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About Pearson
Everything we do at Pearson grows out of a clear mission: to help people make progress in
their lives through personalized and connected learning solutions that are accessible,
affordable, and that achieve results, focusing on college-and-career readiness, digital learning,
educator effectiveness, and research for innovation and efficacy. Through our experience and
expertise, investment in pioneering technologies, and promotion of collaboration throughout
the education landscape, we continue to set the standard for leadership in education.For more
information about Pearson, visit http://www.pearson.com/.
About Pearson’s Research & Innovation Network
Our network mission is to spark innovation and create, connect, and communicate research
and development that drives more effective learning. Our vision is students and educators
learning in new ways so they can progress faster in a digital world. Pearson’s research papers
share our experts’ perspectives with educators, researchers, policy makers and other
stakeholders. Pearson’s research publications may be obtained at:
http://researchnetwork.pearson.com/.
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Abstract
Tablets’ affordability and the intuitiveness of manipulating on-screen objects directly via
touch-screen make a compelling case for the use of iPads and Android tablets in the
classroom. However, in the same way that comparability studies are used to investigate
fairness when a high stakes test is delivered both online and in print, cross-device
comparability studies should be used to inform state policies around the acceptable range of
devices used for high-stakes testing. As a precursor to further research to inform policy, a
study was conducted in Spring 2012 to observe primary and secondary school students’
interaction with assessment materials on touch-screen tablets, including essay-writing tasks
accessed with and without an external keyboard. The goal was to understand how the tablet
might provide intuitive access to test materials and ease of use for capturing student
responses as well as any challenges presented by the devices. Of interest was students’
interaction with the physical or hardware aspects of the tablets as well as with the user
interface provided by the computer-based testing software.
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Testing on Tablets: Part I of a Series of Usability Studies on the use of Tablets for

