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Abstract
This article presents an experiment in which participant’s working memory,
tasks-switching and focusing skills are trained in a game called Wollie on a
smartphone. A control group trained with a smartphone version of Tetris, which
trained no particular cognitive skills. Participants played their game for at least
10 minutes a day for two weeks. Before and after the training period they performed three task (a recall, Stroop and task-switching task). The goal of this
research was to see how the participants, from the test group, learn within the
game and how this affects the three tasks. A difference between the groups in
improvement on the tasks could indicate near and far transfer of skills learned
by playing the game. Only in the Stroop results a clear difference between the
two groups was found. However, we found that participants who had the most
trouble in playing Wollie (the test game), improved the most on Stroop and
task-switching. This tells us that the small amount of improvement they made
in this game had a large influence on their performance in the tasks. People
like this, who do not yet posses the skills and strategies needed to perform a
task well, can improve and transfer these skills by training with a smartphone
application in their own real world environment.
Keywords: transfer, smartphone, working memory, task-switching, games
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Chapter 1

Introduction
The goal of this paper is to test if transfer can be found between a game on a
smartphone and multiple cognitive tasks. When someone has mastered the art of
skateboarding, it will most probably be easier for him to learn to snowboard than
for his friend who has no skateboarding skills at all. This is because quite some
skills needed for skateboarding overlap with those needed for snowboarding.
Therefore, when learning to snowboard, a skateboarder can use these skills to
quickly pick up this new activity. The phenomenon of using certain skills learned
in one task, while performing a different task is called transfer of skills. Taatgen
(2013) describes transfer as an overlap between tasks. The author explains that
skills needed to perform a task are broken down into small elements, called
primitive information processing elements (PRIMs). While learning a specific
skill, more general skills can be learned as well, which consist of a combination
of PRIMs. When two tasks both need one or more of the same combination
of PRIMs (units), training on one task (skateboarding) can also improve the
performance on the other task (snowboarding). When there is improvement
in the second task, this means that there was transfer of the combination of
PRIMs. Learning to snowboard after already knowing how to skateboard is an
example of one of many ways in which transfer can occur. In this thesis we show
transfer in an experimental setting using smartphone applications as a training
tool. Before the study is discussed in more detail, background information is
given on the different components involved in this research.

Background
Modeling transfer
Taatgen (2013) showed how their model, based on PRIMS, could explain the
transfer found in Singley and Anderson (1985) experiment. It was a 6-day experiment in which subjects worked with text editors for 3 hours each day. There
were six conditions (including one control condition) in which subjects could be
placed and three types of editors to work with. Two line-based editors, ED and
EDT, and a screen-based editor, Emacs. The five possible text editor conditions
were: Emacs - Emacs - Emacs, ED - ED - Emacs, EDT - EDT - Emacs, EDT
- ED - Emacs, ED - EDT - Emacs. To clarify, the condition ED - ED - Emacs
means that subjects worked with ED for 4 days after which they worked 2 days
2
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with Emacs. The results of the experiment showed that subjects became faster
at text editing during the six days, but there were also clear signs of transfer.
An example of this is that in all the conditions in which subjects started with
Emacs on day 5, they were much faster than when they started with Emacs on
day 1. This shows that working with ED and EDT has a positive influence on
working with Emacs. Another example of transfer could be found between the
two line-editors. Specifically, in the results for ED - EDT - Emacs and EDT ED - Emacs. In these conditions subjects switched to a different line editor on
the third day. Again the subjects were faster at using the new line-editor on
day three, than they were at using it on day 1 in the other conditions. Also, the
results for day three where almost the same as in the condition in which they
used the same line-editor on the two previous days. Meaning that the effect of
transfer was so strong that changing line-editor only caused a small decrement
in performance, compared to subjects using the same editor all along. Singley
and Anderson (1985) thought that production rules in the editors should be
identical for transfer to take place. Their model looks at the number of identical productions that two editors share as a proportion of the total number of
productions, which determines the amount of transfer. This model predicted a
lower amount of transfer between ED/EDT and Emacs than what was found.

Figure 1.1: Results of the experiment by Singley and Anderson (1985).

To see if the primitive elements (PRIMS) model could predict the transfer
found in Singley and Anderson (1985) better, Taatgen (2013) had his model
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perform the same tasks. Each task had its own specific model, but because the
tasks had similarities they shared some of the same PRIMs. In the figure below
you can see the results of their model.

Figure 1.2: Results of the model by Taatgen (2013).

When comparing the plots in figure 1 and figure 2, you can immediately see
that the PRIMS model is quite accurate in predicting the amount of transfer in
the text editing experiment. In the PRIMS model the overlap between ED/EDT
and EMACS is not underestimated, because the model does not only look at
task-specific rules, but also at task-general rules. When particular editors do
not share task-specific rules, it is still possible that they use each other’s taskgeneral rules, which causes transfer. (For more details and another example of
a good (PRIMS) model fit see Taatgen (2013).) In this article we try to explain
the transfer found in our experiment with the help of the theory on PRIMS.

Near and far transfer
When talking about transfer, researchers distinguish between near transfer and
far transfer. As Barnett and Ceci (2002) note, near transfer is transfer to a
similar context and far transfer is transfer to a dissimilar context. The example
above on skateboarding and snowboarding is a great example of near transfer,
as skateboarding and snowboarding belong to a similar context within sports.
A good example of far transfer can be found in Chein and Morrison (2010).
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They found that benefits of working memory training could be transferred to
other cognitive skills like comprehensive reading. Another study on transfer
showed how training-related improvement in task-switching abilities could be
transferred to other executive control tasks like the Stroop task and working
memory tasks (Karbach and Kray, 2009). While Klingberg et al. (2005) revealed
how working memory training helps children with ADHD by reducing symptoms
of inattention and impulsivity. In this study we will be trying to find both near
and far transfer.

