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1. INTRODUCTION

Many children today are exposed to computers from a very early age. The
types of interaction techniques used in children’s software are quite varied.
In general, children appear to adapt to whatever interaction style is
present, but this is not an ideal situation because some children may be
apprehensive using an interaction style with which they are not comfort-
able. In order to design effective interaction techniques, “we need to use a
deeper understanding of task, device, and the interrelationship between
task and device from the perspective of the user” [Jacob et al. 1994]. Paying
attention to the perspective of the user means that we cannot assume that
children are just like adults. There has been significant research on
interaction styles for adults, but until recently very little research has
focused on children’s interactions with computers; “most of [computer]
technology has not been leveraged to make the child-computer interaction
optimal” [Hanna et al. 1999]. It is important that user interface issues are
investigated for children.

In an attempt to understand children’s interactions, one focus of our
research has been children’s activities using the commercial computer
game The Incredible Machine which is described more fully in Section 2. In
earlier work [Inkpen et al. 1995], children were observed as they played in
various collaborative arrangements. IBM-compatible computers were uti-
lized in the initial phase of this study while in a larger, follow-up phase,
Macintosh LCIII computers were utilized. The Incredible Machine software
is available on both platforms, and on the surface, the IBM-compatible and
the Macintosh versions look identical. However, closer examination re-
vealed that the IBM-compatible version utilizes a point-and-click mouse
interaction style, whereas the Macintosh version of the game utilizes a
drag-and-drop mouse interaction style. In the follow-up phase of the study
we observed that many children were having difficulty using the drag-and-
drop interaction style on the Macintosh version. In addition, the number of
puzzles that girls in particular were able to solve while playing the game
was fewer than what children achieved during the preliminary phase of the
study. While the differences in mouse interaction style certainly were not
the only factors that might have contributed to these differences, we
decided to perform an additional study, consisting of two experiments, that
would attempt to determine whether mouse interaction style has a signifi-
cant effect on children’s performance and motivation. This paper describes
that general study.

The remainder of this introductory section provides a theoretical justifi-
cation for the study, references to the previous literature related to the
study, a brief description of the research setting in which the study took
place, and an overview of the study. Section 2 covers the features of The
Incredible Machine that are important for understanding the current
study. The two experiments of the study are described and their results
discussed in Sections 3 and 4, respectively. The paper concludes in Section
5 with some remarks on the lessons learned from the study that apply to

2 • K. M. Inkpen

ACM Transactions on Computer-Human Interaction, Vol. 8, No. 1, March 2001.



the design of children’s mouse-based interactive learning environments.
Suggestions are then made for future research questions that should be
investigated.

1.1 Theoretical Justification

Looking at computers that are commonly found in schools today, we see
machines that have been designed for, and used in, the workplace for many
years. These computers have not been designed with the interactions of
children in mind nor with the goal of supporting learning [Inkpen 1997;
Druin 1999]. Researchers have noticed that some prominent user interface
styles designed for adults may not be appropriate for children.

Berkovitz [1994] found that children had difficulty selecting groups of
objects using a marquee-type selection (outlining a group of objects to be
selected with an imaginary rectangle) because of difficulty choosing the
initial corner of the selection rectangle. Strommen [1994] observed that
children had difficulty maintaining pressure on the mouse button for
extended periods. Numerous other researchers have observed that gender
differences often exist with respect to interactions with computers. For
example, girls and boys think about computers differently [Hall and Cooper
1991; Wilder et al. 1985], have different motivations for using computers
[Inkpen et al. 1994; Upitis and Koch 1996], and have different preferences
and usage styles [Lockheed 1985; Inkpen et al. 1994; Lawry et al. 1995].
Previous research has also shown that software designers incorporate their
own gender biases into the software that they develop [Huff and Cooper
1987]. As a result, it is important that research on children’s interactions
with computers in educational environments be sensitive to gender differ-
ences such as these.

1.2 Previous Literature

Adults’ use of the two mouse interaction styles of drag-and-drop and
point-and-click have been explored by other researchers who examined the
differences in speed and accuracy between the two methods on various
tasks [Boritz et al. 1991; Gillan et al. 1990; MacKenzie 1992a; 1992b; 1991].
The MacKenzie et al. [1991] study concluded that a dragging task was
slower than a pointing task and that more errors were committed during a
dragging task than during a pointing task. We decided to reexamine the
issue of mouse interaction style for three reasons: (1) direct-manipulation
interfaces are more prevalent today than was the case in 1991, and
therefore user experiences may have changed; (2) the previous research
dealt only with adults, and it cannot be assumed that the results will be the
same for children; and (3) gender was not examined at all in the previous
research. While many other input devices such as pen-based input are
becoming common in the workplace, mouse-based input is still the domi-
nant interaction device used by children at both school and home. In order
for this research to have an immediate impact on developers of educational
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software, mouse-based input was the method of interaction explored in this
study.

1.3 Research Setting

The research for the study described in this paper took place at Science
World, in Vancouver, British Columbia, Canada, over the summers of 1994
and 1995, involving several hundred children. Science World is an interac-
tive science museum, where children and adults explore various science
concepts through hands-on activities and experimentation.

The research area for both experiments included a computer set up on a
table in an open area, which was chosen for its visibility to visitors
exploring other exhibits. The research area was set back slightly from the
main traffic and sectioned off with small risers to provide some privacy for
children taking part in the study. Children were positioned with their
backs to the passers-by, which helped to reduce distractions during the
study.

2. THE INCREDIBLE MACHINE

The Incredible Machine1 is a commercial puzzle-solving computer game
produced by Sierra On-Line, Inc. that invites players to construct “Rube
Goldberg”-style machines [Marzio 1973] to achieve particular goals com-
prising a puzzle. A typical initial screen state for The Incredible Machine is
shown in Figure 1. The screen is made up of three different sections: the
playing screen; the parts bin; and the run machine icon, which when
pressed starts the machine. Playing the game (solving a puzzle) involves
moving objects from the parts bin onto the playing screen, configuring the
objects among the objects already on the playing screen to achieve the goals

1The Incredible MachineTM r Sierra On-Line Inc.

Fig. 1. The initial screen for a puzzle from the game The Incredible Machine. The goal is to
break all of the balloons on the screen.
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required for that puzzle. When a player has a configuration of objects to
test as a solution to the puzzle, the machine can be run to see if it performs
the right actions to achieve the required goals. If the configuration success-
fully achieves the goals, a small dialogue box appears in the middle of the
playing screen, congratulating the player for solving the puzzle and invit-
ing the player to advance to the next puzzle. If the configuration does not
successfully achieve the goals, no dialogue box appears, and then the player
is required to press a mouse button to stop the machine. Stopping the
machine results in all of the configured objects being returned to the
positions they occupied before the machine was run and permits the player
to reconfigure objects or add new objects from the parts bin before running
the machine again.2

The main purpose of The Incredible Machine, at least as we use it in an
interactive learning environment, is to provide children an opportunity to
enhance creative problem-solving skills. Reasoning by analogy and drawing
on commonsense knowledge about everyday objects, players are expected to
“solve” the rest of a puzzle by figuring out how to configure some or all of
the objects in the parts bin to completely achieve the required goal.

The remainder of this section discusses the differences between the user
interface for the IBM-compatible version and the Macintosh version of The
Incredible Machine that are important for our study. Further information
on The Incredible Machine is provided in the instruction manual and the
Hint Guide for the game.

2.1 Moving Regular Objects

In the IBM-compatible version of The Incredible Machine, which uses a
point-and-click interaction style, most objects are moved by clicking once on
the object in the parts bin to pick it up (a click refers to pressing the mouse
button down and then releasing), moving the cursor to its desired position
on the playing screen, and finally clicking the mouse button again to place
the object at that position on the playing screen. Once an object has been
picked up, the object disappears from the parts bin, and an iconified picture
of the object is then attached to the cursor to provide visual feedback
confirming that the object is picked up. While this method of feedback
differs from the traditional method of displaying the actual object, or an
outline of the object, this difference does not appear to affect the usability
of the software.