K-12

Assessment Programs
An analysis of any performance-impacting differences between test-takers’
interaction with touch-screen tablets and with computers will be informed by two areas of
study: comparability studies and human-computer interaction (HCI). While comparability
studies address issues of fairness and validity in the interpretation of assessment results
across diverse testing conditions, HCI addresses assessment contexts less specifically but
contributes analytical methods for understanding how individuals interact with input devices
in order to perform a range of tasks related to on-screen content. Comparability studies use
pre-existing assessment instruments and rigorous data analysis methods to compare
student outcomes across different test administration conditions (Bugbee, 1996). The
detection of mode effects – test-taker performance differences across administration
conditions – suggest the presence of confounding variables that interfere with accurately
correlating test scores with knowledge of the constructs being assessed. HCI, on the other
hand, uses a variety of qualitative and quantitative methods – observation, surveys,
interviews, eye-tracking, screen/mouse action logging, measures of speed/accuracy, and
post-task assessment – to understand some of those confounding variables when they stem
from the ways humans interact with an electronic device (Hartson, 1998).
Cross-device Comparability
The need for comparability when an assessment is delivered via both paper and
computer is addressed by a number of professional bodies such as the American
Psychological Association and is mandated by the U.S. Department of Education as a
component of the No Child Left Behind peer review process (APA, 1986; AERA, APA, NCME,
1999, Standard 4.10). Comparability research over the last quarter century has largely
focused on differences between print and computer-delivered assessment, while less
research has mined the wider implications of Randy Bennett’s definition of comparability as
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“the commonality of score meaning across testing conditions including delivery modes,
computer platforms, and scoring presentation” (Bennett, 2003). However, with a shift
towards online testing coinciding with the proliferation of devices appearing in the
classroom, the sub-genre of cross-device comparability studies can be expected to flourish
over the next few years.
Although no rigorous comparability research to date has focused on touch-screen
usage for test-taking, foundations have been laid for cross-device comparability studies in
areas such as screen size and keyboard differences – factors likely to vary across devices.
One of the most wide-ranging studies done to date was conducted by Bridgeman, Lennon,
and Jackenthal (2001) looking at screen size, resolution, internet connection speed,
operating system settings, and browser settings for the SAT®. While the survey results
showed that some test-takers noted frustration around small screen sizes and latency or
wait times caused by slow internet speeds, the most critical factor was the amount of
information available on screen without scrolling. While math scores appeared to be
unaffected, lower scores were observed in verbal skills when smaller screen resolutions led
to a lower percentage of the reading materials being visible at one time. A 2010 study by
Keng, Kong, and Bleil (2011) kept the amount of information shown on screen, the screen
resolution, and the amount of scrolling constant across test conditions but varied screen
sizes. The results showed no difference in student performance across test-takers using
netbooks with screen sizes of either 10.1 or 11.6 inches and students using the 14- to 21inch screens common on desktop and laptop computers. These two studies suggest that the
amount of information available on screen at one time seems to have more potential for
negative impact than small shifts in the size of information on screen, assuming that
content is presented at a large enough size for basic legibility.
Comparability studies comparing writing on laptops and desktops have also
approached this idea of the impact of a smaller screen size, although these studies also
probe another aspect of device difference: the keyboard. A study of Graduate Record Exam
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results for test-takers using laptops and desktops was not specifically focused on writing,
but found that essay writing was the only area with performance differences between the
two conditions (Powers & Potenza, 1996). Since all test-takers used both devices for some
portion of the test, it was possible to collect survey feedback comparing the two
experiences: 48% of test-takers said that it was easier to take the test on a desktop
computer, while 15% felt that it was easier on a laptop (36% responded that the two
experiences were roughly equivalent). Survey respondents reported issues regarding screen
size, keyboard size, the position of keys on the keyboard, and the feel of the keyboard. This
study was conducted in the mid-1990s when experience with laptops was less pervasive;
94% of test-takers reported routine use of desktop computers while only 21% reported
routine use of laptops.
Device/model familiarity may have played a role in a similar study of the National
Assessment of Educational Progress (NAEP) assessment in which eighth-grade students
used either desktop computers owned by their schools or laptops brought to schools by
NAEP test administrators (Horkay et al., 2006). For one of two essays, test-takers using
laptops scored significantly lower than students using school computers. When this study
was widened to a larger sample size, results differed. No differences were apparent within
the aggregated scores, but female students performed significantly lower on the NAEP
laptops on both essays. The design of the study does not allow the performance differences
to be attributed to aspects of the laptop design versus to student familiarity with particular
computer models used regularly within school computer labs, but it does point to the need
for greater understanding of device differences.
HCI: Screen Size Effects
Since differing amounts of on-screen information due to screen size seem to be a
critical factor within these comparability studies, it is worth turning to the field of HCI for
further examination of this issue as it relates to reading and writing tasks. A study by De
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Bruijn, De Mul, and Van Oostendorp (1992) showed that subjects using a 15-inch screen to