Education
Research on transfer often points to the field of education as the field that can
gain the most from knowledge of transfer. This, because transfer can help to
learn new skills quickly and most learning opportunities occur in educational
facilities. Transfer is not only important within educational facilities, but also
between a student’s education and future workplace. Eraut (2009) stated in
his paper how important it is that students can transfer their learned skills and
knowledge to their future workplace. But he also concludes that this is not
happening yet: “Until the nature and importance of transfer is recognized and
supported in this way, the impact of education on the workplace will continue
to be lower than expected and the quality of work will suffer from the limited
use of relevant knowledge.”. McKeough et al. (2013) also write about this in
their book Teaching for transfer: Fostering generalization in learning. They
explain that transfer of learning is the ultimate aim of teaching, but achieving
it is also the biggest problem teachers are facing. Both authors show the value
of transfer for educational purposes and confirm our idea that finding out more
about transfer is of much importance.
If the results of, among others, Chein and Morrison (2010), Karbach and
Kray (2009) and Klingberg et al. (2005) are correct, having people train on
certain cognitive tasks could not just improve that specific task, but also help
them in improving in other domains like comprehensive reading or cognitive
processes like reducing impulsivity. If this type of training is to be implemented
in education, it should be done in such a way that people are excited and
motivated to train as much as is needed. Prins et al. (2011) showed how adding
game elements to a working memory (WM) task helped children with ADHD
in their training process. The children displayed greater motivation, better
training performance (fewer errors) and higher working memory scores when
training with a game version of a WM task than when training with a standard
WM task. Therefore, we propose the use of a game in a smartphone application
to find near and far transfer of working memory and task-switching skills.

Why use a smartphone?
By making people train their working memory and task-switching skills by using
a game on their phone it will feel less like training and more like playing a fun
game. This will help with keeping them excited and motivated (Prins et al.,
2011). There have already been successful transfer studies using games to train
certain skills (Anguera et al., 2013), but these were still played on a computer
in an experimental setting. Dufau et al. (2011) have shown how the use of
smartphones to collect data in cognitive science experiments can revolutionize
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the way we do research. In their study they show how cognitive research that
would normally take years can, by using smartphones, be done in a couple of
months. Most people nowadays have a smartphone and bring it with them
wherever they go. This means that they can train whenever they have a few
minutes to spare. Also the amount of subjects can be increased more easily,
because there is no need to come to a research facility every day when subjects
can do the experiment at home.

Skills and strategies
A final and important point to make is that in this study we focus on the
assumption, as stated by Taatgen (2013), that the main motor of transfer is
growth of skills and strategies. Many studies on transfer see brain-training as
if training a muscle, but this would not explain how transfer occurs. While
the primitive elements (PRIMS) theory shows how skills and strategies can be
more easily understood to transfer between tasks. A good example of preferring the skills and strategies theory instead of the idea of training the brain
like a muscle can be found in Oei and Patterson (2013). Subjects were divided into five groups. Each group trained on a different computer game, either
action, spatial memory, match-3, hidden- object, or an agent-based life simulation. Before and after training they performed tasks including an attentional
blink task, a spatial memory and visual search dual task, a visual filter memory
task, and a complex verbal span task. They found transfer between the games
and tasks. The results were as follows: playing the action game eliminated
attentional blink and improved cognitive control and multiple-object tracking.
Match-3, spatial memory and hidden object games improved visual search performance. The latter two also improved spatial working memory. Match-3 and
action game training caused improvement on the complex verbal span task. Oei
and Patterson (2013) concluded that different games enhanced different aspects
of cognition and stated the following: “Overall, these results suggest that many
video game-related cognitive improvements may not be due to training of general
broad cognitive systems such as executive attentional control, but instead due to
frequent utilization of specific cognitive processes during game play.” Training
general broad cognitive systems can be seen as training the brain like a muscle,
which this study shows is not what explains the transfer they found. The specific cognitive processes (i.e. skills and strategies) are what caused the transfer
between the games and tasks.

Overview of the article
We propose an experiment to see if transfer can occur between a game on a
smartphone and three tasks played on a computer. Two groups of participants
will be participating, a test group and a control group. Both groups receive a
different game. The game for the test group is designed in such a way that,
without the participants knowing it, they are training their working memory,
task-switching and focusing skills. Before and after the training period the participants will perform three cognitive tasks on a computer, namely a Stroop, a
recall and a task-switching task. The recall task is a complex working memory
span task with a self-referential processing condition, but for short we will call
it the recall task in this article. The second group of participants is given a

CHAPTER 1. INTRODUCTION

7

game (Tetris) which is designed to have no influence on the skills needed in
the three task. This group will be our control group. We hypothesize that the
participants from the test group will improve more on the three tasks, than the
control group. This difference in improvement is expected because transfer of
skills will be possible between the test game and the three task, because the
game trains them on skills needed in the tasks. Working memory will be needed
in the recall task to recall the right stimuli, task-switching skills will of course
be useful in the task-switching task and finally focusing skills are needed in
Stroop to focus on color in stead of reading the presented word. The game of
the control group will not be training any skills needed in the three tasks and
therefore will not produce transfer. A second hypothesis is that improvement
will only occur if the participant is not already quite good at the skills he is
trained on. If he is already an expert on this skill, he will most likely already be
good at the particular tasks that needs this skill. To test these hypotheses the
data from the experiment will be analyzed in two ways. 1) How do participants
learn within the game? 2) How does this affect the three tasks? The rest of the
paper will give a more elaborate explanation of the experiment. After which
the results will be presented and discussed.

