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O r i g i n a l

Increased enjoyment using a tablet-based serious
game with regularly changing visual elements:

A pilot study

Serious games are games meant for purposes 
other than entertainment1, finding uses in fields 
such as rehabilitation2, training3, education4, and 
learning5. They come in various shapes and siz-
es depending on the application area6. Serious 
games targeted at applications like post-trauma 
stress disorder rehabilitation are often immersive 
and realistic, because they need to accurately 
simulate the situations in which the trauma oc-
curred7. Serious games for training specialized 
skills, like surgery, have to be equally faithful in 
reproducing the real world, since real-world fi-
delity is critical in developing the skills3. Serious 
games for cognitive training, in contrast, are sim-
pler, two-dimensional in nature, with the primary 
mode of interaction being mouse click or touch 
interface. Prominent examples are commercial 
off-the-shelf serious games for cognitive training, 
such as Brain Age8, Cogmed9, Lumosity10, etc. 

Two important factors in designing serious games 
are effectiveness and attractiveness11. Making se-
rious games effective depends on the functional 
outcome for which they were designed, and 
involves customizing the game mechanics and 
tasks to the application area. A more general fac-
tor that is independent of application area is at-
tractiveness, which is the measure of how enjoy-

able users find the serious game. Attractiveness 
is an important factor, since enjoyable serious 
games are more beneficial12-15, and have a higher 
replay value16. 

Enjoyment of any media, including games, is a 
complex phenomenon, theorized to be a result 
of a combination of user prerequisites (for in-
stance, interest in the media), user motives (for 
instance, achievement, competition), and media 
prerequisites (for instance, aesthetics, content)17. 
In such a framework, serious games can be 
made more enjoyable by targeting an audience 
likely to be interested in the game (user prereq-
uisite), making the game aesthetically pleasing 
and content-rich (media prerequisites), and sat-
isfying user motives to play the game. Among 
various user motives to play games, the wish to 
challenge oneself is probably the most impor-
tant one17,18. In fact, studies about games with 
older adults have shown that the challenge mo-
tive is rated highly19,20. Therefore, serious games 
that strive to be enjoyable, especially ones that 
are targeted at older adults, should satisfy the 
challenge motive. Playing any new game, seri-
ous or otherwise, at a certain difficulty level can 
be challenging. After a while, however, the user 
is likely to be quite good at the game, and will 
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not be challenged anymore. On the other hand, 
if the initial difficulty level is too high, the user 
is likely to get frustrated and give up the game 
altogether. Therefore, the key to always keeping 
the user challenged is to dynamically change the 
game difficulty according to user ability. Such a 
balancing of difficulty and ability is theorized to 
keep users in a state of flow21, where they expe-
rience optimal enjoyment22-24. In serious games 
(and also video games in general), difficulty-abil-
ity balancing is achieved by a technique known 
as ‘dynamic difficulty adjustment’ (DDA).

DDA is the process of modulating the systems of 
a game world to respond to a particular player’s 
abilities over the course of a game session25. In 
general, it consists of two complementary func-
tions: an evaluation function that evaluates play-
er performance based on the game state, and an 
adjustment function, that makes some changes 
to the systems of the game world based on the 
evaluation25. The systems being changed have 
a bearing on the game difficulty, and vary with 
the game genre. For example, player inventory in 
first-person shooter games25, or level complexity 
in side-scrolling games26 determine the game dif-
ficulty, and can be adjusted with DDA. In cogni-
tive training games such as the one considered 
in the present study, the game system that has 
a bearing on difficulty is the training task itself. 
In such simple serious games, DDA can be im-
plemented by evaluating how well the player is 
performing at the game task and changing task 
difficulty based on the performance27-30. 

DDA adjusts difficulty of game tasks and thus 
targets core game mechanics. However, the 
game as a whole has many other components: 
the visual elements in which the game tasks are 
framed; the sounds which help to maintain a cer-
tain ambience; in-game rewards which spur users 
on to play longer; character customization which 
gives users a level of control over the gameplay, 
etc. Some of these elements could conceivably 
be adjusted during gameplay, in addition to dif-
ficulty, to achieve a high enjoyment level. 