consume an extended textual description needed less learning time than subjects using a
12-inch screen when the amount of information on a single screen was less for the smaller
screen size. However, both groups of subjects scored similarly on a follow-up
comprehension assessment. The findings of Dillon, Richardson, and McKnight (1990) were
not definitive but did include data trends to suggest higher levels of comprehension when
college students saw more lines of journal article text at once using larger screens. Study
results around reading comprehension seem to be more conclusive with more radical
differences in screen size; a study of 50 participants reading Web site privacy policies
demonstrated that the comprehension levels of desktop users, as evinced by scores on a
Cloze test, were more than double the comprehension scores of readers accessing the
privacy policy via an iPhone-sized mobile device (Singh, Sumeeth, & Miller, 2011). Other
studies have measured productivity for scanning and searching large quantities of text
rather than reading comprehension and noted improvements with larger monitors
(Simmons & Manahan, 1999; Simmons, 2001; Kingery & Furuta, 1997).
The field of HCI’s investigation into the effect of screen size on writing tasks has
tended to focus on college-level or adult subjects engaged in academic writing or jobrelated text editing. A 1991 study by Van Waes (translated into English in 2003) observed
that academic writers using a larger screen that made more text visible at one time were
observed making revisions at a greater distance from the last point of insertion. In other
words, extending the amount of written text in view directly affected the range of the
writer’s revisions, as the writing process typically involves scanning and re-reading for
revision and further planning (Van Waes & Shellens, 2003; Flower et al, 1986; Van
Oostendorp & De Mul, 1996). A more recent study conducted at University of Utah but
commissioned by monitor manufacturer NEC involved 96 participants given text-editing
tasks and randomly assigned a range of dual and single monitor set-ups using 18”, 20”, 24”
and 26” screens. Time and editing performance measurements showed monitor size was a
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more significant determinant of speed and accuracy than single versus double monitor
configurations (University of Utah, 2008).
Device Differences
As we move from a general look at different devices and varying screen sizes to the
specifics of a tablet, it is worth pausing to provide a definition of tablets and describe some
of their unique attributes. As a mobile computer, a tablet is usually larger than a mobile
phone but differs from a laptop or desktop computer in that it has a flat touch-screen and is
operable without peripherals like a mouse or keyboard. The boundaries between tablets and
computers sometimes blur with quick-start computers and with hybrids and convertible
computers, which combine touch-screens with keyboards that can be removed, swiveled, or
tucked away. Tablets were once best differentiated from computers not by size or screen
but by their mobile operating systems: iOS, Android, BlackBerry Tablet OS, webOS, etc.
However, software manufacturers are now presenting operating systems, such as Windows
8, as tablet- and computer-ready. In another instance of blurring boundaries, some ereaders are becoming increasingly indifferentiable from tablets in their use of mobile
operating systems, similar size and shape, color touch-screen, long battery life, wi-fi
connectivity, and support of downloadable “apps.” However, e-reader screens, unlike tablet
LCD screens, are optimized for reading even under bright light conditions, while tablets tend
to be designed with more memory and storage space for supporting multiple media forms
and a wider range of applications.
The key differences between tablets and computers that are deserving of further
analysis within cross-device comparability studies include physical size, ergonomics, screen
size, touch-screen input, and keyboard functioning. In regards to size, most tablets weigh 1
to 2 pounds and are designed to be handheld, used in a flat position, placed in a docking
station, or held upright by a foldable case. A tablet has no singular correct position, which is
reinforced by re-orientation of the on-screen image to portrait or landscape based on the
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position of the device. Although the most typical tablet screen size of 10 inches was
popularized by Apple’s iPad, screen sizes of 5 and 7 inches are not unheard of. For instance,
the 7-inch Samsung Galaxy Tab, with about half of the surface area of a 10-inch device,
resembles the size of a paperback book. The 5-inch Dell Streak can fit in a pocket and
resembles a large smart phone.
These relatively diminutive sizes and weights, the variability in mounting strategies,
and most tablets’ support for different orientations lead to more fluid interactions between a
user’s posture, lines of sight, and the device’s angle and distance from the user. The
popular media abound with references to these very different and more variable
ergonomics, when compared to a desktop computer, and the possible negative impacts
including “gorilla arm” caused by prolonged use of a touch-screen in a vertical position
(Korkki, 2011; Davis, 2010; Carmody, 2010). A survey of students with ubiquitous
classroom and home access to tablets noted a variety of positive and negative observations
including “prevalent visual and musculoskeletal discomfort” (Sommerich et al., 2007). A
more targeted study focused on tablet ergonomics confirmed that tablet users take
advantage of their devices’ many potential display positions, changing device position and
their bodily position based on the task. However, high head and neck flexion postures,
rather than low-strain neutral positions, were associated with some of these viewing
postures (Young et al., 2012).
Within studies of input devices such as touch-screens, comparisons are made
between the benefits of the immediacy of direct input, where moving on-screen objects
resembles moving objects in the physical world, and those of mechanical intermediaries,
such as the indirect input of a mouse. While speed, intuitiveness, and appropriateness for
novices are benefits of direct input, mechanical intermediaries often extend human
capability in some way (Hinckley & Wigdor, 2011). For instance, a comparison could be
made between two types of buttons used to ring a buzzer or bell. In the first case, a gameshow buzzer benefits from the direct and immediate input of a fist or palm that slams down