Chapter 2

Methods
Participants
54 participants (31 women, 23 men; mean age 23.4 years, range 19-39 years)
participated in this study. Participants were compensated for their time. They
performed three tasks on a computer after which they were assigned to a control group and a test group. Both groups contained 27 subjects. Each group
received a smartphone application to practice with for two weeks. After these
two weeks they performed the same three tasks on a computer.

Procedure
Participants came to the university to perform session 1 of the experiment.
When a participant entered the room, their phone would be checked to see if
it fulfilled the requirements needed to download and install the smartphone applications. It needed to be an Android phone, with a screen size between 3.7
and 5.5 inch and have an Android version of 3.0 or higher. If this was the case,
the experimenter would check the IMEI number of the smartphone and use the
first 9 numbers as their subject number. This would be written down, as well
as their name and age. The IMEI number was used as a subject number, to
make sure that it was easy to match the pre and post data to the data send
to the server by the smartphone application. Next, they were taken to their
seat and it was explained to them that they were going to perform three tasks,
each taking about 15 minutes. Each task started with an explanation of what
was expected of them. They were asked to raise their hand after they finished
a task, the experimenter would then come over and start the following task on
the computer. In session 1 the participants performed three cognitive tasks on
a computer. The first task was a recall task, the second a Stroop task and the
third a task-switching task.

8
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Recall task
The recall task was created in PsychoPy2 (Peirce, 2007) and is based on the
similar recall task used by Chein and Morrison (2010). In this task the participant was presented with a number of words and letters. Their goal was to
recall only the letters. When presented with a letter, they did not need to do
anything, but when presented with a word they needed to perform a decision
task. They were asked to press yes, the right ctrl key, if they thought the word
referred to themselves. If they did not think the word referred to themselves
they were asked to press no, the left ctrl key. Examples of words presented in
this tasks are: lazy, caring, arrogant and tidy.
The task consisted of seven blocks of which the first was a practice block.
Each block contained three types of trials, one with 4 letters, one with 5 and one
with 6 (span 4, 5 and 6). Each trials consisted of the presentation of the first
letter, followed by 4 seconds of the decision task. After this the next letter was
presented, again followed by 4 seconds of the decision task. This continued until
the length of the span was fulfilled. Each letter was presented for one second.
When all letters where presented followed by the decision task, the participant
had to recall the letters in the correct order. Feedback was given after each
trial. It consisted of the amount of letters recalled correctly and their average
reaction time on the decision task. The feedback page was shown for at least
700 ms. After that time participants could press the space bar to continue.
Another screen appears after the feedback to ask the participant to press the
space bar if he is ready to start the next trial. This page is also visible for at
least 700 ms.

Stroop task
In the second part of the experiment, the participant performed a Stroop task.
This task was created in PsychoPy2 (Peirce, 2007) and is based on the similar
Stroop task used by Juvina and Taatgen (2009). In each trial the participant
would see three words. The word in the middle had a particular color: red, blue
or green. The participant was asked to press Z if the left word described the
color of the word in the middle, or M if the right word described the color of
the word in the middle.
At the beginning of the task a screen was presented with instructions on
which keys to push if the left word was the correct answer (”Z”) and when the
right word was the correct answer (”M”). When they had read the instructions,
they were asked to press the space bar to start some practice trials. The task
consists of a practice block, containing 12 trials, and 4 normal blocks containing
2 x 36 trials. Each block contained an even amount of congruent (red blue blue),
conflict (blue blue green) and neutral trials (red flag green). The entire task
used a list with 36 possible trials of which each was randomly chosen once in
each part of each block. The trials followed each other with a 500 ms pause in
between them. The trial had no maximum time, it would only disappear when
the participant had pressed Z or M. After the practice trials, the participant
was asked if they understood everything, and if so to please press the space bar
to continue the real trials. After each block of 2x36 trials, the participant was
told that this particular block was done and that they could take a small brake
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if they wanted. A reminder of which key to press in which situation was also
given on this screen. When they were ready they could press the space bar to
continue. After the last block a screen would appear saying that the experiment
was done and thanking them for their participation. The screen would close automatically after 2 seconds.