Game visuals in particular are a patent target for 
adjustment. Visual elements are the primary out-
put modality of games through which users view 
and interact with the game and derive sensory 
pleasure31. Therefore, a game is often defined by 
the amount of detail of visual elements it con-
tains, termed ‘visual complexity’32,33. A game 
like Crysis34, which is a first-person shooter in 
a 3D rendered world in which the player has to 
move through varying landscapes fighting aliens, 
has photo-realistic scenery and a detailed game 
world and thus has high visual complexity. On 
the other hand, Super Mario Bros35, the well-

known side-scrolling platform game in which 
the user controls a 2D character and moves 
through simple levels, has low visual complexity. 
One way of using visual elements as a determi-
nant of enjoyment is to set the visual complexity 
of a game to different levels, which can affect 
perceived enjoyment36. A problem with this ap-
proach is that the link between visual complexity 
and enjoyment is not clear and can differ with 
players37. It has been suggested that owing to 
older adults’ reduced visual acuity, games for 
older adults be of low visual complexity38, 39. 
However, in a study about a motion-based seri-
ous game, visual complexity was found not to 
affect enjoyment among older adults33. Among 
younger players on the other hand, increased 
visual complexity resulted in increased enjoy-
ment36. Therefore, setting an appropriate visual 
complexity to increase enjoyment can be chal-
lenging. Visual elements can also be changed 
during a game based on some criterion function. 
An example is scenario adaptation40-42, where 
parts of the game environment are dynamically 
generated based on criterion functions like a 
pedagogical model of user learning40 or an as-
sessment of user performance41,42. 

Although scenario adaptation works well for 
games with complex environments, it does not 
transfer easily to simple, two-dimensional seri-
ous games. Moreover, scenario adaptation does 
not really take into account enjoyment as a cri-
terion function. Another example of dynamic 
visual element change is the paradigm of ‘levels’, 
where players move through differently appear-
ing game worlds. However, as with scenario ad-
aptation, creating levels is more suitable to larger, 
more complex games.

Instead of using particular criterion functions 
or constructing levels, dynamic visual element 
change can be more simply viewed through the 
inherent enjoyable nature of the change itself. In 
general, monotony in any form is boring43, while 
variety is pleasurable. This is especially true for 
the visual system. Previous work suggests that 
visual diversity is pleasurable44 and positively 
influences task motivation45, whereas visual mo-
notony negatively impacts task performance46. 
In games, Malone includes variation in visual 
stimuli as an element of sensory curiosity, citing 
it as one of the heuristics to make instructional 
computer games more enjoyable47. While there 
are certain minimum prerequisites for games 
to be enjoyable (being aesthetically pleasing, 
content-rich, etc.), there is a potential to make 
them even more enjoyable through dynamic vis-
ual element change. In commercial games, such 
change is often rendered through animations, al-
tering scenery, different levels, etc. 



2015 Vol. 14, No 134

A  t a b l e t – b a s e d  s e r i o u s  g a m e

Cognitive-training serious games, like the one con-
sidered in the present work, usually contain only a 
few foreground and background visual elements. 
In such serious games, visual element change can 
be realized more simply by regularly altering the 
appearance of the elements. However, performing 
visual element change in isolation has a limited 
effect. A previous work found that altering only 
the visual themes of a serious game, without any 
other adjustments, does not significantly affect en-
joyment48. Therefore, visual element change was 
deemed better suited as an add-on to a serious 
game that already contains some minimum enjoy-
ment functionality. DDA, which balances difficulty 
and ability, is one such functionality of enjoyable 
serious games49,50. While DDA has been used in 
several cognitive-training serious games27-30, the 
effect of adding visual element change to DDA 
has not been empirically tested for. Understanding 
this effect could enable designers to make serious 
games more enjoyable and effective without dras-
tically increasing development effort. 

Therefore in the present study, a simple tablet-
based memory training serious game was de-
signed and augmented with two modes: one 
which consisted of DDA with no visual element 
change (DDA) and the second in which DDA 
was combined with regularly changing visual 
elements (DDA-VISUAL). The two modes were 
tested with older adults who played the game 
on a tablet over three sessions on three different 
days. It was hypothesized that:
H1. Participants in DDA-VISUAL will experi-
ence higher enjoyment than participants in DDA.
H2. Participants in DDA-VISUAL will perform 
better than participants in DDA.
H3. Participants in DDA-VISUAL will be less 
distracted and more focused on the gameplay, 
as exhibited by them playing more rounds than 
participants in DDA.