Testing on Tablets: Part I

9

on the button to indicate that a contestant has the answer before his or her competitors. In
the second case, a strong-man carnival game involves slamming a mallet down on the base
hard enough to project upwards a counter weight to ring the bell at the top. While no
Jeopardy contestant would want to lose time to picking up a mallet, the arc of the arm
lengthened by the mallet in the carnival game extends and concentrates human strength
even as it takes more time to use it and more skill to maneuver it. Similarly, tablets’ touch
input is immediate and direct, while mouse input aids accuracy and allows one small
movement to equate to movement of the cursor across a much larger screen distance.
However, the acquisition time – the time required to move one’s hand to the input device
and use it to point – and learning time associated with a mouse usage is much greater than
with touch input.
As pointing devices, mice and touch return coordinates as inputs to a system. Touch
inputs are associated with high speed but reduced precision; they are typically faster than
mouse inputs for targets that are larger than 3.2 mm, but the minimum target sizes for
touch accuracy are between 10.5 and 26 mm, much larger than mouse targets, which tend
to be more limited by human sight than by cursor accuracy (Albert 1982; Vogel, Baudisch,
& Shift, 2007; Hall et al., 1988; Sears & Shneiderman, 1991; Meyer, Cohen & Nilsen, 1994;
Forlines et al., 2007). Touch-screen input accuracy may suffer from spurious touches from
holding the device and from occlusion when the finger blocks some part of the graphical
interface (Holz & Baudisch, 2010). Mouse input is associated with a single coordinate,
whereas touch inputs for multi-touch screens can include multiple coordinates at once, such
as an intentional two-fingered gesture or a large thumb touch registering as two
simultaneous coordinates.
Despite their similarity in returning coordinates based on mouse or finger position,
these two input modalities are associated with different types of events. A touch-screen can
detect that the pointing device is out of range when no finger or stylus is touching. The
mouse-driven cursor, on the hand, is constrained to the screen and never out of range – a

Testing on Tablets: Part I

10

coordinate is always being communicated to the system. The cursor’s ability to stay in place
where it was left reduces reacquisition time – resuming from a prior position – in
comparison to touch input, where muscle control must be used to keep a finger in a similar
position but without touching the screen. A mouse-controlled cursor can be moved without
triggering an active selection state; cursor movement is differentiable from dragging. The
cursor shows the user the precise location of the contact location before the user commits
to an action via a mouse click (Buxton 1990; Sutherland 1964). A touch-screen, on the
other hand, does not have these two distinct motion-sensing states; pointing and selecting,
moving and dragging, are merged. No “hover” or “roll-over” states as distinct from selection
states can exist on a touch-screen, which removes a commonly used avenue of user
feedback within graphic user interfaces. Similarly, without a cursor, touch-screen interfaces
cannot have cursor icons, which can be used to indicate state or how an object can be acted
upon (Tilbrook 1976). For instance, if an erasure state is on, an eraser icon can indicate that
clicking or mouse-down movement will erase marks or remove objects. A cursor icon
change from an arrow to a pointing finger can indicate to a user that an on-screen object
can be selected, clicked, or otherwise acted upon. A change to a flashing vertical bar can
indicate that text can be inserted in a given area. Cursor responsiveness can indicate that
the system is active and functioning, just as a clock or hour glass or the failure of the cursor
to move can indicate that the system is temporarily unresponsive. Interfaces designed for
multi-touch screens compensate for this narrower range of events by responding to touch
durations and gestures, which, like double-click and right-click events on a mouse, tend to
be learned rather than immediately known elements of an interface design.

Testing on Tablets: Part I

11

The pointing finger icon and the blue-outlined box on hover indicate that the answer choice can be
clicked anywhere to select it. The highlighter cursor icon shows that you have the highlighter tool on,
so answer choices can not be selected while in this mode. The eraser icon and the line to be erased
turning from blue to red on hover are examples of user feedback unavailable on a tablet.

