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Abstract. Does the immersive design of a serious game affect learners’ virtual 
presence? Does virtual presence improve learning? By identifying virtual 
presence as a variable that may determine learning outcomes, it is argued that 
computer gaming environments present a new challenge for researchers to 
investigate. Particularly, the effect of games on virtual presence might help 
designers to predict which instructional configurations will maximize learning 
performance. Results indicate that the serious game used as an example in this 
study leads to a strong form of virtual presence. Virtual presence enhanced 
retention and comprehension but not transfer. It also significantly increased 
learners’ motivation. Mediation analyses report that the positive relation 
between virtual presence, retention and comprehension is mediated through 
increased motivation. These findings suggest that the relation between all 
variables should be considered an important factor in the design of virtual 
worlds for learning. 
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1   Introduction 

Since the use of serious games, i.e. games that are designed for training or to promote 
learning, the question of designing gaming worlds to foster learners’ virtual presence 
has been of interest in the fields of sociology [1] [2], computer science [3] [4] [5] and 
psychology [6] [7]. Learners’ experience of virtual presence is seen as an affective-
like state of fully immersing into an activity in response to and interacting with a 
virtual world. Research findings on games suggest that the design of games generally 
includes the antecedents of virtual presence by providing three-dimensionality [8], 
spatialised sound, music [9], the stimulation of tactile sense through physically 
touching virtual objects, experimenting and testing [10], and the possibility of 
autonomous interacting and receiving immediate feedback [11] [12].  

However, even if the game design supports learners’ virtual presence, the use of 
such virtual worlds for learning is not always seen as effective [13] [14]. This 
assumption is mainly explained by assuming an overload of working memory while 
learning in gaming environments. The generally used design features to impact a high 
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degree of virtual presence might also impose processing demands on learners’ 
working memory capacity through including interesting, but for learning unimportant 
(visual), information, or technical requirements [15] [16]. Learners have to split their 
attention between storyline and learning information. Also, at the same time, learners 
have to pay close attention to navigate through the gaming environment, control 
characters and objects via mouse or joystick movement. This will compete with or 
interrupt the attention to and processing of relevant learning information and therefore 
result in decreased learning outcomes.  

Schrader & Bastiaens [7] confirm this assumption in their study, testing a game 
example. It was demonstrated that a learning adventure game supports learners’ 
virtual presence compared to a hypertext-animated learning environment. But, at the 
same time, it poses high demands on learners’ working memory due to operating in 
the gaming environment and therefore decreases learning. However, the experimental 
study also has yielded some intriguing correlation and regression evidence that is 
suggestive of a positive relationship between virtual presence and learning outcomes. 
As virtual presence increased, the retention and comprehension as learning outcomes 
increased as well.   

In conclusion in line with game design, learning occurs when learners feel virtually 
present [6] [7], even if additional design elements to foster presence may add 
processing demands. It is not likely the virtual presence itself, but learners’ 
motivation, that accompanies virtual presence in serious games that might best 
explain any significant relation between virtual presence and learning outcomes. 
Feeling virtually present in the gaming environment entails greater levels of 
identification with the content and sorting out the presented problems as personally 
relevant [17]. 

This might result in both intrinsic (engaged in enjoyable, self-determined 
behaviour) and extrinsic motivation (driven by the goal of obtaining rewards or 
outcomes such as achievement and winning the game) [18]. From the motivational 
perspective on learning information processing [19] [20], this motivation should 
predict learning performance and outcomes by driving purposeful behaviour [21], 
directing attention toward learning goal-relevant information and away from goal-
irrelevant information [22] and keeping the learner focused on the task [23].  

Whereas studies on learning with serious games give evidence of the impact of 
actual motivation on learning outcomes [24] [13] [25] [26] with regard to the 
motivational touch of the game design [27] [28] [29] [27], the role of motivation as a 
mediating variable has not been causally linked to the relation of virtual presence and 
learning outcomes.  