Task-switching task
The final task was created in MATLAB (MATLAB 8.5, The MathWorks Inc.,
Natick, MA, 2015). The type of task was based on the similar task used by
Karbach and Kray (2009), while the design is based on the similar task by
Rogers and Monsell (1995). In this final task, the participant is shown 4 squares.
Every trial, a picture will appear in one of these squares. The first picture will
always appear in the upper left square. In later trials, the picture will appear
in the next square in a clockwise direction. Whenever a picture appeared in the
upper two squares, the task was to judge whether the object in the picture was
small or large. Whenever a picture appeared in the lower two squares, the task
was to judge whether the object in the picture was a fruit or a vegetable. Before
the task started, the participant was shown all possible fruit pictures and all
possible vegetable pictures used in this task. There were two keys used in this
task, d and k. In case there was a picture in the upper two squares d needed
to be pressed if the picture was small and k if the picture was large. In case
there was a picture in one of the lower two squares d needed to be pressed if
the picture depicted a fruit and k if the picture depicted a vegetable.
The first screen in the task shows an explanation of what the task will be like
and which keys to press in which situation. The next two screens show pictures
of all possible fruits and all possible vegetables. After this the instructions are
given for a second time. The following screen will explain that they will first
be doing a practice block and will return to the instruction page every time
they make a mistake in this block. The practice block contains 12 trials, one
trial equals one picture in a square. Feedback is given to the participant after
each trial by presenting “Correct!”(in green for 2 seconds) or “Incorrect!” (in
red for 4 seconds) in the center of the screen. If a participant makes a mistake
in the practice block, the instruction screen is shown again to make sure the
participant knows which key is used in which situation. After each feedback
moment, “Ready?” is presented in the center of the screen and the participant
needs to press the space bar to start the next trial. After the practice block and
between each following block a screen will show which block out of the total of
12 block they will be starting next. During this screen they can take a small
break and press the space bar when they feel ready to start the next block. In
total, there are 12 blocks in this task, including the practice block.
After performing these three tasks, the participants were assigned to one of
two groups. This was done semi-randomly to ensure that the two groups would,
on average, not differ too much on their scores in the first session. If the average
scores of the two groups differ a lot, it could be said that the group with the
lowest scores had more room to improve than the group with the higher scores.
This method of assigning participants to groups would diminish the difference
between the averages of the two groups on each task.
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After the participant had completed the pre-test its data was put through an
R script (R Development Core Team, 2015), which calculated the participants
score on each task and showed the new group average for the two possible
choices: putting the participant in the control group or putting the participant
in the test group. The researcher then chose to put the participant in the group
which would make the average difference between the two groups as small as
possible. When neither of the group choices would make a great difference in
the average scores, the group containing the least participants at that moment
would be chosen. This was done to ensure that the group sizes would not differ
too much. The group choice would be entered into the R script and the new
averages were saved and used for the decision on the next participant to be put
in one of the two groups.
Directly after being put in one of the two groups the participant would get
an e-mail including the smartphone application they would be training with.
The participants were not aware if they were in the test group or the control
group. Participants in the test group got the smart phone application called
Wollie, the control group got the smartphone application Tetris. They had to
install the application while they were still in the experiment room to make
sure that the installation process was successful. The participant was then told
again what was expected of him during the next two weeks and when to return
for the second session.

Wollie
The game Wollie was created for the test group to train the subjects working
memory, task switching and focusing skills. It is based on a smartphone game
called Rules, which can be found in the App Store. When opening the application for the first time, the player is asked to type in its age and sex. After this
the player is directed to the instruction screen, which explains what is expected
of him for the next two weeks, namely practicing at least 10 minutes each day.
The instruction screen can also be reached later on from the main screen, in case
the player wants to read the instructions again. After reading the instruction,
the player can start playing the game. See figure 2.1 for multiple screen shots
of the game.
The game consists of 9 levels, which can be played in two difficulty modes,
beginner and expert. The goal of this game is to complete each level, by remembering and applying rules. Each new level is a bit harder than the previous
one, because the higher the level the more complex the rules. In each level you
will eventually have to remember 10 rules. See table 2.1 for the rules in level
1. (See appendix A for all the rules for all 9 levels.) When starting a level, the
player receives 30 seconds of playing time in the beginner mode and 20 seconds
in the expert mode. Each level starts with a presentation of the first rule, for
instance: Tap in descending order. After being presented with this rule, a new
screen appears with a 4 by 4 grid of blocks, each block containing a picture and
a number. Each new 4x4 grid differs in pictures and numbers from the previous
grid. (See appendix B for all possible images used in the game.)
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Figure 2.1: Four screen shots of the smartphone game Wollie. Top left: the home
screen. Top right: screen to chose which level to play. Bottom left: screen showing
the newest rule to apply. Bottom right: game play screen with 4x4 grid.
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Rules level 1 Wollie
1

Tap numbers in descending order.

2

Tap all things green.

3

Tap odd numbers.

4

Tap nines.

5

Tap animals.

6

Tap walruses.

7

Tap monsters.

8

Tap green monsters.

9

Tap birds.

10

Tap tens.

Table 2.1: This table shows the 10 rules in level 1 of the smartphone game Wollie.

The first rule, needs to be applied to these blocks. Applying this particular
first rule, means tapping the blocks in order of high to low numbers. When
the correct block is tapped, it disappears. When an incorrect block is tapped
it will expand for half a second after which it returns to its former size. When
all blocks are removed from the field within the given time frame the player
has successfully completed the first rule. Eleven seconds will be added to the
amount of time the player had left (8 seconds in the expert mode). This will
be the amount of time the player will have for the second part of the level.
In the second part of the level, the player is presented with the second rule,
for instance: Tap all green things. After the presentation of the second rule,
a new 4 by 4 grid appears. Now that we have more than one rule, the newest
rule is always applied first. In this case this means, that all blocks containing
an image which is green will be tapped first, when there are no more green
images, the first rule must be applied, until all blocks are removed from the
field. Again, when the player empties the screen within his playing time, he
has successfully completed the second part of this level. Whenever one rule is
applied successfully, meaning that there are no more blocks for this rule and the
player needs to switch to an older rule, the screen flashes yellow for a second.
In case the smartphone is on vibrate, the phone will also vibrate on a switch
moment. If the smartphone is on normal mode, it will not vibrate but it will
play a short sound. All of this is to help the player realize that he needs to
switch to a different rule.
This process described above repeats itself until the player has learned and
applied 10 rules. If all 10 rules are applied within the time, the level is completed.
The played needs to complete level 1 before it can play level 2 and so on. When
all 9 levels are completed in easy mode, they can also be played in the difficult
mode. There is no real penalty on clicking the wrong tiles in the 4x4 grid, except
for time loss due to the time it took to perform the incorrect click.
The rules that need to be applied to the 4x4 grid have to be recalled from
memory. Learning to store and recall these rules will help the participants train
their working memory. Every time they have tapped all the images for one rule,
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they need to switch to the previous rule and tap the images for this rule. These
switching moments will help train the participant’s task-switching skills. Learning to focus on the rule to come and therefore thinking about which attributes
of the images to focus on will train their focusing skills. To help the participant
in remembering to play the game everyday a notification will appear on their
phone everyday at 7 o’clock at night.