While tablets can be supplemented with external keyboards, they typically include
on-screen touch keyboards used for typing. Performance indicators for human interaction
with computers sometimes draw on speed and accuracy measurements, which are
particularly well-known measurements for typing. While 40 words per minute (wpm) is
considered an average typing speed for computers, reports for average typing speeds with
on-screen touch keyboards range between 15 and 30 wpm (Sax, Lau, & Lawrence, 2011). A
number of reasons are cited for these lower performance measures. Pressure on a key, the
edges of a key, the distance traveled to press that key, and the sound of key pressing
provide tactile, kinesthetic, and aural feedback that are missing on a touch-screen
keyboard, although some on-screen keyboards use sound or haptic feedback such as
vibrations to increase feedback. Without sufficient feedback, users must partially rely on
vision for knowledge of a key’s position and those of surrounding keys. This visual attention
to the keys increases eye movements, or saccades, between the keys and the textual
display. These factors, along with accidental inputs and missed inputs that can occur with
fingernails that do not register on a capacitive touch-screen, lead to reduced speed and
decreased accuracy, with possible differential impact on female users. Touch-screen
keyboards have one fewer input state than physical keyboards, since a finger can be off a
key or pressing/touching a key on a touch-screen but fingers can not rest on the keyboard
without activating those keys. Thus, the traditional typing technique of keeping fingers
resting on the ASDL and JKL; keys on a QWERTY keyboard can not be utilized. Keeping
fingers pulled back to avoid unintended key taps can lead to fatigue. While typing speed and
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accuracy under these conditions are easily measured, it is more difficult to measure other
effects of fatigue and of removing reliance on the procedural memory associated with
keyboarding skills, which diverts cognitive energy from writing composition to on-screen

verification of typed characters (Hinckley & Wigdor, 2011; Ryall et al., 2006; Benko et al.,
2009; Hinrichs et al., 2007; Barrett, 1994; Sax, Lau, & Lawrence, 2011; Findlater &
Wobbrock, 2012).
Methods
The methodology chosen for the study consisted of a format used on prior occasions
by this research team to understand interactions between computer-based user interface
and the cognitive processes used for exhibiting knowledge and skills in an assessment
context. This approach is best described as a hybrid between a usability study and a
cognitive laboratory, making use of the observation and cognitive psychology’s think-aloud
protocol, also known as “concurrent verbalization” (Ericsson & Simon, 1993).

COMPARISON OF STUDY TYPES
Usability Study
Involved
Specialists
Method
Key Question

Usability engineer, user experience designer
One-on-one session, observation, subject is asked to “think
aloud”
Does the application interface enable a user to accomplish
tasks successfully (e.g., efficiently, accurately, in an engaged
way)?

Cognitive Laboratory for Assessment
Involved
Specialists

Cognitive psychologist, educator/content expert

Method

One-on-one session, observation, subject is asked to “think
aloud”

Key Question

Does a test-takers response to an assessment task appear to
produce evidence of the test-taker’s knowledge or skill in the
targeted area?
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Hybrid Usability Study / Cognitive Laboratory
Involved
Specialists

Superset of the above

Method

One-on-one session, observation, subject is asked to “think
aloud”

Key Question

Do the tools and interactivity provided within an item allow the
test-taker to exhibit their knowledge/skill level without
introducing construct-irrelevant variance stemming from
usability issues?

While a usability study can be used to discover usability issues, and a cognitive
laboratory can reveal potential validity issues – i.e., weaknesses in the construction of the
assessment task that suggest that a test-taker’s response can not always be taken as
indicative of test-taker knowledge or ability – the issues surfaced by a hybrid study could be
in either of these two above categories, or the issues could be at the intersection of the two.
In other words, a hybrid study can be used to explore whether the interface enables or
impedes a student’s problem-solving methods or response creation in a way that would help
validate or question the use of the student response as evidence of construct mastery.

Sample Issues Revealed by a Hybrid Study
Using the interface produced frustration or increased the load on working memory
in a way that could negatively impact student performance and compromise
validity.
The interface supported the processes and steps used in the “expert” way of
solving the problem (i.e., beginning with the recognition that graphing this type of
function would involve a parabola), but the not the novice method of arriving at
the correct answer in a longer period of time through trial and error and plotting
many possible points.
The interface limited the degree to which the task could be considering a
discerning item in that it constrained the possible ways of constructing a response,
thereby preventing students from proceeding with a common misconception that
would have led to an incorrect response.
Instrument
The study was conducted using a small range of grade-level appropriate assessment
items from a Virginia Standards of Learning (SOL) field test. The primary area of interest
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was writing, but functionality was included to investigate a range of interactive features
used in test items and within the overall online testing environment:
•