Thus, the aim of this study is not only a repetition of previous work on how the 
sense of virtual presence directly affects learning outcomes. The question that arises is 
if virtual presence might be related to important predictors of learning during learning 
processes, such as motivation that might positively mediate the relation between 
virtual presence and learning results. 
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2   Method 

2.1   Participants 

Forty-two pupils (20 boys and 22 girls) from two different year eight classes at a 
preparatory high school in Hagen, Germany, participated in the study. Their mean age 
was 13.5 years (SD = .52). 

2.2   Materials 

For learning in a gaming environment, the adventure game Elektra [30] for year eight 
pupils was chosen and modified. The game is a coloured, three-dimensional single-
user adventure including spatialised sound. The game facilitates virtual presence with 
an effect size of η2 = .16 compared to working in a simple animated hypertext-
learning environment [7]. In an interactive way, learners can learn about the topics of 
light refraction, magnetism and air resistance. For example, one experimental task is 
learning that light consists of rays and how this can be focused. The learner has to 
send a strong beam of light through the keyhole of a strange door in order to open it. 
Behind the door, the beam has to fall on a specific light cell, but not on anything next 
to this cell. The learner is invited to examine a lab table with a little flashlight and 
learns how to blind this to create a narrow beam of light and transfer it to open the 
door. 

2.3   Measures 

In order to take into account the learners’ subjective experience of virtual presence, 
Witmer and Singers’ [31] Presence Questionnaire (PQ) was used. It consists of 10 
items to be answered on a 5-point Likert scale ranging from 1 (totally disagree) to 5 
(totally agree), addressing the feeling of being involved so deeply that learners could 
fade out external distractions that interfered with performance, having control and 
feeling the interactions and movements as natural. The total score for each learner 
was obtained by adding the 10 responses. The reliability of the virtual presence 
questionnaire was .76 (Cronbach’s alpha). 

Learners’ current motivation while learning with the game was measured using the 
short three-item self-reporting instrument developed by Vollmeyer and Rheinberg 
[32].  Participants were asked to rate their confidence of success, behaviour-oriented 
motivation and how enjoyable they found the experience (Cronbach’s α = .68). 

To access the learning outcomes of the physics content, trivial learning outcome 
(retention), and non-trivial learning outcome (comprehension and transfer) were 
measured. For measuring the retention of facts and concepts, five multiple-choice 
questions were graded (e.g. for a task concerning magnetism: “Which objects are 
attracted by magnets? Please choose the objects!”). Due to a low item-scale test 
correlation (rit = .20) and high index of complexity (p = .82), one question was not 

Interaction Design and Architecture(s) Journal - IxD&A, N.19, 2013, pp. 38-46



included in the analysis. Each question was scored according to whether it was 
answered correctly or wrongly, ranging from one to zero points. Therefore the 
maximum test score was four points. The reliability of retention test was .62 
(Cronbach’s alpha). Comprehension was measured on four open-ended questions in 
which the learners had to demonstrate the comprehension of the acquired knowledge 
in their own words (e.g. “Why do you think that the objects are attracted by magnets? 
Please give reasons for your choice!“). Due to a low item-scale test correlation, one 
question was not included in the analysis (rit = .22). The reliability of comprehension 
test was .60 (Cronbach’s alpha). The maximum test score was four points. The 
transfer tasks were structured in six near transfer tasks (Cronbach’s α = .85) and four 
far transfer tasks (Cronbach’s α = .74) to consider the quality of the transfer of the 
acquired knowledge in new situations (for an example, see a discussion on 
differentiating transfer [33]). The near transfer tasks were analogous to the used 
learning objects in both virtual environments, but contained different objects than 
those presented in the environment, e.g. a match instead of a wooden ball. The far 
transfer tasks were different in structural features and were meant to determine 
whether learners were able to apply the acquired knowledge to unknown and more 
complex situations. For example, a task for magnetism in which the learners had to 
explain why one couldn’t use knobs the size of a coin instead of real coins to pay for 
the parking charge of a car. The maximum test score here was ten points. Two tasks 
(1 near and one far transfer task), however, were not included in the analyses due to a 
low index of complexity (r< .20). 

