcut Keys on the main menu and double
click. Then open the first session by double clicking on session 1. Once you have
opened a Learning Guide chapter your study session can begin. At this point the
program opens and displays the "Study Now" window.

vvvvv Select WhattoStudy.. -~ Select How to Study...
7 Study All Material & Review Material
Ne Manually Select Material to Study " Take a Practice Test

" Resume a Saved Study Session

Cancel

You now select from the options: "Select What to Study", and "Select H

ow to Study''. The default is to study all materials, either by the ""Review Material”
(see #3 of this guide) or "Take a Practice Test" (see #4 of this guide). Itis
recommended that you initially review the material; however taking the practice test
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is equally beneficial as a starting point. After making your selections click the "OK"
button.

3. Review Overview The review mode displays the question, answer, supporting
information and mnemonic for each record/question. By using the arrow keys at
the top of the screen you can easily move through each record, reviewing the
questions. To exit the review mode click on the "Done" button.

Done
This will return you to the screen with the list of records/questions.

4. Testing Overview If in Step #2 of the guide you choose "Take a Practice Test"
then the Learning Guide opens the BrainX Digital Tutor and you immediately
begin a practice test. The practice test is employed with the user performing a
self-evaluation; by comparing your answer with the correct answer. After each
comparison the user selects from the buttons on the top of the screen:

b4 *w T e

CorrectfEasy CorrectfHard — Guessed Incorrect

The practice test flows as follows:

a. Youread the question

b. You decide on the answer
At this point you can type the answer or just say the answer to yourself
and then move to the "Show Answer" step.

c. After you have decided on the answer then you select the "Show Answer"
button, which will display the correct answer in the answer field.

d. Evaluate your answer - Select one of the four self-evaluation choices:
Correct/Easy, Correct/Hard, Guessed, or Incorrect
Example: If your answer was correct, but it was hard for you, then you
would select the "Correct/Hard"” button.

e. After you perform the self-evaluation, the BrainX Digital Tutor
automatically advances you to the next question. Just as in the Review
session you can use the "Previous” and "Next" arrows to move to the
previous or the next practice test question.

Once you have completed all the questions, or you are at a place where you
wish to stop, you simply select the "Deone" button on the top toolbar.
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Testing Assistance The program provides "Assistance™ to help you review,
learn and retain the information in the testing mode. When selected, the

" Assistance” button, located on the main toolbar, opens a drop down box with
four types of assistance.

5

Assistance Show Answer

show Answer Hint 5
Show Advanced Hint
Show Explanation

Show Mnemanic
7

There are four levels of assistance available if the author created content for all of

assistance items. The following are the available assistance items:

a. Hint - Progressive hints to the answer, improves retention and helps the brain
remember the answer.

b. Advanced Hint - Defined by the author to assist the user in determining the
answer.

c. Explanation - A detailed explanation of the answer, usually a portion of the
text that developed the question and the answer.

d. Mnemonic - Provides a memory device used to retain complex strings of
related material.

Results When you press the "Done" button in the testing mode, the program will
provide graphical and numeric feedback and elapsed time on the current study
session.



Gty Sezmion of
Sesrmg e F1400 58 Bl
Eridng b 11:437081
Etmmoed e thmoi G258

Livw Yosnon Pt Bengly |

© ComectfFasy BN
B Conectiar (vi3)
. Guessed 313
Incorrect (1413}

dot Angweret (115

E

]

FeletMioodom: |

X ;
Extt Sz |

77

Based on learning theory research and in order to improve your performance, it is
recommended that you press the "Re-Test Missed Items" button and select the

items that you need to re-test and review.

Cormect/Hard - 3
Guessed- 3
Incorrect - 1
v Mot Answered - 1

| Select the items you would like to re-test yourself on and click
| DK to continue or Cancel to retum to the previous scieen.

Cancel | oK

)

Save this study session to continue at another time or print the study session for

further review.

Press "Exit Session" to quit and then "Clese" until you reach the opening page.
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Appendix H

To:  Deidre Rogers
11765 Edgewood Dr.
Felton, CA 95018

From: Pam Stacks, /PW%(MX‘/

Interim AVP, Graduate Studies & Research
Date: April 27, 2004

The Human Subjects-Institutional Review Board has approved your request to
use human subjects in the study entitled:

“Evaluating Schedule of Practice Effects on the Learning of
Shortcut Keys.”