Multiple-choice answer selections

•

“Hot spot” items involving selecting one or more elements or areas of an image

•

Drag-and-drop items

•

Passages displayed through a paging interface

•

Tools such as highlighter, pencil tool, and answer eliminator

•

Navigational controls

•

An essay-writing interface
A number of decisions were made in how these test items and the online testing

interface were moved over to the tablet and in how the tablet was configured for the study.
Rather than first making tablet-specific design changes to an existing interface, the
researchers decided to use this study to isolate potential problems requiring tablet-specific
interface elements. Thus, the existing, browser-based interface was ported from Adobe
Flash to Adobe Integrated Runtime in order to run on iPads and Android-based tablets. For
the study, 10” Samsung Galaxy Tab tablets were chosen, along with Bluetooth® external
keyboards. User interface elements without touch-screen equivalents – in this case, iconic
cursors and mouse-rollover “hover” effects – were removed. The testing interface
intentionally avoids any use of double-click or right-click (mouse interactions that younger
children or computer novices might not be aware of), so all mouse-click based interactions
were able to be translated to tap-triggered actions on the touch-screen. Based on existing
research described above, the decision was made to keep the same amount of information
on screen as would appear on a laptop or desktop. (In the interest of fairness, the testing
software is designed to keep this aspect of the presentation consistent across different
screen resolutions and screen sizes.) For logistical reasons, it was easiest to bring the
tablets preloaded with the abbreviated tests in the form of a native app rather than rely on
getting the devices on to school networks for retrieving the content via the internet. Thus,
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tablet connectivity and performance issues related to web-accessed content were not
included as part of the study.
The Samsung on-screen keyboard packaged with the device was used, but with
auto-complete, auto-correct, and auto-capitalize turned off. Although such features are
intended to compensate for the decreased accuracy of touch keyboards, options were
chosen for this study to more closely mimic computer keyboards and avoid any potential
distraction, lack of familiarity, or frustration that might accompany imperfect autocompletion/correction. Sound and vibration upon key press were turned on in response to
research citing 20% decrease in input errors, 20% increase in input speed, and lowered
cognitive load when using haptic or tactile feedback with touch-screen keyboards, in
comparison to non-haptic touch-screens (Brewster, Chohan & Brown, 2007). An external
keyboard choice was made based on wireless capability via Bluetooth® and user reviews
around ease of use for typing.
Participants & Procedure
Twenty-four students from two Virginia school districts – one that used iPads or
iPods in instruction and one that did not – were chosen by school personnel to participate in
the hybrid study. Students were selected to represent three grade ranges: grade 4, grade 8,
and high school. Since the Standards of Learning (SOL) test is administered almost entirely
online at multiple grade levels in Virginia, all students were familiar with the online testing
environment and with the format of SOL tests. Students were instructed to use the device
to answer several test items and to read the essay prompt before composing an essay as
they would for the SOL test. Initially, students used the on-screen virtual keyboard native to
the device to construct their essays. Once students had created significant portions of their
essays with the on-screen keyboards, the study proctors presented them with compact
external wireless keyboards to use in completing their essays. Students were asked to think
aloud throughout the study, although during the essay-writing portion proctors granted the
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study subjects more quiet concentration time and fewer prompts and reminders regarding
thinking aloud. Following this process, students were invited to compare and contrast the
two keyboards and were asked to fill out a brief survey before receiving a gift certificate to
thank them for their participation.
Results
A number of notable observations were made during the study.
Familiarity with the interface facilitated ease of use. All students participating
in the study had used this particular online testing interface for multiple tests in the past.
Students reported immediately recognizing the interface despite its translation to a touchscreen, and many were able to describe how they tend to use the tools during a test, using
the version on the tablet to illustrate. In fact, one feature used in the Virginia writing field
test was not included due to a delay in translating the functionality to the Android. A
number of students noticed and even lamented its absence.
Overall, students found the device compelling. Excitement and positive
comments within a usability study can often be the result of students’ eagerness to please
adult visitors to their campus and sometimes pleasure in having been selected to
participate, thereby missing class. While the effects of this tendency can not be discounted
completely, the students in this study immediately started using the device, often used
adjectives such as “cool,” and voiced how easy it was to use, even on a few occasions when
the student was simultaneously repeating an action multiple times and failing to get the
desired effect on the first try. A positive affect seemed to be attached to the device.
Students were able to read, select, and navigate with ease. In the cases
where controls and manipulatable objects were larger than finger size, students did not
have trouble navigating, reading, page turning, selecting answers, or dragging objects such
as marking tools or draggable images in a drag-and-drop interaction.