Materials and Methods
Participants
Fourteen older adults (13 females) participated 
in this study. Twelve were recruited from two as-
sisted-living facilities, and two were an autono-
mously living couple. Participants were between 
68 and 95 years old, with a mean of 82.7 years 
and standard deviation of 8.25 years. The inclu-
sion of 13 females was not a premeditated deci-
sion, but came about as a result of the gender 
ratio among residents of the two assisted-living 
facilities where the study was conducted. None 
of the participants had prior experience in tablet-
based games, although most of them reported 
playing some kind of board game or card game 
on a regular basis. Three participants reported 
having used a tablet a few times before. 
Inclusion criteria were:

-Age > 65
-Cognitively unimpaired, determined using cog-
nitive assessment information maintained by the 
assisted-living facility and a pre-study interview 
in case of the twelve assisted living facility resi-
dents, and a pre-study interview in case of the 
autonomously living couple 

-Physically able to use a 7-inch tablet.

Recruitment was done through presentation and 
demonstration at assisted living facilities, and plac-
ing advertisements in newspapers. Participation 
was voluntary and not reimbursed. Written in-
formed consent was collected from the participants 
prior to the study and participants were informed 
that they could drop out of the study at any time. 
Prior to starting the study, ethics approval was ob-
tained from the institutional ethics committee.

The serious game
The serious game used in this study was a tab-
let-based memory-training game in which par-
ticipants had to memorize and recall a sequence 
of multiple characters. The characters would be 
displayed one at a time, and had to be recalled in 
the same order as they were displayed. After re-
calling one sequence, a different sequence with 
possibly different number of characters would 
be displayed. The game proceeded in such re-
petitive rounds for the duration of a session. To 
compensate for age-related visual deficits, previ-
ous research guidelines about designing games 
for older adults51,52 were followed in designing 
visual elements of the game (Table 1). The game 
was played at a resolution of 1280x800.

The game environment consisted of a 2D scene 
depicting a view of looking out of a window (Fig-

Table 1. Guidelines51,52 about designing games for 
older adults and implementation in the present study 
Guideline item Implementation 
-In general, increased levels 
of ambient and task 
illumination are required to 
optimize visual 
performance for older 
adults 

-Brightness of game 
objects and the tablet 
was set to a sufficiently 
high amount 

-Increased levels of 
luminance contrast are 
required to meet the visual 
needs of older persons 

-High contrast was 
provided for reading 
characters (red against 
white or red against blue) 

-Choose text font sizes of at 
least 12-point in character 
height to accommodate the 
needs of those 60-75 years 
of age 

-The sequence was 
displayed in 14-point 
font  

-Minimize dependence 
upon peripheral vision 

-The characters in the 
sequence to memorize 
were presented at the 
center of the screen 
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ure 1a). At the center of the environment was a 
trigger coin, which upon touching revealed ei-
ther a letter or a number (Figure 1b). The char-
acter would remain visible for 2 seconds. The 
entire sequence was viewed by touching on the 
trigger coin one at a time, with no time limit be-
tween two touches. At the end of the sequence, 
the game displayed a message indicating that 
the sequence had to be recalled in the same or-
der. Subsequently, four option spheres appeared, 
one of which contained the correct character 
at the first position (Figure 1c). After clicking 
on a sphere, four new spheres appeared, one 
of which contained the character at the second 
position, and so on and so forth. No time limits 
were imposed, either for revealing the characters, 
or for recalling the sequence. At the end of the 
recall, participants were informed of the result, 
which was either a motivating message in case 
of a correct recall or a simple statement in case 

of wrong recall. Such instant feedback could, in 
potential, keep the participants motivated53,54. 
Thereafter a new round was started. At any point 
during recall participants could click on a ‘Pass’ 
button which started a new round immediately. 