In the Macintosh version of The Incredible Machine, most objects are
moved by pressing the mouse button down on the object in the parts bin to
pick it up (the mouse button is not released at this stage), dragging the
object to the desired position on the playing screen, and releasing the
mouse button to place the object. The visual feedback provided is identical
to that provided in the point-and-click interaction style, but additional

2For a more detailed description of The Incredible Machine see www.acm.org/pubs/citations/
journals/tochi/2001-8-1/p1-inkpen/
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kinesthetic (proprioceptive) feedback is provided by the muscular tension
required to keep the mouse button down while dragging.

Using either of the two techniques just described, if an object is dropped
somewhere other than where it was intended, so long as the position on the
screen is not occupied by another object, the object will be placed at that
position; but if the position on the screen is occupied, an error occurs. Using
the point-and-click interaction style in the IBM-compatible version, the
object will not be placed when an error occurs, but the object will remain
picked up, attached to the cursor and ready for a second attempt at placing
the object. However, using the drag-and-drop interaction style in the
Macintosh version, once the mouse button has been released it cannot be
rereleased to redo the placement part of the action. In this version of the
game the object is placed back in its original position in the parts bin when
a drop error is detected. To attempt the placement again, the player must
return to the parts bin, pick up the object again, and move it back to the
position where it is to be placed.

2.2 Moving Connector Objects

In addition to regular objects, The Incredible Machine has special objects
called connector objects, such as elastics and ropes, which are used to
connect two or more objects together. The main difference between connec-
tor objects and regular objects is that a connector object needs to be
attached in two or more different places to other objects.

Connector objects are moved using the point-and-click interaction style in
the IBM-compatible version of The Incredible Machine in a manner similar
to that used for regular objects. For a connector object that needs to be
attached to two connection points, such as an elastic, (1) the mouse button
is clicked once on the connector object in the parts bin to pick it up, (2) the
connector object is then moved to the first attachment point, (3) the mouse
button is clicked to attach the first end of the connector object, (4) the
connector object is then moved to the second attachment point, and finally
(5) the mouse button is clicked again to connect the second end of the
connector object.

In contrast, the drag-and-drop interaction style in the Macintosh version
of The Incredible Machine moves connector objects by first clicking on the
connector object in the parts bin to pick it up. Because the pickup action for
the connector object is a click, the mouse button is released immediately. If
a drag is attempted at this stage (if the mouse is moved without releasing
the button) an error occurs, and then the connector object returns to its
original position in the parts bin. Once the connector object has been
successfully picked up, the cursor is moved to the first attachment point.
From the first attachment point to the second, a drag-and-drop motion is
performed to attach the connector object. The mouse button is pressed
down on the first attachment point to attach the connector object; then the
cursor is moved to the second attachment point where the mouse button is
released to make the second attachment.
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Connector objects can only be attached to specific objects. Using either of
the two techniques described above, if either attachment point for the
connector object is an incorrect position (not on a valid object or violating a
constraint), an error occurs. Using the point-and-click interaction style in
the IBM-compatible version, if an error occurs the end of the connector
object will not be placed, but the connector object will remain picked up,
attached to the cursor and ready for a second attempt at making the
attachment. Using the drag-and-drop interaction style in the Macintosh
version, if either attachment point is an incorrect position, an error results,
and the connector object is placed back in its original position in the parts
bin. Thus, in the Macintosh version, to attempt to reconnect the objects the
player must return to the parts bin and pick up the connector object again
and move to each of the attachment points again. Not only is the penalty
for an error greater for drag-and-drop than for point-and-click, it is even
more severe if it happens after the first attachment is successful because
both the incorrect second attachment and the correct first attachment will
have to be performed again with the drag-and-drop interaction style. This
problem is frequently encountered when playing the game and appears to
cause a great deal of frustration.

3. EXPERIMENT I: MOUSE INTERACTION IN THE INCREDIBLE MACHINE

Experiment I examined children using a version of The Incredible Machine
that utilized either a point-and-click interaction style or a drag-and-drop
interaction style. The goal of this experiment was to determine the impact
these interaction styles have on children’s achievement and motivation.

3.1 Method

3.1.1 Participants. The participants in Experiment I were 189 girls
between the ages of 9 and 13. The experiment took place at Science World
during the month of August, 1995. All participants were visitors to Science
World who volunteered to take part in the experiment, and who had never
played the computer game The Incredible Machine. The children were
informed that the experiment would take approximately 30 minutes, and
consent forms were signed by a parent or guardian.

Because previous research has found that gender differences often exist
with respect to children’s interactions with computers it was important
that our investigation be sensitive to the possibility of gender differences
[Inkpen 1997; Upitis and Koch 1996; Hall and Cooper 1991; Lockheed 1985;
Wilder et al. 1985]. Due to a limited amount of time available at Science
World we chose to use participants from only one gender. Previous obser-
vations indicated that girls in particular had difficulty using a drag-and-
drop interaction style as opposed to a point-and-click interaction style;
therefore, girls’ interactions were the focus of this experiment.

The age range of 9 to 13 was chosen because previous observations had
shown, that although children of all ages play and enjoy The Incredible
Machine, in general, children under the age of 9 have difficulty learning
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and playing the game without assistance. In addition, to limit the impact
that age would have on the results, we chose to keep the age range small
with 13 as the upper bound.

One hundred and fifty-five girls were observed using the Macintosh
version of The Incredible Machine game, while the other 34 girls were
observed using the IBM-compatible version of The Incredible Machine. The
reason for the difference in the sample sizes was that the data for the girls
playing the Macintosh version of the game were also being used for a
separate study that required a larger sample size [Inkpen et al. 1995].

3.1.2 Hardware and Software. The two platforms used were a 386
IBM-compatible computer running Windows 3.1 with a three-button mouse
and a Macintosh LCIII computer, with a one-button mouse. Color 14-inch
monitors were used with both the PC and the Macintosh. Because The
Incredible Machine is not a time-critical game, no visible differences in
system performance were observed between the two platforms. As the game
utilized only one mouse button, whether or not a one or three-button mouse
was used should not have impacted the results. Because operation of the
game only required input from the mouse, the keyboard was not presented
to the children. Instead, the mouse and mouse-pad were placed in front of
the monitor, and the girls were able to place the mouse and mouse-pad
wherever they felt comfortable using them.

3.1.3 Procedure. The girls were randomly assigned to a particular inter-
action style if both platforms were free; otherwise they were assigned to
use whichever platform was available. The sessions began with welcoming
remarks from the researcher, followed by a brief verbal introduction to the
experiment and to The Incredible Machine, a short interface training
session, and then 30 minutes of time to play The Incredible Machine.

In order to reduce user interface problems during the session, the
interface training session was designed to teach the girls how to manipu-
late objects in the game using one of the interaction styles. The interface
training session demonstrated how to begin playing a puzzle, how to move
objects from the toolbox onto the playing screen, how to connect objects
together, how to flip objects, how to resize objects, and how to run the
configured machine by clicking on the run machine icon.

Following the interface training session, the girls were asked to complete
as many puzzles as they could in the 30 minutes provided. Upon completion
of a puzzle, the girls were required to record the time at which they
finished, and the game then automatically advanced to the next puzzle. The
girls were told that they could stop playing at any time they wished.