Tetris
The game Tetris was created for the control group. Green and Bavelier (2003)
also used Tetris as a control task. They state: ”This game contains a challenging
visuo-motor component but, whereas action games require that attention is distributed and/or switched around the field, Tetris demands focus on one object at
a time. Tetris, therefore, would not be expected to change the aspects of visual
attention described above and thus affords an excellent control...”. The same
can be said for this study. The game Wollie requires subjects to switch between
tasks and recall rules, while Tetris only requires subjects to focus on one object
at a time. Making it a good control task. Because Tetris is a well known game,
which is reproduced for all kinds of platform we used some basic Java code
found on the open-source website Github (www.github.com/tdan94/Tetris, at
the moment of publishing this Github repository was no longer available) and
added what we needed to use it in our experiment. See figure 2.2 for some screen
shots of our version of Tetris.
The objective of the game is to manipulate the Tetris blocks, by moving
each one sideways and rotating it by 90 degrees units, with the aim of creating
a horizontal line of 10 units without gaps. When such a line is created, it
disappears, and any block above the deleted line will fall. The longer the player
can keep this up, the faster the blocks will fall down. The game is over when the
Tetris blocks come up to the top of the screen. There are buttons on the screen
to move the block to the left and right side. A button with an arrow pointing
downward can be used to the block fall to the bottom at once. Pressing the
middle of the screen makes the block rotate.
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Figure 2.2: Screen shots of the smartphone game Tetris. Left: the home screen,
right: the game play screen.

The game keeps track of four different kinds of scores. The amount of points
the player has earned so far. The level the player has reached so far. How many
lines the player has been able to delete and finally, when the player deletes 4
lines at once this is called a Tetris and this is saved as well. In the main screen
the player can see his high score. The goal of the player is to keep beating their
own high score.
Both applications show the participants how much they had to play on that
day, to make sure they reached their total playing time of 140 minutes within
two weeks. The applications also presented a reminder at seven o’clock at night,
which told them if they had already played enough and if not, how much time
they still needed to play that day. Data about their training behavior was stored
on the participant’s smartphone and send to a server. It would always be data
from the previous day and only send over a WIFI connection. This would make
sure that we received all the data for each day and it would not cost the participant any money. After two weeks of training the participants came back for
the second session. They performed the same three tasks as performed in the
first session, namely recall, Stroop and task-switching.

Chapter 3

Results
For each task we will present an array of results. First, we test the difference in
improvement between the control and test group with an ANOVA. After which
we dig a little deeper into the influence of each group’s smartphone application
on the scores of the task. The influence of the condition (Wollie/Tetris) on
the pre/post scores will be given. Also, for each task a table will be presented
showing the correlation between the following variables and the accuracy score
of the task: Time, Level20, Level120, DiffLevel and HighScore. Time is the
total amount of time a subject has trained with the application. Level20 is the
highest level reached after 20 minutes. Level120 is the highest level reached
after 120 minutes. DiffLevel is the difference between Level20 and Level120.
HighScore is the highest level reached. Because Tetris has no levels we use the
highest score at the specific time points instead of the level when looking at the
influence of Tetris on the accuracy score of the task.

Recall
Figure 3.1 shows the average pre and post recall scores of the two smartphone
application groups. Looking at the graph it is not surprising that when performing an ANOVA it showed no effect of group on improvement in accuracy
F(1,52)=0.412, p=0.524. Both group seem to improve an equal amount. In
table 3.1 the correlations between the game variables (mentioned above) and
the improvement on the recall task are presented. There is only one significant
correlation, which is between Level120 and the improvement on the task in the
Tetris group.

16
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Figure 3.1: The influence of the two different smartphone applications on the correct
amount of recalled letters in the Recall task.

Recall correlation values
Group

Time

Level20

Level120

DiffLevel

HighScore

Wollie

-0.20 (0.32)

0.10 (0.61)

0.18 (0.36)

0.18 (0.36)

0.10 (0.64)

Tetris

-0.14 (0.48)

-0.27 (0.17)

-0.39 (0.046*)

-0.31 (0.12)

-0.38 (0.051)

Table 3.1: In this table all the correlations values and p-values are presented for the
Recall task. The p-values are presented within parenthesis. The * means that the
result was significant (p<0.05).

Stroop
In figure 3.2 the average pre and post scores on the Stroop task are presented. The ANOVA showed a weak effect of group on improvement in accuracy
F(1,52)=3.91, p=0.053. To see if the game variables had some impact on the
improvement on the task, the correlations were calculated. Table 3.2 shows the
influence of previously discussed variables on the improvement in the Stroop
task. In the Wollie group both DiffLevel and HighScore have a negative significant influence on the improvement. This means that the lower the DiffLevel
or Highscore, the higher the improvement on the task. For Tetris no significant correlations were found. In the next figure (3.3) the significant negative
correlation between DiffLevel and the improvement in accuracy can be seen.
The correlation of -0.42 (p=0.03) means that 17.6% of the improvement on the
task can be assigned to the DiffLevel variable. This figure also shows us that
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subjects who improved greatly in Wollie, were also likely to score high on the
first Stroop task session.