Equipment
The ASUS MeMO Pad HD7 tablet was used in 
the study, running on Android version 4.2, with 
a screen size of 7 inches, and a screen resolution 
of 1280x800.
 
The study modes
The serious game in the present study was aug-
mented with two modes: DDA, which consisted 
of only DDA with no visual element change and 
DDA-VISUAL, in which DDA was combined 
with regularly changing visual elements. The 
game environment was a 2D scene in which an 
illusion of looking out of a window was created 

Figure 1. Screenshots of the serious game used in the present study; (a) Scene of looking out to a city, with the 
trigger coin at the center; (b) Upon touching the trigger coin, the first character in the sequence is revealed; 
(c) After the entire sequence is revealed, one character at a time, four option spheres appear, one of which 
contains the correct character at the first position; There is also a ‘Pass’ button on the right, which participants 
can touch to skip the current round and start a new round; (d)-(f) Visual element change done by changing 
the background and foreground
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using a distant background image, the image of 
a window and an object placed on the window 
sill, and animations of animals or other objects 
moving ‘between’ the window and the distant 
background (Figure 1).

DDA
Hunicke has described a general DDA algorithm 
consisting of an evaluation function, which maps 

from the state of the game world to an evalua-
tion of the player’s performance, and an adjust-
ment policy which maps this evaluation to some 
set of adjustments in the game world25. In the 
present study, the evaluation function checked 
for the success or failure of rounds. If there were 
three consecutive successful rounds, player per-
formance was evaluated as ‘good’. If there were 
two consecutive unsuccessful rounds, player 

Figure 2. Flowchart of the game; The DDA mode ran through the solid blocks; The DDA-VISUAL mode ran 
through the dashed block in addition to the solid blocks; The initial value of sequence length was set to three, 
for both modes
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performance was evaluated as ‘bad’. The adjust-
ment policy was:
If ( Player Performance is good) then Increase 
sequence length by 1.
Else if ( Player Performance is  bad) then De-
crease sequence length by 1.
The initial sequence length was set to three, and 
clamped between three and seven in the subse-
quent rounds (Figure 2). In the DDA mode, the 
scene remained constant (Figure 1a), without any 
visual element changes.

DDA-VISUAL
In the DDA-VISUAL mode, difficulty was 
changed exactly as in DDA (Figure 2). Addition-
ally, three types of visual elements were regularly 
changed: background, foreground, and anima-
tion. Since the number and complexity of visual 
elements can influence game difficulty36, the 
visual element change was done without chang-
ing the number or complexity of the individual 
elements. Additionally, it was ensured that the 
elements being changed did not relate to the ac-
tual memorizing task.

There were three kinds of visual elements in the 
game: background, foreground, and animation. 
A different combination of the three elements 
changed the visual appearance of the game. 
Fourteen combinations of the elements were de-
signed, with each combination being stored in 
a <background, foreground, animation> triplet. 
Each triplet represented a real-world scene of 
looking out of a window, since it was expected 
that the participants could relate more easily 
and be comfortable in this theme. The triplets in-
cluded scenes like looking out into a city (Figure 
1a), looking out from a train (Figure 1f), looking 
out from a mountain hut (Figure1d), looking out 
from a beach house (Figure 1e), etc. Visual ele-
ment change was realized by iterating through 
each triplet after every three rounds. If the last 
triplet was reached before the end of the ses-
sion, the game would cycle back to the first tri-
plet. Each triplet was designed to be sufficiently 
different from the others, so that the participants 

would notice a change in the visual elements. 
The change in difficulty and change in visual 
elements operated independently of each other. 
Since the difficulty adaptation upped difficulty 
after every three consecutive successful rounds 
(Figure 2), only in a perfect gameplay session 
would the difficulty and visual element change 
happen concurrently. 