This approval is contingent upon the subjects participating in your research
project being appropriately protected from risk. This includes the protection of
the anonymity of the subjects' identity when they participate in your research
project, and with regard to all data that may be collected from the subjects. The
approval includes continued monitoring of your research by the Board to
assure that the subjects are being adequately and properly protected from such
risks. If at any time a subject becomes injured or complains of injury, you must
notify Pam Stacks, Ph.D. immediately. Injury includes but is not limited to
bodily harm, psychological trauma, and release of potentially damaging
personal information. This approval for the human subjects portion of your
project is in effect for one year, and data collection beyond April 27, 2005
requires an extension request.

Please also be advised that all subjects need to be fully informed and aware
that their participation in your research project is voluntary, and that he or she
may withdraw from the project at any time. Further, a subject's participation,
refusal to participate, or withdrawal will not affect any services that the subject
is receiving or will receive at the institution in which the research is being
conducted.

If you have any questions, please contact me at (408) 924-2480.

c¢c: Dr. Louis Freund
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Appendix 1

San José State University

Department of Industrial & Systems Engineering
Room 283, Engineering Building

One Washington Square

San José, CA 95192-0085

Voice: 408-924-3301

Fax: 408-924-4040

E-mail: isengr@email.sjsu.edu

Website: http://www.engr.sjsu.edu

Agreement to Participate in Research
Responsible Investigator(s): Deidre Rogers, RN, CAE
Title of Protocol: Evaluation of Training on Shortcut Keys

1. You have been asked to participate in a research study investigating several training
protocols that will be used to train computer users on shortcut keys in MSWord.

2. You will be asked to attend a 45-minute training class on shortcut keys followed by a
15-minute introduction to the use of BrainX software. One half of you will stay for an
additional one hour session in which BrainX will be used to teach you additional shortcut
keys, while the other half will do one session of BrainX software followed by 3
consecutive days worth of approximately 10-25 minute practice sessions with BrainX
software. The training will be held at the computer training center. Prior to training and
after the training you will be given written tests. One week after completing final
training, you will be asked to return and take another written test. Refreshments will be
provided.

3. There are no foreseeable risks or discomfort with this study and all participants will
receive training on shortcut keys.

4. The benefit to you as a participant is that you will learn a computer-related skill that
may make you more proficient and productive at the computer.

5. The results of this study may be published but no informat
will be included.

ion that could identify you

6. The compensation for participation in the study will include a copy of BrainX software
(which can help you study any subject you are trying to learn). All participants who
complete the full study will be eligible to participate in a raffle to win a $100.00 Visa Gift
Certificate.

Participants Initials
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7. Questions about this research may be addressed to Deidre Rogers at (831) 335-8448.
Complaints about the research may be presented to Kevin Corker, Professor, Industrial
and Systems Engineering at (408) 924-3988. Questions about research subjects’ rights or
research-related injury may be presented to Iam Stacks, Interim Academic Vice
President, Graduate Studies and Research, at (408) 924-2488.

8. No service of any kind to which you are otherwise entitled will be lost or jeopardized if
you choose to “not participate” in the study.

9. Your consent is being given voluntarily. You may refuse to participate in the entire
study or in any part of the study. If you decide to participate in the study, you are free to
withdraw at any time without any negative effect on your relations with San Jose State
University or with any other participating institutions or agencies.

10. At the time that you sign this consent form, you will receive a copy of it for your
records, signed and dated by the investigator.

The signature of a subject on this document indicates agreement to participate in
the study.

The signature of a researcher on this document indicates agreement to include the
above named subject in the research and attestation that the subject has been fully
informed of his or her rights.

Signature Date

Investigator’s Signature Date

Participants Initials
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 SHORTCUT DESCRIPTION '

Cirl & A

Cil &B
Cil &1

Cid & U
Cil&C
Ci&V
Cirl &N
Cirl & X
Cil &P
Ctrl & O
Cii &S
F12
Cil&1
Chl &Y
Alt & Tab
Ctrl & "left arrow key"

Cifl & "right arrow key”

"End’

"Home"

Ctrl & "Home"

Cirl & "End"

All & F

Alt & E

Cid & "left anrow key”
Cirl & right arrow key”
Alt & F4

"Esc"”

Highlight all text

Bold
ltalicize

Undetline

Copy

Paste

Bring up new document (blank)
Cuts text

Prints document

Open documents (file control)
Save

Save as

Undo (Clipboard command)