Figure 3.2: The influence of the two different smartphone applications on the Stroop
Interference.

Stroop correlation values
Group

Time

Level20

Level120

DiffLevel

HighScore

Wollie

-0.07 (0.74)

-0.20 (0.92)

-0.37 (0.057)

-0.42 (0.03*)

-0.42 (0.03*)

Tetris

0.16 (0.44)

-0.20 (0.32)

0.05 (0.82)

0.29 (0.14)

0.004 (0.99)

Table 3.2: In this table all the correlations values and p-values are presented for the
Stroop task. The p-values are presented within parenthesis. The * means that the
result was significant (p<0.05).

CHAPTER 3. RESULTS

19

Figure 3.3: The improvement on the Stroop Interference for subjects with a low
and subjects with a high DiffLevel in the test group. A low DiffLevel means that
subjects only had a small improvement in reached levels between 20 and 120 minutes
of training.

Task Switching
In the Task Switching data there was one person in the control group who
had a switch-cost of 2182 ms, which was much larger than that of any other
participant. Therefore this subject was excluded from the Task Switching data
pool.
Figure 3.4 shows the average pre and post switch-costs for each group. The
ANOVA showed no effect of group on improvement in accuracy F(1,51)=0.996,
p=0.32. However, if we look at table 3.3 it can be seen that in the Wollie group
there are a few variables which had a significant correlation with the amount of
improvement in switch-costs, namely Level120, DiffLevel and HighScore. Similar
to the Stroop data these significant correlation were negative. Meaning that the
higher the variable (e.g. DiffLevel), the lower the improvement in switch-costs.
In figure 3.5 a graph with a visualization of the correlation between subjects’
DiffLevel and the amount of improvement on the switch-costs is presented. The
correlation of -0.43 (p=0.023) means that 18.5% of the improvement on this
task can be assigned to the DiffLevel variable. The graph is very similar to
figure 3.3, were the improvement for the low and high DiffLevel group was also
presented, but then for the Stroop task. Just like figure 3.3, figure 3.5 indicates
that participants who improve greatly in Wollie (a high DiffLevel ) were also
likely to score high on the first task-switching session.
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Figure 3.4: The influence of the two different smartphone applications on the switchcosts in the Task Switching task.

Task Switching correlation values
Group

Time

Level20

Level120

DiffLevel

HighScore

Wollie

0.05 (0.80)

-0.18 (0.37)

-0.42 (0.029*)

-0.43 (0.023*)

-0.42 (0.031*)

Tetris

0.0 (1.0)

0.08 (0.71)

0.18 (0.38)

0.20 (0.32)

0.03 (0.87)

Table 3.3: In this table all the correlations values and p-values are presented for the
task-switching task. The p-values are presented within parenthesis. The * means that
the result was significant (p<0.05).
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Figure 3.5: The improvement on the switch-costs between subjects with a low and
subjects with a high DiffLevel in the test group. A low DiffLevel means that subjects
only had a small improvement in reached levels between 20 and 120 minutes of training.

Application Data
For every day that the subjects were training, the application has send data to
a server. In this section some results from the analyses of this data is presented,
namely the average amount of errors, the switch-costs and non-switch trials for
the low and high DiffLevel group that played Wollie.
In figure 3.6 the average amount of errors for each 1/10 section of the training
time of the participants is presented. As can be seen, the participants in the high
DiffLevel group consistently make more errors than those in the low DiffLevel
group. When completing one section of the level you need to click at least 16
times (4 x 4 grid, see figure 2.1), and every time the player makes an error (clicks
the wrong tile) one extra click will be needed to finish the rule in time. There
was no penalty for making an error other than losing time that was used up by
clicking this incorrect tile. Making these errors does not cause high DiffLevel
players to not complete the levels in time, which means that they would have to
have clicked faster to complete the level. By clicking faster players are taking a
risk, but apparently a risk that is worth taking.
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Figure 3.6: Average percentage of key presses that were errors in each 1/10 section
of the period of training on the smartphone application Wollie for the low and high
DiffLevel group. DiffLevel is the amount of levels reached between 20 and 120 minutes
of training.

In figure 3.7 and 3.8 the average switch and non-switch trial times for each
1/10 section of the training time are presented. Both groups improved on their
switch trials, the high DiffLevel group clearly more than the low DiffLevel group.
The high DiffLevel group also improved on their non-switch trials (figure 3.8),
while the low DiffLevel group stayed around the 800 - 900 ms. The improvement
in the high DiffLevel group can be explained. Most participants belonging to
this group reached the expert levels of the game in which the starting time at
the beginning of a new level was 20 seconds instead of 30. To complete these
expert levels, the participants had to be able to reduce their reaction times in
both the switch and non-switch trials.
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Figure 3.7: Average switch trial time in each 1/10 section of the period of training
on the smartphone application Wollie for the low and high DiffLevel group. DiffLevel
is the amount of levels reached between 20 and 120 minutes of training.

