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Development and first validation of the PLBMR for 
lab-based microworld research 

   
 Barbara Frank1 & Annette Kluge1 
  

  
Abstract. 
In business and organisational psychology, microworlds and simulations are used 
in research to replicate real-world tasks which cannot be investigated "in vivo" due 
to their hazardous potential. For example, microworlds and simulations enable 
employee behaviour to be trained and investigated without being in the real 
physical location. To ensure that the observed behaviour mirrors the participants’ 
authentic real-world performance and that they "dive" into the simulated task, 
"Presence" is recommended as a treatment check. In the current paper, a 6-item 
scale for measuring Presence for lab-based microworld research (PLBMR) is 
presented. The scientific roots of the questionnaire are briefly described as well as 
several validation steps. An exploratory factor analysis (N=88) led to a two-factor 
structure of the six items. This two-factor structure was confirmed in a sample with 
233 participants, and in a third step, evidence for validity in terms of aspects such 
as authentic behaviour was found. 
 
Keywords. Presence; measure; confirmatory factor analysis; simulation; 
questionnaire 
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Introduction 
 
In business and organisational psychology research, microworlds and 
simulation environments are used to replicate the real world (e.g. 
Beaubien, & Baker, 2004), e.g. to investigate organisational factors affecting 
personnel development, leadership, teamwork and safety-related 
behaviour. In all such applications, but also in applications for education or 
entertainment in general, participants performing tasks in microworlds or 
acting in simulation environments ideally experience a feeling of "being" in 
the simulated world (Nash, Edwards, Thompson, & Barfield, 2000). Such a 
state is called Presence (e.g. Barfield et al., 1995). Presence is assumed to be 
the central factor indicating a realistic perception and performance in a 
simulation (Bystrom, Barfield, & Hendrix, 1999; Wirth et al., 2007). In the 
definition by the International Society of Presence Research, Presence is 
characterised as a "psychological state or subjective perception in which 
even though part or all of an individual's current experience is generated by 
and/or filtered through human-made technology, part or all of the 
individual's perception fails to accurately acknowledge the role of the 
technology in the experience" (ISPR, 2000, http://ispr.info/). In the last few 
years, many subtypes of Presence have been defined, including, for 
instance, Spatial Presence or Social Presence.  
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The present paper addresses the dimension of Spatial Presence: the feeling of being in the 
simulated environment rather than in the real, physical world (ISPR, 2000; Wirth et al., 2007)  
and the psychological immersion into  the scenario:  the  perception is directed toward objects 
created by technology (ISPR, 2000). The present paper aimed at investigating Presence as a 
treatment check for the experience of being in a microworld as if it is the actual environment. For 
a detailed description see Frank (2013). 
 
Although objective instruments for measuring Presence have also been developed, it has become 
customary to conceptualise Presence as a subjective feeling and perception which should be 
measured subjectively, e.g. by rating scales (e.g. Barfield, & Weghorst, 1993; Slater et al., 1994; 
Ijsselsteijn et al., 2000). The instrument introduced in the present paper, the PLBMR for lab-based 
microworld research, also affords subjectively rated measures of Presence.  
 
Table 1 lists the instruments for measuring Spatial Presence which have been developed so far, 
which are referred to in order to develop our own instrument for measuring Presence in a lab 
experiment. For our purpose of measuring Presence in terms of being part of an organisational 
context as described below, several instruments could not be considered further due to the fact 
that their psychometric properties are not adequately reported (see also Youngblut and Perrin, 
2002; Slater, 1999; van Baren and Ijsselsteijn, 2004) or due to their length (instruments with 
more than 20 items were excluded). 
 