Testing on Tablets: Part I

17

The most frequently occurring usability issue that cut across different types
of system functionality involved the object, button, or control being smaller than
or close in size to the area of a student’s fingertip. This is a common usability problem
found in applications designed originally for use with a mouse but then accessed on a tablet
or mobile device, due to the differences in ideal target size for a mouse versus a finger as
described above. This small target size problem was found in two contexts: (1) user
interface controls such as buttons that are not unique to an item and (2) item-specific
content such as images that can be dragged in a drag-and-drop interaction. In regards to
the latter, draggers and “hot spots” of different sizes were included to garner a sense of
what sizes performed successfully and which did not. One extreme example involved
dragging commas over to a sentence. The dragger itself was completely obscured by the
student’s finger, and the user feedback that tells a student when a dragger is over an area
where it can be dropped was also obscured. A number of students gave up after numerous
attempts to make the comma “stick.”
Tool use was more intuitive but less precise. Students either used tools like the
highlighter and pencil as they answered items, or they were prompted with questions like
“Do you ever use these tools in this top bar, and if so, how do you typically use them?” and
“Do you think they would work similarly on a tablet like this?” Students used the tools with
ease, and a few indicated that it was easier because it was more “direct” or because you did
not need to use the mouse. However, when students tried to highlight single words, circle a
significant word or number, or underline a phrase, several students tried a couple of times
to position the mark correctly with a couple acknowledging that the mark was not made
exactly where intended but “close enough.”
Sometimes students had to touch a button more than once before seeing an
effect. The Next button, tools, and the paging turning control sometimes required a student
to tap more than once. A number of students experienced this but did not verbally note it,
and no student seemed frustrated by it. Further analysis will be required to understand
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whether it was device sensitivity, the online testing software itself, or another effect of the
control being small with the finger tap being positionally imprecise.
The lack of roll-over or “hover” effects and cursors, as is standard for touchscreens, led to less user feedback for troubleshooting purposes when the
application did not respond as they expected. In prior usability testing of this system,
most students either used the ability to click anywhere on the answer choice to select it or
answered correctly when asked, “Can you click anywhere on the answer choice to select it?”
The application ported over to the tablet provided less opportunity for discovering this
feature through a roll-over effect (e.g., the cursor changing to a pointing finger when
anywhere over the answer choice thereby indicating clickability). When answering multiple
choice questions on the tablet, several students continued to click the radio button,
sometimes requiring more than one attempt due to the small size of the radio button. One
place where student frustration was encountered due to lack of user feedback involved
several confounding variables. Within this online testing application, a student can not select
an answer when using a tool like the highlighter. This is to avoid accidentally selecting an
answer choice when using the highlighter or pencil to mark up some part of the answer
choice. In prior usability studies, a few students have been observed forgetting this fact but
immediately “course-corrected” by turning off the tool before trying again to select an
answer choice. Within the tablet study, some students experienced frustration in this same
situation and did not recover or “course correct” as quickly. When queried by the proctor,
they indicated that they were aware that answers could not be selected with a tool on.
Nonetheless, students in this situation often tried several times before recovering, not
knowing whether it was an issue of the device not responding. Unlike the computer-based
version of the application, there was no cursor icon to remind students that they had the
highlighter, underline, or pencil tool on. There was no roll-over effect on the answer choice
to advertise a selectable or non-selectable state. (On a computer, in order to remind the
student that answer selections can not be made with a tool, the application replaces the
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standard cursor with a tool icon and does not show the pointing finger when over an answer
choice if a tool is turned on.) Lastly, since students had experienced other controls where
the first tap was not successful, they were more likely to try several taps before switching
strategies.
Satisfaction with the on-screen keyboard varied by age and keyboarding
ability. With the group of students included in this study, younger students were
unsurprisingly observed to have less proficient keyboarding skills, while older students
tended to have more proficient keyboarding skills, although a range of ability was selfreported among the high school students. Most of the younger students “hunted and
pecked” using either one index finger or two to type on both the on-screen keyboard and
the external keyboard. They were either equal in speed on both keyboards or slightly faster
on the on-screen keyboard. These students reported liking the visual and slight vibration
feedback that they got with the on-screen keyboard. Another reason cited for liking the onscreen keyboard was the simpler keyboard (since not all characters are represented at
once), although some students from all age groups took a bit of time to find numbers and
other symbols when queried. Some of the younger students could not find the number
symbols and asked the proctor to show them. Although no student commented on this, the
younger students were observed to have fewer problems with capital letters on the onscreen keyboard than on the external keyboard. Instead of requiring users to hold down the
shift key at the same time as another key, the on-screen keyboard involved subsequent key
presses (capitalization key followed by letter key) in addition to changing the display of all
keys to the capital letter while capitalization was in effect. Older students were either
frustrated with the on-screen keyboard or commented that it would “take some getting used
to.” Their keyboarding input was markedly slower on the on-screen keyboard, with the
differential between the two speeds being greater the better a student’s typing skills were.
One student commented with surprise that the technique he had learned regarding resting
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his fingers on the ASDF and JKL; keys did not work, since finger resting led to letters being
typed.
The on-screen keyboard covered a portion of the essay being typed. While
most students did not complain about a portion of the screen covered up by the on-screen
keyboard, some students did close the on-screen keyboard one or more times as they
reviewed their essays. Other students did not collapse the keyboard, but not all students
were aware of how to remove the on-screen keyboard from view with the designated key
(the design of which may vary by device or by keyboard in the case of third party on-screen
keyboards). Review and contemplation of the essay topic appeared to require some work on
the part of students, since the essay prompt was on the prior screen, but the Previous
button was obscured by the on-screen keyboard. Thus, the on-screen keyboard appeared to
compound an existing issue: the lack of screen space to show as much of the essay as
possible without scrolling and the essay prompt.
While proficient typists preferred the external keyboard over the on-screen
keyboard, the external keyboard introduced some new challenges for most
students. Some of these issues were related to the particular external keyboard used (or to
incomplete integration or impartial compatibility of device and external keyboard), while
others might be factors with a wide range of external keyboards. Among the issues in the
former category were: presence of some inactive keys ; a tendency for the on-screen
keyboard to still open and block part of the screen, even while the external keyboard was
connected via Bluetooth; and, occasional key responsiveness issues. Most notable in the
latter category was some difficulty with the physical configuration. While students appeared
to be comfortable working with the tablet flat on the table when using the on-screen
keyboard, the addition of the external keyboard caused observable awkwardness,
generating several student comments. Once the external keyboard was added, some
students lifted the tablet at an angle, and then set it back down, as if looking for a way to
prop it up. With the external keyboard, greater distances within head movements related to
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saccades were observed, as most students looked at their fingers during typing and then up
at the essay text box, scanning back and forth as they worked on their essays. One student
characterized this drawback as “everything not being in one place.” Some students
appeared to find it awkward to switch between using the external keyboard to type and
using one’s finger to select text and place the cursor. Switching back and forth between use
of the keyboard and on-screen text-based actions did not always occur deftly. It is not clear
whether this was related to the physical set-up of two separate devices lying flat, which
students appeared to be uncomfortable with, or to a mental shift between “now I’m using
this device to work on text, but now I need to switch to this other interface to do other textrelated things,” as some text functions moved to the external keyboard, but others did not.
The small size of the external keyboard felt “cramped” to some of the older students, even
as most commented that the external keyboard was still preferable to the on-screen
keyboard. Some of the more proficient typists expressed that the small size made this
keyboard still not “like a real keyboard,” which interfered with how quickly and accurately
they could type. Younger students mentioned the small size when describing their
preference for the on-screen keyboard with its larger keys. Lastly, in the area of logistical
issues, proctors charged all devices prior to sessions, but since the Bluetooth keyboards did
not automatically turn off after a certain period of time, one battery depletion issue was
experienced during the study. This situation was resolved with additional batteries on hand.
Students had difficulty selecting text and repositioning the text cursor on
the tablet. Students found that the imprecision of the finger to indicate location interfered
with their ability to select text when trying to replace words or to fix spelling, punctuation,
or capitalization. Some students were observed deleting most of a sentence or multiple
words just to fix an error, rather than using their fingers to reposition the text cursor in an
earlier part of the sentence. In the case where older students declared that they needed a
keyboard if this were a “real test,” it was most frequently at the moment when students felt
like they were making more typing errors, since their keyboarding skills were not easily
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transferred to the on-screen keyboard, and tried to correct them but found it difficult to
select text to make the appropriate changes. A couple students who were familiar with the
iPad commented that selecting and manipulating text was even harder on this device than
on the iPad. (Devices with the iOS operating system have a magnifying glass feature that
aids text selection.) It was rare that students noticed that they could use the arrow keys on
the external keyboard to help overcome this problem of imprecise cursor positioning using
the touch-screen. One student, upon discovering that the facilitator had a external keyboard
hidden out of sight, asked whether there was also a mouse in the facilitator’s bag to help
resolve the problems he was experiencing with text editing.
While a couple students tried to use an unsupported gesture, generally
students did not assume that the interface drew on gestural conventions or would
change appearance when re-oriented. A couple students familiar with the iPad tried to
use the pinch-zoom gesture to magnify content, although they did not explicitly complain
about content legibility on the 10” screen. No students tried to slide the screen to navigate
to the next item, and no one tried to use a swipe to turn a page within the passage, which
uses a paging interface. Similarly, no one was observed turning the tablet 90 degrees in an
attempt to switch from a landscape to a portrait view.
No substantive differences were observed between the school district that
uses iPods and iPads in the classroom and the one that did not. One possible reason
for this may be the limited extent of classroom tablet usage in one school district, which
tended to use iPods more extensively than iPads and tended toward a greater concentration
of iPad usage in kindergarten and first grade than in the older grades. Another reason may
stem from the fact that the ported application did not rely on any gestures; thus, if swipe
and pinch are more known as conventions to some students, this knowledge would not
translate to more adept usage of this application.
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Without desktop lockdown, certain actions would move the student to an
environment outside of the test, with some effort required by the student or