Figure 3.8: Average non-switch trial time in each 1/10 section of the period of
training on the smartphone application Wollie for the low and high DiffLevel group.
DiffLevel is the amount of levels reached between 20 and 120 minutes of training.
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Figure 3.9 shows the average switch-cost of each DiffLevel group for each
1/10 section of the training time. The switch-cost is the difference between the
time it takes to perform a non-switch trial and a switch-trial. Both DiffLevel
groups seem to reduce their switch-costs over time, the high DiffLevel group
a bit more than the low DiffLevel group. This improvement in switch-cost
indicates a learning process in Wollie. The better they become at the game,
the less the switching from one rule to another will affect their reaction time.
Important to see is that the small amount of improvement the low DiffLevel
group has accomplished has a large effect on how they performed on the Stroop
and task-switching task (figure 3.3 and 3.5). We can also conclude from these
figures that the low DiffLevel group has a different speed/accuracy trade-off
than the high DiffLevel group. Low DiffLevel participants are slow, but make
less errors and high DiffLevel participants are faster, but make more errors.

Figure 3.9: Average switch cost in each 1/10 section of the period of training on the
smartphone application Wollie for the low and high DiffLevel group. DiffLevel is the
amount of levels reached between 20 and 120 minutes of training.

Chapter 4

Discussion
In this study we wanted to see if transfer could be found between a game on
a smartphone and multiple cognitive tasks. An experiment was conducted in
which participants performed three tasks (a recall task, a Stroop task and a taskswitching task) on a computer. After this, they were divided into two groups (a
control and a test group) that both received a different smartphone application
containing a game. The control game was Tetris and the test game was called
Wollie. Wollie trained the participant’s working memory, task-switching and
focusing skills. After two weeks of training the participants performed the same
three tasks for a second time. The results varied a lot between the tasks. The
Stroop task showed the biggest difference in improvement on the task between
the control and test group, followed by task-switching, while recall showed no
effect at all. We will discuss these results by following the same order used in
the result section. After which we will discuss future research possibilities.
The type of recall task we used in this research was a complex working memory
span task with a self-referential processing condition, but for readability purposes we used the name recall task. The task to be performed consisted of two
small tasks. 1) Recalling the letters the participant has seen, and 2) reacting
to a decision tasks. The decision task consisted of words with an emotional attribute like: jealous, rude, sensitive or popular. The participant had to press a
yes or a no button depending on if they thought the word applied to themselves.
The results showed no difference in improvement between the two groups
and when looking at the individual pre and post score of each participant in
both groups we found large individual differences within each group. Which
tells us that this type of cognitive task is performed in different ways between
individuals. There was no uniform approach to be found. This could be because
some might take the decision task very serious and by focusing a lot of attention
on it perform badly on the recall part of the task. While others discard the
decision task somewhat which allows them to focus more on the recall part of
the task. It can even be that a participant uses the first approach in session
1 and the second in session 2 or vice versa. This can not be checked, because
there are no wrong answers on the decision task. It is the participant’s own
opinion if a word applies to them or not.
Another explanation for the lack of difference between the two groups is
the type of rehearsal which is needed in the recall task. In the recall task the
25
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rehearsal of letters is regularly interrupted by the decision task. In Wollie participants can rehearse the rules in peace during the presentation of the next rule.
Training this type of non-interrupted rehearsal could simply not be complicated
enough to help improve performance in the recall task. For these reasons, we
would not use this type of recall task again.
In the Tetris group a correlation was found between the Level120 variable
and the improvement on the task. There could be a chance that, even though we
used Tetris because it would not train any important cognitive skills, it might
have trained some skill which is needed in the recall task. Due to the fact that
no uniform approach to the task could be found even within one group, it is
hard to draw any hard conclusions about this correlation.
There was a weak effect of group on improvement in accuracy on the Stroop
task. The results in table 3.2 confirm that Wollie has some kind of influence on
performing the Stroop task. Significant influences of DiffLevel and HighScore
were found in the Wollie group and no significant influences in the control group
(see table 3.2 for all correlation values). Slightly surprising was that the influence
was negative. We expected people that improve a lot (reach a high level) in
Wollie to show the most improvement on the Stroop task. However, people with
a low DiffLevel improved significantly more than people with a high DiffLevel.
Figure 3.3 provides us with an explanation. The high DiffLevel group already
seems to perform much better on the Stroop task and has therefore less space
to improve than the low DiffLevel group. This supports our hypothesis that
improvement will only occur if the participant is not already quite good at the
skill he is trained on. This result also tells us that people who are not so good
at performing the Stroop task can benefit from training with Wollie.
Taatgen (2013) talked about the growth of skills and strategies being the
main motor of transfer. The results found can be explained by this principle.
The skills and strategies needed can be transferred from Wollie to Stroop. People who are already good at Stroop already posses these skills and strategies
and are therefore also more likely to perform well on the Wollie game. This is an
example of far transfer (Barnett and Ceci, 2002). It is far transfer, because the
game Wollie and the Stroop task are, at first sight, not closely related. What
we expect is that Wollie and Stroop do not share many task-specific rules, but
probably some task-general rules. In playing Wollie participants learn to anticipate an upcoming stimulus and focus on a particular aspect of this stimulus.
For instance, they have learned that the new rule is Tap all green things. As
soon as the grid is visible they search for green things and ignore other aspects
of the stimuli until a different rule needs to be applied. When waiting for the
next Stroop trial a participant can anticipate what he needs to do, namely ignore the letters and only focus on the color of the word. While performing the
Stroop task, participants can benefit from the training of this focusing skill they
had in Wollie.
No effect of group on improvement in accuracy was found in the task-switching
task. However, significant influences (DiffLevel, HighScore and Level120 ) are
again found in the Wollie group and non in the control group. This tells us that
improving on Wollie is of influence on the performance on the task-switching
task. The control group did, however, improve as well. This could be due to
low statistical power and more participants are needed to find the significant
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difference between the groups.
The influence of the variables in the Wollie data were again negative, meaning that the lower the score on this variable, the higher the improvement in
the game. Figure 3.5 tells the same story as figure 3.3 did for the Stroop data.
People with a low DiffLevel start of poorly on the task, but improve to the
same score as people with a high DiffLevel. This shows that people who are bad
at task-switching benefit a lot from training with Wollie. Which can again be
explained by the idea of transfer of primitive information processing elements
(PRIMs) (Taatgen, 2013). Wollie trains task-switching skills which are composed from PRIMs and these PRIMs can therefore easily be transferred to a
task that also needs these task-switching skills. This is a good example of near
transfer, because both the game and task require task-switching skills.
Analyses of the application data gave some insight into participant’s training
behavior. The most obvious difference between the low and high DiffLevel group
was their different speed/accuracy trade-off. Low DiffLevel participants were
slow, but made fewer errors, while high DiffLevel participants were faster, but
made more errors.
At the beginning of this study two hypotheses were introduced. Firstly, the
participants in the test group would improve more than those in the control
group. The results from the Stroop task seemed to support this hypothesis,
but the results from the task switching task did not. However, in both tasks a
significant influence of training with the smart phone game on the improvement
on the tasks was found. Which means that there was far transfer between Wollie
and Stroop due to training of a focusing skill and near transfer between Wollie
and task switching due to training of the task switching skill. To find transfer of
working memory skills, future research could try a different recall task in which
the type of rehearsal is the same as in Wollie.
The second hypothesis was that improvement would only occur if the participant is not already good at the skill he is trained on. Results from both Stroop
and task-switching supported this idea. Participants who reached a high level
in Wollie, already scored high in the first session of both tasks. Participants
that had difficulty improving on Wollie, had low scores in the first session of
the tasks. They were clearly not good at the skills needed for these tasks. But
after training they improved to the same level as the better players, who already
possessed the skills and strategies needed.
Future research on this topic should focus on those people who do not yet
posses the skills and strategies needed to succeed in particular areas of their lives.
Those people are the ones who will eventually benefit most from knowledge on
transfer. They could be children in an educational facility, but also adults
needing to improve some skills to apply in their workspace. This research has
shown that people can benefit from even a small amount of training with a
smart phone application. Nowadays, most people own a smart phone and carry
it with them all day. Making this an easier and fun way to practice new skills.
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Appendix A