3.1.4 Experimental Variables. One independent variable was manipu-
lated in this experiment: mouse interaction style. The girls played using a
version of The Incredible Machine that utilized either a point-and-click
interaction style or a drag-and-drop interaction style. The puzzles to be
solved for both versions of the game were identical. Two dependent variables
were measured: achievement in the game and motivation. Achievement in
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the game was measured by whether or not the girls were able to solve any
puzzles in the 30-minute playing period and the total number of puzzles
they were able to solve. Motivation was measured by whether or not the
girls played for the full 30 minutes.

3.2 Results

3.2.1 Achievement. Table I shows the number of girls who were unable
to solve any puzzles in the game using the IBM-compatible version or the
Macintosh version. Only girls who stayed and played for the full 30
minutes were included in this analysis (32 girls using the IBM-compatible
version, 123 girls using the Macintosh version).

There was a significant difference in the proportion of girls who were
unable to solve any puzzles using the point-and-click interface and the
drag-and-drop interface, x 2~1, N 5 155! 5 5.832, p , 0.05. Of the girls
who stayed and played for the full 30 minutes, 25% of girls using the
point-and-click interface were unable to solve any puzzles compared to 49%
of girls playing using the drag-and-drop interface. The analogous results
for all girls who took part in the experiment, including those who left early,
were 26% for the point-and-click interaction style and 59% for drag-and-
drop interaction style, x 2~1, N 5 189! 5 11.632, p , 0.01.

A Mann-Whitney U test also revealed a significant difference in the
number of puzzles solved by girls in each of the experimental conditions,
U 5 1519, p , 0.05. While girls in both conditions solved between 0 and
5 puzzles, girls using the point-and-click interaction style had higher
rankings than girls using the drag-and-drop interaction style. The mean
number of puzzles solved by girls using the point-and-click interaction style
was 1.66 (SD 5 1.56) and for girls using the drag-and-drop interaction
style was 1.15 (SD 5 1.46).

Therefore, girls using the point-and-click interaction style in the IBM-
compatible version were more successful playing the game than were girls
using the drag-and-drop interaction style in the Macintosh version of the
game. Success was measured by whether or not the girls were able to solve
puzzles in the game and was based on the number of puzzles the girls were
able to solve for each interaction style.

3.2.2 Motivation. Examining all children who took part in the experi-
ment, only two (6%) of the 34 girls using the point-and-click interaction
style in the IBM-compatible version stayed and played for the full 30-
minute period, while a significantly higher percentage of girls, 32 of the 155

Table I. Number of Girls Who Were Unable to Solve Any Puzzles. Note: x2(1, N 5 155) 5
5.832, p , 0.05.

Condition n Solved Zero Puzzles %

Point-and-Click Interface 32 8 25%
Drag-and-Drop Interface 123 60 49%
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girls (21%), left early when using the drag-and-drop interaction style in the
Macintosh version, x 2~1, n 5 189! 5 4.12, p , 0.05. Therefore, girls us-
ing the point-and-click interaction style in the IBM-compatible version
were more motivated to play the game than were girls using the drag-and-
drop interaction style in the Macintosh version of the game where motiva-
tion was measured by the percentage of girls who chose to play the game
for the full 30-minute period.3

3.3 Discussion

The results from Experiment I demonstrate that a point-and-click interac-
tion style, used in an interactive learning environment, can be more
effective in terms of performance and motivation than a drag-and-drop
interaction style. The motivation result also indicates that the Macintosh
version of the game may have had a more difficult and frustrating inter-
face. Because this experiment examined girls using a rich, complex envi-
ronment, implementation details and other issues related to playing the
game itself may have interacted with the results.

One implementation issue that arises when using the drag-and-drop
interaction style is the fact that it is a two-step movement: the mouse
button is pressed down to perform the first action, and the mouse button is
then released to perform the second action. Because manipulating some
objects within The Incredible Machine requires three steps, the designers’
choice of how to implement a three-step motion using a two-step interaction
style could impact how users interact with the system. The Macintosh
version of The Incredible Machine handles three-step movements by first
performing a click (press the mouse button down and then release) to pick
up the object, and then performing a drag-and-drop between the two
endpoints. Because of this, regular objects and connector objects in this
version are moved from the toolbox in two different ways, which creates an
inconsistency in the interface. Because implementation details such as this
may have contributed to the results, Experiment II examined children
using the point-and-click and drag-and-drop interaction styles in isolation,
removing other factors that may have been present in the interactive
learning environment used in Experiment I.

4. EXPERIMENT II: MOUSE INTERACTION IN A SIMPLIFIED SETTING

Experiment II was conducted using a simplified software environment that
presented a similar pair of mouse interaction styles to those used in the
first experiment, but without the possibly confounding factors present in
the more complex interactive learning environment provided by The Incred-
ible Machine. In addition, by using a simplified environment, the experi-
menters were able to configure the run-time software to include additional
data collection that was not available using the commercial software.

3For additional information concerning when the girls chose to leave see www.acm.org/pubs/
citations/journals/tochi/2001-8-1/p1-inkpen/
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4.1 Method

4.1.1 Participants. The participants in Experiment II were 67 children
(34 girls and 33 boys) between the ages of 9 and 13. The experiment took
place at Science World during the month of August, 1996. All participants
were visitors to Science World who volunteered to take part in the experi-
ment. The age range of 9 to 13 was used to correspond with the age range
used in Experiment I. The children who participated in Experiment II were
not the same children who participated in Experiment I. The children were
informed that the experiment would take approximately 20 minutes and
consent forms were signed by a parent or guardian.4

4.1.2 Hardware and Software. A Silicon Graphics workstation with a
three-button mouse was used to conduct the experiment. Because operation
of the game only required input from the mouse, the keyboard was not
presented to the children. Instead the mouse and mouse-pad were placed in
front of the monitor and the children were able to place them wherever
they felt comfortable using them.

Two versions of a special-purpose 2D graphics program written in
OpenGL were developed to support the two different mouse interaction
styles of point-and-click and drag-and-drop for this experiment. The pro-
gram displayed two squares on the screen: a green, solid, source box and a
red, outlined, target box (see Figure 2). The children were required to use a
mouse to pick up the source box, move it over to the target box, and drop it
inside the target box. The two boxes were displayed either 400 pixels or 800

4For background information on the amount of experience the participants had playing video
or computer games see www.acm.org/pubs/citations/journals/tochi/2001-8-1/p1-inkpen/

Fig. 2. The initial screen configuration produced by the software used in Experiment II.
Children were required to move the solid (green) source box on the right to the outlined (red)
target box on the left.
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pixels apart, and each box could be one of two sizes, 32 3 32 pixels or 64 3
64 pixels. This produced eight different possibilities of distance 3 source 3
target. There were approximately 90 pixels/inch on the monitor that was
used in this experiment. Therefore, the width and height of the larger box
was slightly less than three-quarters of an inch and the width and height of
the smaller box was slightly more than one-third of an inch.

The manipulation of distance between boxes as well as source and target
size was used to confirm that the movement could be accurately modeled by
Fitts’ Law. The two sizes were chosen to approximate small and large
objects found in The Incredible Machine. The two distances were chosen to
approximate typical short distance and long distance movements performed
while playing The Incredible Machine. Each possible combination of dis-
tance 3 source 3 target comprised a trial. Two instances of each combina-
tion, for a total of 16 trials, comprised a block. The order of appearance of
each distance 3 source 3 target combination was random within each
block. After each block of 16 trials, the screen would turn black until a
researcher pressed a key to progress on to the next block. The current trial
number was displayed on the top of the screen throughout a session.