Study protocol
Participants played the game for three sessions 
on three different days in a week. The duration 
of each session was 24 minutes (Figure 3), with 
all participants successfully finishing the en-
tire session on all three days. Participants were 
pseudo-randomly assigned to one of the two 
modes, in single blind manner, ensuring that 
each mode contained an equal number of seven 
participants. The mean age of participants in 
DDA was 83 years with a standard deviation of 
9.68 years; the mean age of participants in DDA-
VISUAL was 82.5 years with a standard devia-
tion of 5.72 years. Of the three participants who 
reported having used a tablet a few times be-
fore, two were in DDA-VISUAL and one was in 
DDA. Before the first session, participants were 
told about the study, with a special emphasis on 
the fact that the study was purely about game-
design research. Then the game was explained 

Figure 3. Study protocol for one session, with the 24 minutes session divided into three chunks of 8 minutes, 
interspersed with two questions related to enjoyment and automatic computation of performance

Figure 4. Four participants in an assisted living facility 
playing the game together
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to them followed by around 10 minutes of trying 
out the tablet and the game. Once the partici-
pants reported that they were comfortable play-
ing the game, a new game instance was started 
and the session began. There were five tablets in 
total, with participants given the option to either 
play alone, or in a group (Figure 4). Out of the 
fourteen participants, two were an autonomous-
ly living couple who played the game simultane-
ously in different rooms of their apartment. Of 
the remaining twelve, six participants each were 
residents of two different assisted living facilities. 

Measures
There were three primary outcome measures of 
interest:
(i) Enjoyment
Participants were asked the following two ques-
tions, three times during a session, roughly after 
8 minutes, 16 minutes and 24 minutes (Figure 3):
(a) How much are you enjoying playing this 
game? This was to be answered on an analog 
scale, implemented in the game as a horizontal 
GUI slider. The leftmost edge of the slider rep-
resented ‘not enjoying at all’, and the rightmost 
edge represented ‘enjoying a lot’. Participants 
answered the question by moving a thumbnail 
in the horizontal slider.
(b) Do you want to continue playing this game? 
This was an option between ‘yes’ and ‘no’.

(ii) Performance
The performance metric computed, for every 
successful round, the ratio of sequence length in 
that round to the maximum possible sequence 
length at that moment. Since the difficulty-ad-
aptation algorithm was completely determin-
istic (Figure 2), the sequence length at any in-
stant could be determined. Unsuccessful rounds 
would cause the sequence length in subsequent 
rounds to deviate from the ideal, which would 
then reflect in a lower performance number. In 
the end the total was divided by the number of 
rounds multiplied by 100 (Equation 1). Thus, the 
performance number expressed percentage of 
maximum possible performance. For a perfect 
gameplay, the performance number would be 
100.

Here,  N = number of rounds
C(i) = sequence length in round i
p(i) = 1, if round i finished successfully, else 0

(iii) Number of rounds played 
This was the total number of rounds played in 
a session, including both successful and unsuc-

cessful rounds, but excluding skipped rounds. 
Additionally, at the end of the study, subjects in 
the DDA-VISUAL mode were asked the follow-
ing two questions:
(a) “Did you notice that the background, fore-
ground, and animations changed regularly when 
you were playing the game?” This was an option 
between ‘yes’ and ‘no’
(b) “Did you like the regularly changing back-
ground, foreground, and animations while play-
ing the game?” This was an option between ‘yes’, 
‘no’, and ‘didn’t care’.

Data analysis
Mixed ANOVA was used with time as the with-
in-subjects factor and mode as the between-sub-
jects factor. Participants answered the enjoyment 
question by moving a thumbnail in a horizontal 
slider. For the purposes of analysis, the position 
of the thumbnail within the slider was interpo-
lated to a real number between 0 and 10. Per-
formance was computed according to Equation 
1 at the same three time points that the enjoy-
ment question was asked, approximately after 8 
minutes, 16 minutes and 24 minutes in a session 
(Figure 3). Previous work suggests that among 
the older population, there are age-related group 
differences between the ‘younger old’ (60-85 
years of age) and ‘oldest old’ (85 years of age and 
older)55. Therefore, age group (<85 years of age 
versus >=85 years of age) by mode interactions 
on the three outcome measures were examined. 
IBM SPSS Statistics version 22.0 was used to run 
statistical analyses.

results
Enjoyment, performance, rounds played
Data points for the day-wise analyses were ob-
tained by averaging the three data points on 
each of the three days. Mode was the between-
subjects factor in both; timepoint was the within-
subjects factor in the first case and day was the 
within-subjects factor in the second case (Figure 
5, 6).