assistance on the part of the proctor to return the student to the test. The particular
device used in this study provided a number of ways to navigate outside of the test, many
of which were triggered accidentally. Persistent on-screen controls to navigate to a “home”
screen were sometimes accidentally activated. Various messages were visible regarding
connectivity, which some students inquired about and others accidentally tapped. Several
configurations related to the on-screen keyboard were also available via pop-up windows.
Some students accidentally opened these while looking for particular keys on the keyboard
(e.g., a way to get to numbers and symbols or to close the on-screen keyboard).
Summary and Discussion
Observations from this study in many cases underscored existing research:
•

Touch-screen interfaces allowed for direct and immediate input but sometimes
involved less precision than mouse-based input, particularly when targets were
insufficient in size and finger occlusion was involved.

•

Fewer avenues of user feedback were available on the touch-screen version of the
testing interface, which occasionally led to usability challenges in the areas where
the original design (intended for computer not tablet delivery) of the online testing
interface relied heavily on roll-over effects and iconic cursors.

•

Reading and navigation were easily achieved by students using the existing online
testing interface (which has similar page-turning conventions to an e-reader) on the
tablet.

•

Use of the touch-screen keyboard required visual attention by all students, even
those with keyboarding skills.

•

Text-editing was difficult due to the small target size involved with placing a cursor
or selecting a range of characters.
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The least expected results related to the positive reaction of younger students and
novice typists to the on-screen keyboard and the difficulties experienced by most students
in regards to the external keyboard. Students without keyboarding skills found the onscreen keyboard easier to use than the external keyboard. While students with more
advanced keyboarding skills preferred the external keyboard, they experienced some of the
same frustrations with the external keyboard as other students. The physical set-up of a
non-upright screen and a keyboard was awkward; the small size of the keyboard was noted
as difficult or frustrating; alternating between touch and keyboard use did not seem natural
to students; and, the compatibility of the keyboard with the tablet fell short of 100% in that
a few keys did not work and the on-screen keyboard occasionally appeared, even with the
external keyboard connected.
The issues encountered can generally be assigned to one of three categories:
•

A problem with the online testing interface’s translation to the tablet that may be
resolvable through user experience changes;

•

An aspect of the particular physical configuration and hardware elements used, which
may be addressed through different but currently available choices;

•

Issues related to some essential aspects of the tablet that may be more difficult to
resolve.
In regards to the translation of the online testing interface to the tablet, the most

successful solution may be a compromise between capitalizing on student familiarity with
the current interface and adjusting the software’s user experience to draw on some tablet
conventions and alternate modes of user feedback. Classroom testing may involve students
experiencing assessment materials on desktop and laptop computers as well as tablets,
moving interchangeably between devices. Students should not be required to learn an
entirely different interface when alternating between devices and should be able to transfer
their knowledge and techniques from one device to another. At the same time, anywhere

Testing on Tablets: Part I

25

that inadequate user feedback is available due to the absence of roll-over effects and iconic
cursors, alternate means that are suitable for the tablet need to be sought.
The use of an external keyboard to leverage students’ keyboarding skills holds some
promise, as evinced by older students’ greater comfort with the external keyboard than with
the on-screen keyboard. However, attention will need to be made to the seamlessness of
the external keyboard’s compatibility with the tablet and the set-up of the tablet for an
optimal viewing position when used for a writing task. For instance, students may benefit
from using the tablet in different positions during different portions of the test: handheld for
extended reading, flat or slightly tilted for answer selection and drag-and-drop tasks, and
upright when used with the keyboard. Increased tablet usage in the classroom may lead to
greater student familiarity with different use models such that students will become adept
at adjusting tablet position and their own position to suit the task. Additional research will
need to be undertaken around use of the stylus for text selection, since adults experience
similar levels of precision with a stylus as with a mouse but some studies of children’s use of
styluses have shown mixed results for use beyond drawing (Mack & Lang, 1989; MacKenzie,
Sellen, & Buxton, 1991; Couse & Chen, 2010).
On-going research in this area will take place against a background that could be
considered a moving target in at least three ways. First, students’ experience with tablets
will grow as the use of such devices in the classroom increases, thereby lessening the
potential contribution of unfamiliarity to construct-irrelevant variance. Secondly, the types
of tasks that are a part of computer-based assessments may grow in complexity with
Common Core State Standards consortia pursuing performance-based assessments. In light
of this movement, subsequent research will need to take into account not just the basic
interfaces for navigation and digital tool use, but also the demands of individual items. It is
worth noting the three situations where individuals report preferring to use a desktop or
laptop over a tablet (Browne, 2011):
•

Tasks that require extensive text entry
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•

Tasks requiring the interrelated use of multiple tools, windows, or tabs

•

Tasks requiring complicated applications or detailed manipulations
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Thus, in addition to further study of essays, cross-device comparability studies should
include items with high complexity levels, such as those that require accessing a variety of
materials and tools – tables, calculator, formula charts – or that require detailed
constructions such as graphic organizers or the plotting of two lines and a shaded solution
set.
Lastly, the design of tablets will continue to evolve, including innovative ways to
provide access to a physical keyboard, such as Microsoft Surface’s integrated keyboard built
in to the tablet’s 5mm-thick case. Advances are also underway with technologies that can
detect finger proximity above the touch-screen and respond by expanding the target area
as the finger approaches (Yang et al., 2011). Ways to interact with touch-screens may be
expanding through the use of sound detection to differentiate between finger tip, pad, nail,
and knuckle use (Harrison, Schwarz, & Hudson, 2011). The range of haptic feedback may
increase using piezoelectric actuators and voltage controlled protuberances, which can
generate pulses and vibrations resembling resistance and other types of tactile feedback
(Fruhlinger, 2008; Kaaresoja, Brown, & Linjama, 2006; Laitinen & Mäenpää, 2006; Leung et
al., 2007). Tactile screen technologies are being pursued to allow applications to present
transparent press-able buttons on demand, rising from a deformable touch-screen surface
and then receding back to a smooth surface (Westerman, 2009; Strange, 2012).
A number of other typing systems have been introduced to supplement or replace
QWERTY keyboards with systems that are more usable on small touch-screens. Adaptive
keyboards begin with traditional key positions but then adjust those positions based on the
user’s finger position. Swype and ShapeWriter draw on the QWERTY key layout but allow for
dragging between letters, lifting only between words. ThickButtons enlarges the keys that
are most likely to follow the prior character based on typical key combinations. Dasher, on
the other hand, departs from QWERTY altogether to use a zooming model, where typing one
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letter leads to the display of additional letters using a predictive model to anticipate likely
next characters. SnapKeys is an invisible keyboard designed for thumbs, dividing characters
into four categories based on their shape and providing access to these characters through
four buttons. 8pen makes use of circular movements to navigate through four quadrants
choosing letters. Most of these systems also take advantage of probabilistic predictive
models, such as TouchType, which involves more time choosing words from a suggested
word list generated by its predictive engine than typing letters. These various advances will
ideally bring a range of engaging and affordable devices into the classroom and provide
fodder for on-going cross-device comparability research.
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