One version of the software used a point-and-click mouse interaction
style while the other used a drag-and-drop mouse interaction style. The
point-and-click interaction style required a child to click on the (green)
source box to pick up the object (a click refers to pressing the mouse button
down and then releasing it), then move the source box over to the (red)
target box, and finally click the mouse button again to drop the source box
inside the target box. The drag-and-drop interaction style required the
child to press the mouse button down on the source box to pick it up (the
mouse button was not released at this point), then move the source box over
to the target box, and finally release the mouse button to drop the source
box inside the target box. When the source box was successfully picked up,
visual feedback was provided in both versions of the software by having the
solid green source box turn into an outlined green box, and a small iconified
picture of the source box was then attached to the cursor. During the
movement of the source box, the iconified picture of the source box
remained attached to the cursor until it was dropped, to provide visual
feedback that the source box was picked-up and was being moved, similar
to the visual feedback given by The Incredible Machine.

For both the point-and-click interaction style and the drag-and-drop
interaction style, a successful pickup occurred when the tip of the cursor
was inside the source box and the mouse button was pressed down.
Whether or not the mouse button was released within the source box for
the point-and-click interaction style was irrelevant. A successful drop of the
source box occurred in the point-and-click interaction style when the tip of
the cursor was in the target box and the mouse button was pressed down.
Again, whether or not the mouse button was released inside the target box
was irrelevant. For the drag-and-drop interaction style, a successful drop
occurred when the tip of the cursor was inside the target box and the mouse
button was released. When a child completed a trial (successfully picked up
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the source box and successfully dropped it inside the target box) an audible
beep was sounded to signify success and the system automatically ad-
vanced to the next trial.

Two types of errors were possible during the task: pickup errors and drop
errors. A pickup error occurred when the mouse button was clicked outside
of the source box during a pickup attempt. A drop error occurred in the
point-and-click interaction style when the mouse button was clicked out-
side of the target box during a drop attempt. A drop error occurred in the
drag-and-drop interaction style when the mouse button was released out-
side of the target box. If a pickup error occurred for either the point-and-
click interaction style or the drag-and-drop interaction style, neither the
source box nor the cursor changed its appearance (i.e., the source box did
not become outlined and an iconified picture of the source box was not
attached to the cursor, which would have happened had the source box was
successfully picked up). Following a pickup error, the only possible action
in either interaction style was to attempt to pick up the source box again.

If a drop error occurred in the point-and-click interaction style there were
three possible design choices for how the system could respond: (1) the
source box could return to its original position, and the child would have to
go back and pick it up again; (2) the source box could be placed in the
incorrect place on the screen, requiring the child to pick it up from where it
had been dropped and then move it to the target box; or (3) the source box
could remain picked-up, allowing the child another attempt at correctly
dropping it into the target box. Using the drag-and-drop interaction style
there were only two possible design choices for the system response: (1) the
source box could return to its original position and the child would have to
go back and pick it up again; or (2) the source box could be placed in the
incorrect place on the screen, requiring the child to pick it up again and
then move it to the target box. The third option that existed for point-and-
click did not make sense for drag-and-drop because the erroneous drop
action required the mouse button to be released.

Because the motivation for Experiment II was to further explore the
differences found in Experiment I, error-handling choices were designed to
mimic the two versions of The Incredible Machine. Thus, the point-and-
click version of the software was designed to follow the third option in order
to mimic the IBM-compatible version of the game. In the event of a drop
error, the source box would remain picked-up, attached to the cursor,
allowing the child another attempt at correctly dropping the box inside the
target box.

Similarly, the drag-and-drop version of the software was designed to
follow the first option in order to mimic the Macintosh version of the game.
In the event of a drop error, the source box would return to its original
position, and the child would then have to go back and pick up the source
box again.

The software recorded the time at which each mouse event occurred (both
mouse button-down events and mouse button-up events) and the position
on the screen where the mouse event occurred. In addition, times and
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positions were also recorded for mouse movement. The movement time for a
trial began when the child first attempted to pick up the source box and
ended when the source box was successfully dropped inside the target box.

4.1.3 Procedure. The sessions began with welcoming remarks from the
researcher, followed by a brief, verbal introduction to the experiment. The
task involved a series of trials where children were required to pick up a
source box on the screen, move it to a target box on the screen, and drop the
source box inside the target box. Each child was required to use two
different interaction techniques to complete the task: point-and-click and
drag-and-drop. The order of the interaction style was counterbalanced
within each gender to evenly distribute any practice effects.

At the start of each interaction style, the software was demonstrated to
the children, and they were given one practice block of 16 trials to become
familiar with the interaction style. After the practice block, the children
were asked to perform the same task as quickly as they could without
making too many mistakes. The children performed four blocks of 16 trials
for each interaction style. At the end of each block, the screen would go
blank until the researcher pressed a button. This gave the children a break
between blocks. Each child completed the experimental session in one
20-minute period. During the session the computer recorded the time for
movements as well as the number of pickup and drop errors committed.

Upon completion of the session, each child was asked to rank his or her
preference for interaction style on a nine-point scale. To facilitate this
procedure for children, a pinwheel was used. The pinwheel consisted of two
different colored cardboard circles, each divided into eight pieces. Both
circles were slit and then placed together so that a portion of each circle
could be seen (see Figure 3). Each interaction style was assigned a color,
and the children were required to turn the pinwheel to indicate which
interaction style they preferred and to what degree. If the children pre-
ferred the point-and-click interaction style, they would turn the pinwheel
so that more of the point-and-click color was showing. If the children
preferred the drag-and-drop interaction style, they would turn the pin-
wheel so that more of the drag-and-drop color was showing. If there was no
preference of interaction style, the pinwheel could be placed with equal
amounts of both colors showing. The number of pie-shaped pieces showing
for a particular interaction style color represents its ranking. For example,
the pinwheel on the left of Figure 3 ranks the point-and-click interaction
style at three (three of the dark-colored, point, pieces showing), while the
pinwheel on the right ranks the point-and-click interaction style at seven
(seven of the dark-colored, point, pieces showing). A higher ranking reflects
a greater preference for that interaction style. This technique was used to
make ranking easier for the children because of its visual nature [Borys
and Perlman 1985].

4.1.4 Experimental Variables. The design for Experiment II was a 2 3
2 3 2 3 2 3 2 mixed design, with gender (girls and boys) as the between-
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subject factor and interaction style (point-and-click and drag-and-drop),
distance between the source and the target (400 pixels and 800 pixels), size
of source box (32 3 32 pixels and 64 3 64 pixels), and size of target box
(32 3 32 pixels and 64 3 64 pixels) as the within-subjects factors.

The dependent measures in Experiment II were movement time, two
types of errors, and preference. Movement time was the time it took to
complete a trial (pick up the source box, move it over, and drop it inside the
target box). Errors were the number of incorrect attempts at picking up the
source box (pickup errors) and the number of incorrect attempts at drop-
ping the source box into the target box (drop errors). Preference was
children’s ranking of interaction style on a nine-point scale.

4.2 Results

4.2.1 Overall Movement Times. The average movement times for the
two interaction styles are shown in Table II. Only trials in which no errors
occurred were included in the means. A significant main effect for interac-
tion style was found with the point-and-click interaction style being faster
than the drag-and-drop interaction style, F~1, 65! 5 10.026, p , 0.005.
No significant effect was found for gender, F~1, 65! 5 0.621, ns. As
expected, the main effects for target distance and target size were also
significant, F~1, 65! 5 1369, p , 0.001 and F~1, 65! 5 380, p ,
0.001 respectively. The size of the source box also had a significant effect
on movement time, F~1, 65! 5 15.772, p , 0.001.

4.2.2 Errors. The average number of errors for each interaction style is
shown in Table II. A significant main effect for interaction style was found,
F~1, 65! 5 5.202, p , 0.05, with children committing more errors using
the drag-and-drop interaction style than the point-and-click interaction

Fig. 3. Photographs of the pinwheels used by children to rank preference of interaction style
on a nine-point scale.
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style. A significant main effect for type of error was also found, F~1, 65!