Means and standard deviations for enjoyment 
and performance are listed in Table 2. Within 
one session on each day, the effects of time 
point and interaction between time point and 
mode were non-significant for both enjoyment 
and number of rounds played. Performance 
exhibited non-significant interaction between 
time point and mode; the effect of time point 
on performance, however, was significant on all 
three days (F=13.9, partial η2=0.538 on Day 1, 
F=17.8, partial η2=0.6 on Day 2, F=16.5, partial 
η2=0.579 on Day 3; p<0.0001 for all days). 

Day-wise, there was a significant effect of day 
and a significant interaction between day and 

[1]



2015 Vol. 14, No 139

A  t a b l e t – b a s e d  s e r i o u s  g a m e

mode for enjoyment and number of rounds 
played; performance exhibited non-significant 
effects of both (Table 2). Simple main-effects 
analysis revealed that enjoyment and number of 
rounds played were significantly higher in DDA-
VISUAL than DDA on Days 2 and 3 (Table 3). 
Overall, the main effect of mode was significant 
for all three outcome measures (Table 4). Pair-
wise comparisons based on estimated marginal 
means with a Bonferroni adjustment for multi-
ple comparisons between the two modes re-
vealed that enjoyment (mean difference=0.889, 
p=0.023), performance (mean difference=1.47, 
p=0.042), and number of rounds played (mean 
difference=3.24, p=0.011) were significantly 
higher in DDA-VISUAL than DDA. Interactions 
between age group and mode were not signifi-
cant for any of the outcome measures (p>0.05). 
In answer to the question of whether they want-
ed to continue playing the game, every partici-
pant answered yes at all three time points in all 
three sessions.

End of experiment questions
At the end of the study, participants in the DDA-
VISUAL mode were asked two questions. The 
first question on noticing the changes, all 7 par-
ticipants answered with ‘yes’. The second ques-
tion on if they liked the changes was answered 
with ‘yes’ by 4 participants, ‘no’ by one, while 2 

‘Didn’t care’.

discussion and conclusions
Three hypotheses were postulated: participants 
in DDA-VISUAL will enjoy more (H1), perform 
better (H2), and play more number of rounds 
(H3) than participants in DDA. On average, par-
ticipants in DDA-VISUAL experienced higher en-
joyment than participants in DDA over the three 
days, although the differences were significant 

only on Days 2 and 3, thus partially 
fulfilling H1. The difference in en-
joyment between the two modes 
increased over the days, suggesting 
that the effect of DDA-VISUAL be-
came more pronounced with time. 
A previous study about the effect 
of different motivational features 
in a memory-training serious game 
played over three days found that 
changing visual themes, by itself, 
did not affect enjoyment48. How-
ever, the visual theme change in 
that study was done only between 
days, with the authors speculating 
the lack of theme change during 
a session being a possible reason 
for the change not affecting enjoy-
ment48. The present result about 
enjoyment being higher in DDA-

Figure 5. Enjoyment and performance (as % of maxi-
mum possible) at the nine time points

Figure 6. Number of rounds played on the three days

Table 2. Means and standard deviations of enjoyment and performance 
values for the time points in the two modes; Enjoyment values range 
from 0 to 10, performance values from 0 to 100; DDA=dynamic 
difficulty adjustment; DDA-VISUAL=dynamic difficulty adjustment 
combined with regularly changing visual elements  

Day 
Time 
point 

Enjoyment Performance 

DDA 
DDA-

VISUAL 
DDA DDA-VISUAL 

1 1 7.28±1.38 7.71±1.49 99.00±1.29 97.85±1.86 
2 7.25±1.25 7.67±0.75 93.00±1.82 96.71±2.92 
3 7.57±0.97 7.85±0.89 90.85±4.48 93.00±4.93 

2 1 6.71±0.75 7.57±0.78 97.42±1.81 98.57±1.39 
2 7.00±1.00 7.57±0.53 93.28±2.69 96.00±2.94 
3 6.00±1.15 7.14±0.89 91.57±3.77 92.00±4.86 

3 1 7.71±1.25 9.14±0.69 97.71±1.70 97.85±1.34 
2 7.14±0.89 8.42±0.53 94.57±4.15 96.85±3.43 
3 7.24±1.46 8.71±0.75 89.14±1.95 91.00±5.80 
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VISUAL, which changed visual elements during 
a session, partially supports the speculation.