2.4   Procedure 

The study was conducted in the computer labs of the FernUniversität in Hagen. In the 
beginning, demographical data from the participants was collected. Filling out the 
tests took about 5 min. Afterwards, learners started to work within the gaming 
environment individually. The learners worked until they had completed all tasks 
embedded in the game. Depending on the pace of the individual learners, it took them 
between 40 and 50 minutes. While learning in the gaming environment, learners filled 
out the virtual presence and motivation questionnaires (5 min). These questionnaires 
were followed by the learning tests (20 min) directly after the exploration 

3  Results 

To answer whether virtual presence might foster learning and whether virtual 
presence supports learners’ motivation while learning with the serious game, first 
initial preliminary analyses (i.e., descriptive statistics; one-sample t-tests, bivariate 
correlation analyses) were conducted. To test the assumed direction of prediction 
between all these variables, regression analyses were then used. Last, whether 
motivation might mediate the relationship between virtual presence and learning 
outcome was tested using the mediation procedure proposed by Baron and Kenny 
[34]. Due to the homogeneity of variance and normal distribution, correlation and 
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regression analyses were justifiable. A significance level of .05 was also maintained 
for all analyses. 

3.1   Preliminary Analyses 

In Table 1, means and standard deviations of scores for virtual presence, motivation 
and mental effort are reported. One-sample t-tests were conducted to investigate the 
impact that the used game has on virtual presence and motivation, i.e. whether the 
mean of virtual presence and motivation is significantly greater than 3. The one-
sample t-test revealed a statistical difference between the mean value and virtual 
presence (t(42) = 2.28, p = .02) and the mean value and motivation (t(42) = 3.34, p = 
.002).  
Bivariate correlation analyses (see also Table 1) between the scores of dependent and 
independent variables were conducted to access the need for regression and within 
mediation analyses. Correlation analyses revealed a moderate association between 
virtual presence and learning outcomes in terms of retention and comprehension. 
Also, there was a high relation between virtual presence and motivation. Also of 
interest was an existent relation of motivation on learning outcomes. All associations 
between variables (specifically between virtual presence and motivation) indicate a 
need for mediation when investigating the effect of virtual presence on learning. 
 

Table 1.  Mean Scores, Standard Deviations, and Bivariate Correlations between Measured 
Variables. 

 

Variables Mean 
(SD)     1    2    3    4    5   

 
1.Virtual Presence    

     

3.23   
(.66) 

 
 

 
 

 
 

 
 

 
 

 
 

2. Motivation 2.76 
(.74) 

 .60**           

3. Retention 65  
(.41) 

 .48**  .36*         

4. Comprehension .67 
(.34) 

 .33*  .52**  .18       

5. Near Transfer .51 
(.34) 

 .20  .02  .28  .15     

6. Far Transfer .50 
(.38) 

 .04  .05  .49*  .39*  .45*   
* p < .05, two-tailed; ** p < .01, two-tailed  

3.2  Effect of Virtual Presence on Learning Outcomes as Mediated by Motivation 

Retention. First, a series of regression analyses was run to explore the impact of 
virtual presence on retention and the role of motivation in mediating this relationship. 
In line with the correlation analysis, the regression analyses show that the feeling of 
virtual presence is related to retention (β = 0.46, p < .001).  
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Next, the role of motivation was explored in mediating the effect of virtual 
presence on retention. As previously established, virtual presence had an effect on 
retention. Also, there was an effect of virtual presence on motivation (β = 0.57, p < 
.001), and there was a direct effect of motivation on retention (β = 0.44, p < .01). 
Finally, the analysis shows that the effect of virtual presence on comprehension is 
mediated by motivation: Including motivation in the linear model of regression, the 
direct effect of virtual presence on retention was significantly reduced (β = 0.35, p = 
.04), suggesting mediation as defined by Baron and Kenney [34]. Also, the result 
from the Sobel test [35], which was employed to directly assess the mediation, 
suggested mediation (z = 3.27, p < .001). Results imply that the addition of 
motivation significantly mediates the direct effect of virtual presence on retention. 