5 14.551, p , 0.001, with children committing more pickup errors than
drop errors. The average number of pickup and drop errors for each
interaction style is shown in Table III. As expected, a significant interac-
tion effect was found between type of error and source or target size, with
the size of the source box significantly effecting the number of pickup
errors and the size of the target box significantly effecting the number of
drop errors. Type of error also interacted significantly with distance 3
source size 3 target size. No significant main effect of gender was found,
F~1, 65! 5 0.036, ns.

Pickup and drop errors were analyzed independently to examine the
significant interaction effects. For pickup errors, significant main effects
were still found for interaction style and size of the source box, F~1, 65!

5 5.853, p , 0.05 and F~1, 65! 5 29.237, p , 0.001 respectively, al-
though a significant interaction of distance was also found. Further analy-
sis revealed a significant main effect of interaction style for long-distance
movements, F~1, 65!11.017 p , 0.01, but not for short-distance move-
ments, F~1, 65! 5 1.722ns.

For drop errors in general, no significant main effect was found for
interaction style, F~1, 65! 5 0.760ns, while target size did reveal a
significant main effect, F~1, 65! 5 25.775, p , 0.001. However, gender
also interacted significantly with target size, F~1, 65!8.113, p , 0.01.
Examining girls and boys separately, we found that interaction style was
the only significant factor on the number of drop errors for girls, F~1, 33!

5 8.183, p , 0.01 (see Figure 4), while for boys interaction style was not
a significant factor on the number of drop errors, F~1, 32! 5 0.174ns.
However, target size was a significant factor on the number of drop error
for boys, F~1, 32! 5 29.522, p , 0.001.

Table II. Average Movement Times and Number of Errors for Each Mouse Interaction
Style

n Drag-and-Drop Point-and-Click F p

Mean Movement Time (ms) 67 1342ms 1261ms 10.026 0.002
(SD 224ms) (SD 227ms)

Mean Number of Errors 67 13.08 10.58 5.202 0.026
(SD 9.88) (SD 10.10)

Table III. Average Number of Pickup and Drop Errors for Each Mouse Interaction Style

Drag-and-Drop Point-and-Click

Error Type n M SD M SD F p

Pickup Errors 67 9.15 6.75 7.15 6.78 5.853 0.018
Drop Errors 67 3.97 3.81 3.43 5.11 0.760 0.386
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4.2.3 Fitts’ Law. Fitts’ Law is an information processing model used to
predict time to move to a target, where the movement time (MT) is
dependent on the distance of the movement and the size of the target,
MT 5 a 1 b log2~2 A / W !. A is the amplitude or distance moved to the
target and W is the width of the target [Fitts 1954]. Welford proposed a
slight variation of Fitts’ Law which was used in this experiment: MT 5 a
1 b log2~A / W 1 0.5!. The logarithmic term is commonly referred to as
the index of difficulty (ID), and the coefficients a and b are computed
through linear regression. Fitts’ Law is commonly used to compare mouse-
based interaction techniques [MacKenzie 1992a; 1992b; 1991; Card et al.
1978; Akamatsu and MacKenzie 1996]. The comparison measure is the
index of performance (IP), the reciprocal of the coefficient b from the Fitts
or Welford equations.

The movement times from this experiment were analyzed to see if they
were accurately modeled by Fitts’ Law. In order to compensate for the
variance in errors between conditions, Welford’s computation of effective
target width (We) was used to normalize the results based on the children’s
observed error rates for each interaction style [Welford 1968]. High corre-
lations (shown in Table IV) were found between the time to complete the
movement (MT) and the index of task difficulty (ID) for each of the
interaction styles for both girls and boys, indicating that the movement was
accurately modeled by Fitts’ Law.

The average indices of performance for the drag-and-drop interaction
style was 2.75 bits/sec. and for the point-and-click interaction style is 2.89
bits/sec. These figures are within the range expected (see MacKenzie
[1992a] for a review of other studies using Fitts’ Law). The Fitts’ Law
models computed through linear regression are shown in Table IV. Each
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Fig. 4. Significant interaction of gender on the number of drop interactions for each
interaction style.
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model was computing by regressing the four distance 3 target size condi-
tions (IDs), calculated using Welford’s variant of Fitts’ Law. The slopes and
intercepts are within the range expected, and both interaction styles have
high R2 values, which indicates a good fit with the model. Thus, for IDs
similar to the ones used in this study, Drag-and-Drop will produce longer
movement times than Point-and-Click.

4.2.4 Preference. The Mann-Whitney Test for preferences of mouse in-
teraction styles revealed a significant difference in preference rankings by
order in which the children performed the interaction styles, U 5 361.5,
p , 0.05. Children who used the drag-and-drop interaction style first were
more likely to state a preference for the point-and-click interaction style
than were children who used the point-and-click interaction style first.5

Children’s preference of interaction style was analyzed using a t-test for
a single mean. The mean was tested against an expected value of four
which represents the neutral point of equal preference for the drag-and-
drop and the point-and-click interaction styles. Children who used the
drag-and-drop interaction style first significantly preferred the point-and-
click interaction style, t~34! 5 4.92, p , 0.001, while no significant pref-
erence of interaction style was found for children who used the point-and-
click interaction style first, t~31! 5 0.15, ns. A Mann-Whitney U test
showed no significant interaction of gender between the preferences for
girls and boys.

Children’s preference of interaction style can be grouped into three
nominal categories: prefer drag-and-drop, no preference, and prefer point-
and-click. A ranking of zero to three would be placed in the “prefer
drag-and-drop” group; a ranking of four would be placed in the “no
preference” group; and a ranking of five to eight would be placed in the
“prefer point-and-click” group. Using this grouping, 28% of the children
preferred the drag-and-drop interaction style (19/67); 66% preferred the
point-and-click interaction style (44/67); and 6% of the children did not
have a preference for either interaction style (4/67). A Chi-square analysis
of the children who expressed a preference of interaction style revealed
that significantly more children preferred the point-and-click mouse inter-
action style than preferred the drag-and-drop mouse interaction style,
x 2~1, N 5 63! 5 9.921, p , 0.01.

5A graph illustrating this data can be found at www.acm.org/pubs/citations/journals/tochi/
2001-8-1/p1-inkpen/

Table IV. The Fitts’ Law Model for the Two Interaction Styles Computed through Linear
Regression. MT is the movement time (ms), and ID is the index of difficulty (bits) where ID

5 log2 (A/We10.5).

Interaction Style Fitts’ Law Model R2

Drag-and-Drop MT 5 2244 1 434ID 0.993
Point-and-Click MT 5 2123 1 381ID 0.995
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4.3 Discussion

The results of Experiment II highlight that point-and-click is a more
effective mouse interaction style than drag-and-drop, both in terms of
speed and accuracy. The results also show that children tend to prefer the
point-and-click interaction style. The following discussion examines other
issues related to the observations gathered in Experiment II. These include
the impact of pickup and drop errors for the given implementations,
reasons why children prefer one interaction style over another, and the
advantages and disadvantages of the drag-and-drop interaction style. In
addition, state-transition diagrams and a GOMS style analysis [John and
Vera 1992; Kieras 1988] of the two interaction styles from both Experiment
I and Experiment II are presented to illustrate why the point-and-click
interaction style is more effective than the drag-and-drop interaction
style.6

4.3.1 Impact of Errors. The movement time results from the repeated
measures analysis in Section 4.2.1 included only those trials in which no
errors were made. This approach has been used in other similar studies
[Card et al. 1978; Boritz et al. 1991]. While these results demonstrated that
the point-and-click interaction style was faster than the drag-and-drop
interaction style, the children made errors on approximately 14% of the
trials. By including the trials in which errors occurred, differences between
the movement times for drag-and-drop and point-and-click increased signif-
icantly, F~1, 65! 5 87.855, p , 0.001. Instead of an average difference
of 63ms between the two interaction methods, the average difference
increased approximated 250% with the drag-and-drop interaction style
becoming on average 220ms slower than the point-and-click interaction
style.