Since the visual element change was not con-
tingent on performance, but was based only 
on the number of rounds played in the game, it 
was unlikely to be perceived as a reward, and 
therefore could enhance intrinsic motivation56 
and hence enjoyment47. Overall, performance 
was significantly higher in DDA-VISUAL than 
DDA, although no significant differences were 
observed on the individual days. Moreover, the 
overall mean difference in performance between 
the two modes was quite small compared to the 
range of performance values. Therefore, the sec-
ond hypothesis H2 was also only partially fulfilled. 
DDA ensures that participants play the game 
at the highest difficulty level possible for them, 
which translates to increased training effect57. 
The performance result of DDA-VISUAL indicates 
that the addition of visual element change did not 
hamper DDA’s function of maintaining high dif-
ficulty level, but actually made it marginally bet-
ter. Combining visual element change with DDA 
could therefore be a viable strategy to make seri-
ous games enjoyable and effective.
 
There was no significant change in enjoyment 
within one session; performance, however, de-
creased significantly as a session progressed (Fig-
ure 5). The drop in performance in the latter part 
of the sessions can be attributed to participants 
not being able to successfully complete rounds 
at higher difficulty levels, and consequently de-
viating from the ideal maximum possible per-
formance. Participants in DDA-VISUAL played 
significantly more rounds on Days 2 and 3 than 
those in DDA, partially confirming H3. 

When asked at the end of the 
study, one participant in the 
DDA-VISUAL group reported not 
liking the changing visuals, while 
two did not care either way; four 
reported liking the change. This 
result, where four of the seven 
participants in the DDA-VISUAL 
group reported liking the visual 
change coupled with the higher 
self-reported in-game enjoyment 
and the higher number of rounds 

played in DDA-VISUAL suggests that most par-
ticipants subconsciously liked the changing vis-
uals, although some of them did not notice or 
remember it afterwards, partially similar to the 
effect observed in Piselli et al.36. There were no 
dropouts: when the game asked them if they 
wished to continue playing, all fourteen partici-
pants consistently answered yes at all three time 
points in all three sessions. There could be two 
possible reasons for this. A desire to continue 
playing may simply be the result of the overall 
high enjoyment level experienced by all partici-
pants (Figure 5). An inclination to complete the 
sessions in their entirety might also be a manifes-
tation of the Hawthorne Effect, which is gener-
ally defined as the problem in experiments that 
subjects’ knowledge that they are in an experi-
ment modifies their behavior from what it would 
have been without the knowledge58. 

Acceptance of the tablet-based game was quite 
high. Even though eleven of the fourteen partici-
pants reported no prior experience with using a 
tablet, none of them had any major usage prob-
lems. In post-study feedback, several participants 
also stated that such a game could be a good 
mobile application for residents of assisted-living 
facilities to play every day. Additionally, many in-
quired if they could purchase the tablet, which 
was an encouraging sign of acceptance of the 
technology, although it could also simply be the 
effect of novelty. From the outset, the study was 
advertised as being merely about game-design 
research. No claims were made about any pos-
sible training effect on memory, both for ethical 
reasons, and also not to confound the results. 
In spite of this, participants overwhelmingly en-

Table 3. Simple main effects between the two modes for enjoyment, 
performance and number of rounds played on the three days; significant 
differences (p<0.05) are in bold; adjustment for multiple comparisons: 
Bonferroni; degrees of freedom=12 

Day 
Enjoyment Performance 

Number of rounds 
played 

p 
Mean 

difference 
p 

Mean 
difference 

p 
Mean 

difference 
1 0.452 0.38 0.125 1.57 0.239 -2.86 
2 0.02 0.86 0.247 1.42 0.001 5.86 

3 0.005 1.43 0.141 1.43 0.001 6.71 

 