Redo

Toggle all open documents/programs [Hold Alt and type Tab]
Move one word to left

Move one word to right

Moves curser to end of current line

Moves the curser to the beginning of the line

Moves curser fo beginning of the document

Moves the curser to the end of the document

Bring up File menu

Bring up Edit menu

Moves cursor one word to the left

Moves cursor one word to the right

Closes program (e.g., MSWord)

Closes any dialog box or menu; or cancels an action

"Flying windows key' & M Minimizes all windows at a time

Ciri & F4
Cil & W

Cirl& Shift & "right arrow”
Ctrl & Shift & "left arow”

Ch&D
Ctrl & "Enter”

Closes open document {but not the program) * Same as Cirl & W
Closes open document” Same as CHl & F4

Highlights/selects word to the right of the curser

Highlights/selects word 1o the left of the curser

Brings up Font diclog box in Windows

Gives you a page break
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Appendix K
Verbal Instructions for Instructor Led Training

Comments: These instructions will be given after the first part of the Power Point
presentation has been given (before the BrainX software has been introduced).

“Our primary focus will be on Microsoft Word. However many of these shortcuts work
in Excel, Outlook and even software that is not part of Microsoft Office.”

Bring up visual of keyboard layout or use a keyboard in class to point to Ctrl, Shift,
Enter, Tab, Function keys, Right Click key, Arrow keys, Delete, Page Up/Page Down,
and Home/End keys. Talk about the Alt key briefly.

Then ask participants to open the “Rogers Test Document” document on their desktops.
Then ask them:

“Does anyone know the shortcut key combination used to select an entire document?”
Instruct them to go ahead and select the document (Ctrl & A).

“How about copying a document?”
Instruct them to go ahead and copy the document (Ctrl & C).

“What’s the quickest way to bring up a new, blank document?”
Instruct them to do so (Ctrl & N).

“And if you want to copy the document onto your new document what shortcut key
combination do you use?”
Instruct them to go ahead and do this (Ctrl & V).

“How would you save this document using shortcut keys?”
Instruct them to go ahead and do this (Ctrl & S).

“If you wanted to print the document what shortcut key would allow you to do this?”
Instruct them to type in the shortcut keys (Ctrl & P) but not to click “okay”.

“How do you close a ‘dialog box” like this with just one key?”
Use your “Esc” key.

“If you want to move to the very top of the document what shortcut key combination will
allow you to do s0?”
Try that (Ctrl & “Home”).

“And if you want to go to the end of the document?”
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(Ctrl & End).

“Go back to the top of the document with the use of Ctrl & Home and then use Ctrl &
your right arrow key to move into text.”

“Now key Ctrl & Shift & your right arrow key several times, this will allow you to select
several words”

“Using shortcut key combinations, italicize and bold these highlighted/selected words™
(Ctrl & I and Ctrl & B)

"Now use a shortcut key combination to cut these selected words."
(Ctrl & X)

"Let's say you have changed your mind, and you want these words back, which shortcut
key allows you to do this?"
(Cul & 7)

“Now use your Ctrl and right arrow keys to move down approximately eight words or
so."

“Use your Ctrl, Shift and left arrow keys together to select four words (to your left).”
“Using a shortcut key combination underline these four words.”
(Ctrl & U).

“What shortcut key will allow you to Save As? This is a function key." “Do this and
save the documents as ‘Shortcut key practice 2°.”

"If you want to open the File menu what Alt key shortcut key combination will allow you
to do so?” (At & F)

“Practice using your down arrow key to go to ‘Save As’ - use of your arrow keys is an
efficient way to move up and down these menus.”

“What shortcut key combination will allow you to bring up the Font Dialog box?”
Cul&D

“Practice keying the tab key several times -- this allows you to move around in the
opened sections of the Dialog Box. Ctrl & Tab will allow you to move between the
different tab headings at the top of the Dialog Box. Try this a few times briefly.”

“To close the Font Dialog Box simply hit the Esc key.”
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“So if you want to close Microsoft Word, how can you do this with a shortcut key
combination?” “The clue is to use your Alt key and...” (Alt & F4)

“Finally, the last one for this instructor-based session is the Alt & Tab key combination.
If you want to practice this you may need to open an additional program or document.
Then type the Alt and Tab key and see what happens. This is a great way to toggle
between documents or programs.”
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