4.3.1.1 Pickup Errors. The number of pickup errors children committed
was, in most cases, more than double the number of drop errors. One
reason for the high number of pickup errors could be the presentation of
the task: the children were required to pick up a source box and move it to
a target box. If the children focused primarily on the dropping portion of
the task as opposed to the pick up portion, they may have been looking
ahead to the task of reaching the target while they were still attempting to
pick up the source box, and therefore they may have been careless.

One pickup error significantly increased the movement time for both the
drag-and-drop interaction style, F~1, 63! 5 531, p , 0.001, and the
point-and-click interaction style, F~1, 63! 5 352, p , 0.001. The time
implication of one pickup error was on average 959ms for the drag-and-
drop interaction style and 743ms for the point-and-click interaction style. It
is interesting that a pickup error was slightly more costly using the
drag-and-drop interaction style than using the point-and-click interaction

6Additional discussion of issues related to the experimental design of this study can be found
at www.acm.org/pubs/citations/journals/tochi/2001-8-1/p1-inkpen/
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style. This could be due to the increased time required to release the mouse
button or that reorienting to perform a drag-and-drop motion takes more
time than for a point-and-click motion. We did not perform an analysis on
the detailed mouse trajectory data. Such an analysis might provide further
insight into performance differences.

4.3.1.2 Drop Errors. The software handled drop errors quite differently
between the point-and-click interaction style and the drag-and-drop inter-
action style. Because the point-and-click movement comprised two discrete
actions (one click to pick up the object, one click to drop the object), failure
during only one of the actions did not require repeating both actions. In
contrast, error recovery during the drag-and-drop movement was more
complicated because the action was one physical motion (press the button
down to pick up the object, release the button to drop the object). If the
target was missed while releasing the button, it was not possible to release
the button again until it was depressed again. Experiment II implemented
the assumption that it was not appropriate to leave the source box in an
incorrect position because this was the case during similar circumstances
in the puzzle-solving game environment from Experiment I. Because of
this, the only alternative was to return the source box back to its original
location, before the motion began. This required a child to go back to the
very beginning of the trial and pick up the source box again, before
reattempting the drop action.

While the software in Experiment II required the children to repeat the
complete action in the case of a drop error using the drag-and-drop
interaction style, this fact should not have affected the overall performance
results presented in Experiment II (Section 4.2). For these results, only
trials in which no errors occurred were included in the analysis. This choice
may, however, have impacted the children’s preference of interaction style
or their motivation to play in Experiment I. It was important to investigate
this type of error handling because for some tasks, such as the placement of
connector object in The Incredible Machine, interim goals are not possible
(i.e., leaving one end of the elastic dangling in the air). In situations such
as this, utilizing a drag-and-drop interaction style is difficult because the
subtasks are fused into one compound gesture. Difficulties arise when an
error is made during one of the subtasks. The whole gesture must be
repeated instead of just one of the subtasks, causing a substantial increase
in the time for the overall movement. An alternative interaction style such
as the point-and-click may be better suited in these situations.

The average time implication for one drop error was 2404ms using the
drag-and-drop interaction style and 468ms using the point-and-click inter-
action style. On average, one drop error significantly increased the move-
ment time 185% for drag-and-drop, F 5 ~1, 45! 5 372.53, p , 0.001,
and 38% for point-and-click, F~1, 48! 5 69.98, p , 0.001. Obviously, the
error-handling mechanism utilized in the drag-and-drop interaction style
contributed to the substantial time penalty for drop errors. This is an
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important result because it highlights the significant effect an interface
choice can have on users’ performance.

4.3.2 Preference. The children were asked why they preferred one
method of interaction to another. The various responses are presented in
Table V. Note that the percentages add up to more than 100%, since some
children provided multiple comments. Many of the children who preferred
the point-and-click interaction style explicitly stated that they found point-
and-click easier than drag-and-drop. They also complained that the drag-
and-drop interaction style made their fingers or hands tired from keeping
the mouse button pressed down. Other researchers have also reported that
children have difficulty maintaining pressure on the mouse button [Strom-
men 1994].

Most children who preferred the drag-and-drop interaction style to the
point-and-click interaction style explained that it was because they were
more familiar with drag-and-drop and that they commonly used software at
home that involved dragging. Another positive benefit of the drag-and-drop
interaction style, mentioned by some of the children, was the tactile
feedback it provided. The children explained that they just had to let go of
the button to drop the box. Therefore, maintaining pressure on the mouse
button reinforced the fact that they were dragging the box. This notion is
supported by Buxton [1986], who explains that a kinesthetic connectivity
can help to reinforce the conceptual connectivity of the subtasks within a
compound gesture.

Table V. Reasons Expressed by the Children for Their Preference of Interaction Style

Comments n %

Point and Click Point-and-Click was easier 19 43%
(N 5 44) Did not like having to hold my finger down on the mouse 12 27%

The box went back all the way to the beginning using drag-
and-drop

9 20.5%

Drag-and-drop hurt my finger 8 18%
My finger accidentally came off when using drag-and-drop 7 16%
Point-and-click was faster 5 11%
Point-and-click was more fun 2 4.5%
No Comment 5 11%

Drag and Drop More familiar with drag-and-drop 7 37%
(N 5 19) Did not have to click as much using drag-and-drop 2 10.5%

Just had to let go to drop the box using drag-and-drop 2 10.5%
Drag-and-drop was harder* 2 10.5%
Drag-and-drop was faster 1 5%
Drag-and-drop was more fun 1 5%
Could see the cursor easier using drag-and-drop** 1 5%
No Comment 4 21%

Note: Some children provided comments from multiple categories.
*Two children stated a preference based on the challenge of performing a more difficult

interaction style.
** The cursor was identical for both interaction styles and therefore should not have been

easier or harder to see for either point-and-click or drag-and-drop.
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4.4 Unified Analysis Using State Transition Diagrams

To understand the implications of errors for each of the interaction styles,
we will analyze our implementations of the drag-and-drop mouse interac-
tion style and the point-and-click mouse interaction style using state
transition diagrams. The state transition diagram for movement using the
drag-and-drop interaction style is shown in Figure 5(a) on the left while
movement using the point-and-click interaction style is shown in Figure
5(b) on the right.

The diagrams show the necessary steps for completing the placement by
moving from top to bottom in the diagram. The states are represented by
the long rectangles. A state comprises a position on the screen and whether
or not the object is picked up. The position on the screen could either be
outside both the source and target boxes, inside the source box, or inside
the target box. Transitions between states are represented in the diagram
by arrows and correspond to mouse movements (M), mouse clicks (C) in the
point-and-click version, and mouse button-down (D) or mouse button-up
events (U) in the drag-and-drop version. M1 represents mouse movements
without maintaining pressure on the mouse button; M2 represents mouse
movements while maintaining pressure on the mouse button. Downward
arrows represent forward progress toward completion of the placement
while upward arrows represent errors or backward movement through the
steps. Errors are represented by double-lined arrows.

Analyzing the state transition diagram shows, that while there are three
possible errors for each interaction style, the impact of these errors differs
depending on the interaction style. When an error is committed using the
point-and-click interaction style the child remains in the current state,
ready for another try. For the drag-and-drop interaction style, when an
error is committed the child is forced to move backward to previous states.
For two of these errors this means going back one state, but for the error
originating in the fourth state, the child must go back three states all the
way to the initial state (indicated by the long backward double arrow). The
child must repeat states one to four as a result of this error. Another
obvious difference is the addition of a new state for the drag-and-drop
interaction style when an error is committed in the first state. The children
must move through this additional state before beginning the movement
again.