Table 4. Differences in enjoyment, performance, and number of rounds played between DDA-VISUAL (dynamic 
difficulty adjustment combined with regularly changing visual elements) and DDA (dynamic difficulty adjustment) 
over the three days, as assessed by mixed ANOVA; significant p-values (p<0.05) are in bold; df=degrees of 
freedom; ηP

2 = partial eta squared 

Source 
Enjoyment Performance Number of rounds played 

F p ηP
2 F p ηP

2 F p ηP
2 

 Within-subjects effects 
Day; df:2,24 13.0 <0.0001 0.52 0.32 0.726 0.026 3.5 0.046 0.226 
Day x mode; df:2,24 3.25 0.046 0.21 0.007 0.993 0.001 8.9 0.001 0.427 
 Between-subjects effects 
Mode; df:1,12 6.76 0.023 0.36 5.2 0.042 0.31 8.89 0.011 0.426 
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joyed the game, contradicting an assumption that 
older adults are willing to invest time in a serious 
game only if they foresee a real training bene-
fit52,54. McLaughlin et al.54 propose a cost-benefit 
model to suggest that older adults will invest time 
in playing a serious game only if the benefits out-
weigh the costs. Participants in the present study 
might have associated our serious game to the 
pen-and-paper memory training tasks performed 
regularly in assisted living facilities. Thus, in spite 
of being told the contrary, they might have inter-
nalized some benefit from playing the game. In 
any case, the cognitive and perceptual costs in-
volved in playing our game were minimal, largely 
due to its simplicity. Serious game designers can 
use these results to increase the acceptability of 
their games among older adults.

There were five tablets in total, with participants 
given the option to play in a group. However, in 
the beginning of the first session, some partici-
pants began expressing the desire to be alone so 
that they could better concentrate, suggesting 
that the game was able to elicit a high level of 
attention. Those participants who did play in a 
group exhibited no major differences in any of 
the outcome measures, indicating that playing 
alone or in a group was not a factor in the game-
play experience. A couple of participants also 
gave a post-study feedback that they would have 
enjoyed the game more had they been able to 
choose a visual theme of their choice. This kind 
of customization to increase enjoyment among 
older adults has indeed been suggested before53. 

This study has a couple of limitations. Firstly, the 
sample size was small and heterogeneous. The 
low number of participants lessens the gener-
alizability of the results to a bigger population. 
Heterogeneity of the sample could also play a 
part, since ageing research often divides older 
adults into the ‘younger old’ (60-85) and the 
‘oldest old’ (85+), with differences between the 
two groups55. Age-related differences in the 
older population are often manifested in aspects 

like reduced physical mobility, loss of handgrip 
strength, and impairment in vision and hearing59. 
The latter two might have affected perception of 
the visual element change, and ease of use of 
the tablet, respectively. No age-related differ-
ences were found for either. Additionally, none 
of the outcome measures exhibited an effect of 
age. Admittedly, the absence of an effect of age 
could be due to the small sample size. Neverthe-
less, we believe that the results can be applied to 
the entire age range of the older population. 

Secondly, enjoyment results from residents of as-
sisted-living facilities might not generalize to the 
general population of autonomously living older 
adults. The prevalence of cognitive impairment 
tends to be higher among residents of assisted 

-living facilities than among autonomously liv-
ing older adults60,61. Therefore, the former might 
foresee a bigger benefit from playing memory 
training games, and hence enjoy more52. Over-
all, however, tablets appear to be a convenient 
input modality for serious games among older 
adults, reinforcing previous findings53,62. Enjoy-
ment and acceptance results of the present study 
could help in making future tablet-based train-
ing programs more autonomous and potentially 
more effective63. For example, home-based 
training, whereby participants are given a tablet 
to keep at home for a certain number of weeks 
and asked to play the game at their convenience, 
might be viewed as a more autonomous form 
of training and could yield more generalizable 
results. In any case, regularly changing visual el-
ements is a simple and low-effort method to sus-
tain enjoyment and attention in serious games. It 
could also be combined with an option for users 
to select game scenery of their choice, thus ena-
bling them to customize the game environment 
and potentially enjoy more. Although evaluating 
the effect of visual element change on training 
outcomes requires further studies, such an ap-
proach has the potential to leverage game visu-
als towards increased enjoyment with minimal 
added development costs.
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