Rules Wollie
Rules level 1 Wollie
1

Tap numbers in descending order.

2

Tap all things green.

3

Tap odd numbers.

4

Tap nines.

5

Tap animals.

6

Tap walruses.

7

Tap monsters.

8

Tap green monsters.

9

Tap birds.

10

Tap tens.

Rules level 2 Wollie
1

Tap numbers in ascending order.

2

Tap twos.

3

Tap ones.

4

Tap bulls.

5

Tap birds.

6

Tap yellow birds.

7

Tap gingerbread men.

8

Tap sixes.

9

Tap starfish.

10

Tap tens.
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Rules level 3 Wollie
1

Tap numbers in ascending order.

2

Tap bunnies.

3

Tap green bunnies.

4

Tap odd numbers.

5

Tap red dinosaurs.

6

Tap eggs.

7

Tap threes.

8

Tap sevens.

9

Tap blue starfish.

10

Tap monsters.

Rules level 4 Wollie
1

Tap numbers in descending order.

2

Tap Lego blocks.

3

Tap yellow butterflies.

4

Tap fours.

5

Tap things you can drive in.

6

Tap green ducks.

7

Tap blue monsters.

8

Tap monsters with one eye.

9

Tap fires.

10

Tap wolves.
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Rules level 5 Wollie
1

Tap numbers in ascending order.

2

Tap orange toys.

3

Tap all rocking horses.

4

Tap even numbers.

5

Tap all things facing right.

6

Tap yellow tv’s.

7

Tap fish.

8

Tap eights.

9

Tap fires.

10

Tap yellow owls.

Rules level 6 Wollie
1

Tap numbers in ascending order.

2

Tap red bunnies.

3

Tap cars.

4

Tap sixes.

5

Tap yellow monsters.

6

Tap things with teeth showing.

7

Tap light bulbs.

8

Tap toy blocks.

9

Tap green bulls.

10

Tap orange fish.
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Rules level 7 Wollie
1

Tap numbers in descending order.

2

Tap red butterflies.

3

Tap all blue things.

4

Tap green monsters.

5

Tap all animals that can fly.

6

Tap green toys.

7

Tap monsters with one eye.

8

Tap dinosaurs.

9

Tap yellow trucks.

10

Tap sixes.

Rules level 8 Wollie
1

Tap numbers in ascending order.

2

Tap all yellow things.

3

Tap red wolves.

4

Tap all things that are not animals.

5

Tap green owls.

6

Tap all animals and monsters shown from the front.

7

Tap beavers.

8

Tap things with teeth showing, but which are not animals.

9

Tap red things in which you can drive.

10

Tap birds.
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Rules level 9 Wollie
1

Tap numbers in descending order.

2

Tap all things facing left.

3

Tap green toys.

4

Tap all animals facing right.

5

Tap monsters.

6

Tap all animals that can fly.

7

Tap all animals that howl.

8

Tap everything that is not an animal.

9

Tap sevens.

10

Tap things with teeth showing.
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Appendix B

Images Wollie

Figure B.1: Images used in the smartphone game Wollie. Every image, except for
the fire, comes in five different colors (blue, red, yellow, green and orange).
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