The state transition diagram provides the basis for a GOMS style
analysis of the two interactions styles. The goal of the activity is to place
the source box in the target box. This goal is accomplished through the
functional-level operators of “pick up the source box,” “move over to the
target box,” and “drop the source box.” These functional-level operators are
accomplished through the keystroke-level operators of “mouse movements”
and “mouse button events.” The methods to be used are the drag-and-drop
interaction style and the point-and-click interaction style. Let t be the time
to complete the goal; M1 is a mouse movement without maintaining
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pressure on the mouse button; M2 is a mouse movements while maintain-
ing pressure on the mouse button; B is mouse button event (a mouse
button-down or button-up in the drag-and-drop interaction style and a
mouse click for the point-and-click interaction style); and ei is the number
of errors committed in the ith state. The time to complete the goal for each
interaction style is as follows:

Drag-and-Drop: t 5 e1~B 1 B! 1 M1 1 B 1 e3~B 1 B! 1 M2

1 e4~B 1 M1 1 B 1 M2! 1 M2 1 B
Point-and-Click: t 5 e1~B! 1 M1 1 B 1 e3~B! 1 M1 1 e4~B! 1 M1 1 B

Outside Source
Source not picked up

Inside Source
Source not picked up

M1M1

D

Mouse not ready for pick-up

D

Start

[1]

[2]
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U
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Fig. 5. State transition diagrams for (a) the drag-and-drop interaction style on the left and
(b) the point-and-click interaction style on the right used in Experiment II.
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This analysis assumes that all three mouse button events B take similar
amounts of time. Table VI shows the extra operators required for the
drag-and-drop interaction style depending on the number of errors made in
each state. When no errors occur, the time difference between the drag-
and-drop interaction style and the point-and-click interaction style is
2~M2 2 M1!. This equates to the difference between moving the object
while maintaining pressure on the mouse button versus not maintaining
pressure on the mouse button. Based on the results from previous research
[MacKenzie et al. 1991] we know that M2 . M1, and as verified in
Experiment II, the drag-and-drop interaction style would therefore be
slower than the point-and-click interaction style. The analysis also shows,
that for e4 errors occurring in the fourth state, the time difference to
complete the task between the drag-and-drop interaction style and the
point-and-click interactions styles will be e4~M1 1 B 1 M2!12~M2 2 M1!.
For each error in the fourth state, this demonstrates that the drag-and-
drop interaction style has one extra mouse button operation and two extra
mouse movement operations.

The state transition diagram and GOMS-style analysis help validate and
explain the results uncovered in this study. While error handling was
initially recognized to be problematic using the drag-and-drop interaction
style, this analysis provides more detailed information on where the major
difficulties are and the degree of these difficulties. This method can help
designers anticipate potential problems and better design the user inter-
face or interaction style to minimize these difficulties.

Using the state transition diagrams we will also examine the implemen-
tations of these two interaction styles in the Macintosh and IBM-compati-
ble versions of The Incredible Machine used in Experiment I. The state
transition diagrams for placing regular objects is shown in Figure 6 with
the drag-and-drop version on the left and the point-and-click version on the
right.

Again, the diagrams show the necessary steps for completing the place-
ment by moving from top to bottom in the diagram. A state comprises a
position on the screen and whether or not the object is picked up. The
position on the screen could either be inside the parts bin or inside the
playing screen. Inside the playing screen has two variants: on top of

Table VI. Extra Events Required for the Drag-and-Drop Interaction Style Based on the
Number of Errors Committed. M2 is a mouse movement while maintaining pressure on the
mouse; M1 is a mouse movement without maintaining pressure on the mouse; and B is a

mouse button event.

Error States
Extra Operations for the Drag-

and-Drop Interaction Style

No errors 2~M2 2 M1!
For each error in state 1 (e1) B
For each error in state 3 (e3) B
For each error in state 4 (e4) M1 1 B 1 M2
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another object or on top of an empty space. The long arrows passing
through the fourth state indicate that this movement may skip a state (i.e.,
during the placement of an object, the cursor may never need to pass over
another object on the screen).

As was the case for our implementation of the drag-and-drop and the
point-and-click interaction styles, detailed analysis through examination of
the state transition diagrams reveal subtle but important differences,
especially with respect to error handling. Analyzing the state transition
diagrams we notice, that for both interaction styles, an error in the third
state causes the child to back up one state. Errors in the first and fourth

Inside Playing Screen
Object not picked up

Inside Parts Bin
Object not picked up

M1M1

D

Mouse not ready for pick-up

D

Start

[1]

[2]

Placing Regular Objects

(a) Macintosh
Drag-and-Drop

(b) IBM-Compatible
Point-and-Click

U

Inside Parts Bin
Object picked up

Inside Playing Screen, on another object
Object picked up

Inside Playing Screen
Object dropped

Inside Playing Screen, on empty space
Object picked up

M2

M2

U

M2

M2

[3]

[4]

[5]

[6]

Start

M1M1

C

M1

M1M1

M1

C

C

C

MM Move CC Click DD
Button
Down UU

Button
Up

Error

M2

M2

M2

M2

U

C

U

Fig. 6. State transition diagrams for placing regular objects in The Incredible Machine for (a)
the Macintosh version on the left and (b) the IBM-compatible version on the right.
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states, however, have different consequences for the two interaction styles.
Using the point-and-click interaction style the child remains in the same
state, ready for another try. In contrast, an error in the first state results in
the addition of a new state for the drag-and-drop interaction which the
child must move through before beginning the movement again. For an
error in the fourth state, the drag-and-drop interaction style requires the
child to move back three states, all the way to the initial state. This long
backward error for the Macintosh drag-and-drop style suggests a difficulty
with this interaction style that could be frustrating to children if this type
of error occurs.

Using the GOMS-style analysis described previously, the time to com-
plete the goal for each interaction style is as follows:

Drag-and-Drop: t 5 e1~B 1 B! 1 M1 1 B 1 e3~B 1 B! 1 M2

1 e4~B 1 M1 1 B 1 M2! 1 M2 1 B
Point-and-Click: t 5 e1~B! 1 M1 1 B 1 e3~B 1 B! 1 M1 1 e4~B! 1 M1 1 B

Table VII shows the extra operators required for the drag-and-drop
interaction style depending on the number of errors made in each state.

The state transition diagrams for placing connector objects is shown in
Figure 7 with the drag-and-drop version shown on the left and the
point-and-click version shown on the right. This technique clearly illus-
trates the problems children were having while placing connector objects in
Experiment I.

These diagrams are similar to the ones representing the placement of
regular objects in The Incredible Machine except for the composition of
states. For the placement of connector objects, a state comprises a position
on the screen and a status of the placement. The position on the screen
could either be inside the parts bin or inside the playing screen. Inside the
playing screen has three variants: on an invalid endpoint, on the first
endpoint, or on the second endpoint. The status of the movement includes
whether or not the connector object is picked up and whether or not the
first endpoint has been attached.

Analyzing the state transition diagrams for placing connector objects
reveals that the impact of errors is significantly different for the two
interaction styles. The drag-and-drop interaction style has four long errors,
causing the child to move backward anywhere from two to six states. In

Table VII. Extra Events Required for the Drag-and-Drop Interaction Style Based on the
Number of Errors Committed. M2 is a mouse movement while maintaining pressure on the
mouse; M1 is a mouse movement without maintaining pressure on the mouse; and B is a

mouse button event.