 
Comprehension. Next, a series of regression analyses was realized to explore the role 
of motivation in mediating the relation between virtual presence and comprehension 
outcomes. Virtual presence had a direct effect on comprehension (β = 0.37, p = .05) 
and a direct effect on motivation (β = 0.57, p < .001) as already reported above.  

 Motivation had a direct effect on comprehension (β = 0.42, p = .006). Based 
on the result from regression analyses (β = 0.13, p = .49) and the Sobel test (z = 2.61, 
p = .008), motivation was found to mediate the effect of virtual presence on 
comprehension outcomes. 

  
Near and Far Transfer. Results of regression analyses to explore the role of 
motivation in mediating transfer outcome imply that whereas virtual presence as an 
emotional-like variable is adequate for more trivial learning outcome in terms of 
retention and comprehension, it does not seem to be sufficient for more complex 
transfer outcomes. Virtual presence failed to have a direct effect on near transfer (β = 
0.03, p = .78) and far transfer (β = 0.22, p = .06), suggesting that there was not a 
unique effect of virtual presence to be mediated by motivation..  

3.3   Discussion and Conclusion 

For instructional designers, results should shed light on the need for optimising 
instructional design of serious games supporting learners’ sense of virtual presence. 
The objective of the current study was to examine the relation between virtual 
presence and learning outcomes for learning with serious games. The regression 
analyses show that virtual presence increases motivation and enhances the learning 
outcomes as retention and comprehension. Therefore, it is at least partly inconsistent 
with the argument of overloading working memory capacity that results in lower 
learning outcomes through the introduction of design elements aimed at inducing 
virtual presence. The results are consistent with Park, Moreno, Seufert, and Brünken’s 
[36] finding that seductive details can improve learning performance in a multimedia 
narrative. 

The current findings also lend insight into the processes by which virtual presence 
impacts more indirect learning. Results from mediation analyses indicate that virtual 
presence induced by game design has an impact on learning in terms of retention and 
comprehension at least in part via motivation. 
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Thus, on the theoretical and practical side, it was demonstrated that virtual 
presence should be incorporated in instructional design especially for immersive 
media, i.e. media that are “(...) capable of delivering an inclusive, extensive 
surrounding and vivid illusion of reality to the sense of a human participant” [16, p. 
601]. It was reported that virtual presence not only affects motivation and cognition. It 
also has a partial effect on learning outcomes being mediated through motivation. 
These results are consistent with current assumptions in literature [6] [37]. However, 
as already mentioned, results reported a positive relation between virtual presence and 
learning outcomes in terms of retention and comprehension, but not for transfer. This 
finding supports the idea that virtual presence might compensate for the added 
processing demands adequate for more trivial learning outcome but insufficient for 
deeper learning in terms of transfer. Based on complexity, transfer tasks demands 
cognitive processes more than retention or comprehension [38] and might be taken up 
through environmental design, and complexity of task. This result is in line with 
previous work from Schrader and Bastiaens [7], indicating that the effect of virtual 
presence on learning is, in part, negatively influenced through overloading cognitive 
processes through game design. However, one limitation of the study is the missing 
measurement of the load increase on working memory capacity. Thus, it is not 
possible to make claims; this will be the subject of future studies. Identifying design 
strategies that reduce the cognitive load based on the design, but without reducing 
virtual presence, seems to be issues of practical concern to game designers.  
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