Error States
Extra Operations for the Drag-

and-Drop Interaction Style

No errors 2~M2 2 M1!
For each error in state 1 (e1) B
For each error in state 3 (e3) 0
For each error in state 4 (e4) M1 1 B 1 M2
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Fig. 7. State transition diagrams for placing connector objects in The Incredible Machine for
(a) the Macintosh version on the left and (b) the IBM-compatible version on the right.
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contrast, the point-and-click interaction style only has two backward er-
rors, one of which only moves the child back one state. All errors in the
drag-and-drop interaction style cause the child to return to the initial state
to start all over again. Having to continually repeat steps as a result of
errors could be frustrating for children. Another obvious difference between
the two interaction styles is the addition of a new state between the second
and third states for the Macintosh drag-and-drop interaction style. This
means that children must be aware of this additional state, which does not
exist when moving regular objects and therefore presents an inconsistency
in the interaction style for the two types of objects in the Macintosh version
of the game. Another new state is also added when an error is committed in
the first state.

The GOMS-style analysis for the placement of connector objects quanti-
fies the difference between the two interaction styles. The time to complete
the goal for each interaction style is as follows:

Drag-and-Drop: t 5 e1~B 1 B! 1 M1 1 B 1 e3~B 1 M1 1 B! 1 M1

1 e4~B 1 M1 1 B 1 M1! 1 M1 1 B 1 e6~B 1 M1 1 B 1 M1 1 M1

1 B! 1 M2 1 e7~B 1 M1 1 B 1 M1 1 M1 1 B 1 M2! 1 M2 1 B
Point-and-Click: t 5 e1~B! 1 M1 1 B 1 e3~B 1 B! 1 M1 1 e4~B! 1 M1 1 B

1 e6~B 1 M1 1 B 1 M1 1 M1 1 B! 1 M1 1 e7~B! 1 M1 1 B

Table VIII shows the extra steps required for the drag-and-drop interac-
tion style on the number of errors made in each state. This analysis reveals
that errors made while using the drag-and-drop interaction style result in
more operations than when using the point-and-click interaction style. In
particular, an error in the seventh state will result in four extra mouse
movement operations and one extra mouse button operation.

The state transition diagramming technique presented in this section is
an effective method of analyzing interaction styles. It provides a detailed,
visual representation to easily highlight potential problems with an inter-
action style. As illustrated in our use of the technique, comparisons can be
made between alternative interaction styles to help system designers select
the most effective interaction styles for given tasks. The technique can also

Table VIII. Extra Events Required for the Drag-and-Drop Interaction Style Based on the
Number of Errors Committed. M2 is a mouse movement while maintaining pressure on the
mouse; M1 is a mouse movement without maintaining pressure on the mouse; and B is a

mouse button event.

Error States
Extra Operations for the Drag-

and-Drop Interaction Style

No errors 2~M2 2 M1!
For each error in state 1 (e1) B
For each error in state 3 (e3) M1

For each error in state 4 (e4) 2M1 1 B
For each error in state 6 (e6) 0
For each error in state 7 (e7) 3M1 1 M2 1 B
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provide quick feedback when a detailed examination of movement times
and errors is not possible.

5. CONCLUSION

We draw both specific conclusions about the two mouse interaction styles
used in our studies and more general conclusions about the design of
children’s software.

5.1 Research Strategies

A high degree of reliability was obtained in this work by utilizing multiple
research methods to explore the issue of mouse interaction style, where
both studies uncovered the same results. Experiment I was a field study
which focused on investigating children’s natural interactions while they
played the computer game The Incredible Machine, controlling for the type
of mouse interaction style used. This experiment provided realism but was
limited in terms of precision because the differences observed between the
computer platforms may not have been completely attributable to the
interaction style used. Experiment II used a controlled experiment to gain
more precise knowledge of children’s use of both interaction styles but
lacked realism because the task the children performed only represented
one action from the complex game environment used in Experiment I. By
combining the information obtained from both experiments and analyzing
it with state-transition diagrams and GOMS models, we gain a better
understanding of how the choice of interaction style can impact children’s
use of interactive learning environments.

5.2 Drag-and-Drop versus Point-and-Click

One of the most compelling results of this study deals with the children’s
achievement in the puzzle-solving game. Other studies have examined user
interface issues with respect to learning [Root and Canby 1998; Catram-
bone and Carroll 1987; Jackson et al. 1998] but not from the perspective of
how interaction styles impact children’s performance in problem-solving
environments.

The results of this study show that utilizing a point-and-click interaction
style in children’s software can be more effective than using a drag-and-
drop interaction style. Children were able to perform point-and-click inter-
actions significantly faster and with significantly fewer errors than drag-
and-drop interactions, and more children preferred the point-and-click
interaction style. This study also dealt with the issue of whether or not the
choice of mouse interaction style impacts children’s motivation and
achievement in a learning environment. Do a few milliseconds or a couple
of extra errors once in a while really make a difference for children’s use of
an interactive learning environment? The results of our first study (run
only with girls) demonstrated that the choice of interaction style can
significantly impact both motivation and achievement. The girls using the
point-and-click version of The Incredible Machine were more motivated to
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continue playing and were more successful in the game than were girls
using the drag-and-drop version of the game.

While this study shows a strong advantage for utilizing a point-and-click
mouse interaction style over a drag-and-drop mouse interaction style, it is
important to recognize that these results may be implementation or task
dependent. As presented in this and other studies, Fitts’ Law has shown
that dragging is a slower, more error-prone interaction style than pointing,
and that the distance of the movement and size of the target also effect the
results [MacKenzie et al. 1991]. Therefore, the impact of utilizing a
drag-and-drop interaction style over a point-and-click interaction style will
depend on how far objects need to be moved and on the size of the objects or
targets. The tasks, object sizes, and distances moved in this study are
representative of those in many software environments. The implementa-
tions of the two interaction styles were similar to those found in other
pieces of software in many aspects but atypical in others. The point-and-
click interaction style was, for both Experiments, representative of most
implementations of this method. In Experiment I, the movement of regular
objects using the drag-and-drop interaction style was representative; how-
ever, the manipulation of connector objects was atypical, as has been
discussed previously. In Experiment II, the movement of drag-and-drop
was representative, but the error-handling mechanism was atypical for the
type of task performed.

5.3 Impact on the Design of Children’s Software

The results of this study are significant for designers of children’s software
because often such software is developed without involving children in the
design process [Druin 1999; Druin et al. 1997]. Moreover, there is little
research on effective support of children’s interactions with computers, and
what research does exist is often ignored by software developers. For
example, previous research has observed that some children have difficulty
performing a dragging motion because of the physical requirements needed
to maintain constant pressure on the mouse button [Strommen 1994].
Research on adults has shown that a dragging task is slower and that more
errors are made as compared to a pointing task [MacKenzie et al. 1991].
Despite this knowledge, children’s software is often implemented to utilize
a drag-and-drop interaction style. Bringing solid research and strong
results, such as the study discussed in this paper, to the forefront may help
make designers of children’s software think more about the implications of
their design choices.

As the use of computers becomes more prominent we need to be even
more sensitive to how children interact with computers. Computers and
software are no longer being used only by those who wish to play games in
their spare time. While many children are quite proficient in their interac-
tions with computers, and many have adapted to electronic game inter-
faces, this is not true of all children. The designers of children’s software
must be careful not to assume too much about children’s ability to adapt to
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their systems, especially in the design of educational software because, as
shown in this study, design choices do significantly affect children’s inter-
actions with the software. In a school environment, as a learning tool,
computers will be used by all students, so the software must be accessible
to all students.

5.4 Future Work

The study presented in this paper examined mouse-based input for children
because, at the present time, the mouse is the major, nonkeyboard input
device for computers found both at home and at school. Whether or not the
mouse is an appropriate input device for children is another question,
which future research should investigate.

The focus of this research has been to explore common mouse interaction
styles to determine their impact on ease of use and whether or not they
interfere with tasks children perform in a learning environment. Continued
research on human-computer interaction issues for children in educational
environments is extremely important. Only through this kind of research
will we gain an understanding of how computer systems and software can
be effectively designed for children and what kind of impact this technology
can have on their lives.
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