 
 

Figure 1. Connections between existing questionnaires: Arrows show the relation between questionnaires, 
dashed arrows show that the source of the questionnaire was not reported explicit, grey highlighted boxes 
indicate the questionnaires used in the present paper 

In summary, none of the developed questionnaires have been persistently established in Presence 
research due to their various disadvantages and shortcomings (Thornson et al., 2009; Nichols et 
al., 2000). Thus, we developed an instrument suitable for microworlds with low immersion and 
quick-to-apply, which should be valid, reliable and sensitive.  
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Table 1. List of Presence measures to assess Spatial Presence, + = indications, such as for 
validity/reliability/sensitivity, are reported, - = indications are not reported 

Authors Name Items Validity Reliability Sensitivity 
Barfield & Weghorst (1993) - 10 + + + 

Slater, Usoh & Steed (1994) SUS 6 (-) - + 

Hendrix & Barfield (1996) - 2 + + + 

Kim & Biocca (1997) A Self-Report 
Measure of 
TelePresence  

8 + - - 

Lombard & Ditton (1997)E - 103    

Witmer & Singer (1998) PQ 32 - + (+) 

Dinh, Walker, Song, 
Kobayashi  & Hodges 
(1999)E 

- 27    

Baños, Botella, Garcia-
Palacios, Villa, Perpina und 
Alcañiz (2000) 

Reality 
Judgement and 
Presence 
Questionnaire 

18 - + - 

Murray, Arnold & Thornton 
(2000)E 

- 5+    

Nichols, Haldane & Wilson 
(2000) 

- 9 + + + 

Gerhard, Moore & Hobbs 
(2001) 

- 19 (+) - + 

Krauss, Scheuchenpflug, 
Piechulla & Zimmer (2001)E 

- 42    

Larsson, Västfjäll & Kleiner 
(2001) 

SVUP 19 + - + 

Lessiter, Freeman, Keogh & 
Davidoff (2001)E 

ITC-SOPI 44    

Schroeder et al. (2001)E - 11    

Schubert, Friedmann & 
Regenbrecht (2001) 

IPQ 14 + + - 

Stevens, Jerrams-Smith, 
Heathcote & Callear (2002)E 

OPQ -    

Cho, Park, Kim, Hong & Lee 
(2003) 

- 4 - - + 

Nowak & Biocca (2003)E - 29    

Vorderer et al. (2004)E MEC-SPQ 32/48/
64 

   

Thornson, Goldiez & Le 
(2009)E 

TPI (Tendency 
toward Presence 
Inventory) 
(Pretest) 

42    

Lombard, Weinstein & 
Ditton (2011)E 

TPI (Temple 
Presence 
Inventory) 

42    

E Questionnaires were excluded due to length and/or failure to report validity, reliability and 
sensitivity. 
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Table 2. Items of the PLBMR in German and English 

Item German Translated into English for this paper 
P1 Ich habe mich als Teil der AWAsim-Welt 

gefühlt 
I felt like I was part of the WaTrSim 
world 

P2 Die Simulationswelt hat bei mir 
Emotionen (z.B. Ärger, Traurigkeit, 
Zufriedenheit) ausgelöst 

The simulation world triggered my 
emotions (e.g. anger, sadness, 
satisfaction) 

P 3 Die Arbeit mit der AWAsim-Welt war für 
mich zufriedenstellend 

Working in the WaTrSim world was 
satisfying for me 

P 4 Während ich die Anlage bedient habe, 
habe ich zwischenzeitlich vergessen, dass 
ich an einer Studie teilnehme 

While operating WaTrSim, I forgot 
for the time being that I was taking 
part in a study. 

P 5 Die Arbeit in der AWAsim-Welt war für 
mich langweilig (-) 

Working in the WaTrSim world was 
boring for me (-) 

P 6 Während ich die Anlage bedient habe, bin 
ich gedanklich in die AWAsim Welt 
eingetaucht 

While operating WaTrSim, my 
thoughts became immersed in the 
WaTrSim world 

 
 
The PLBMR, which is introduced in this paper, aims to combine aspects of the existing 
questionnaires which were assumed to be most established and widely used (Figure 1): Kim and 
Biocca (1997, which is based on the work of Slater et al., 1994), on the scale attention/absorption 
by Baños et al. (2000, based on Witmer & Singer ,1998), on the work of Barfield and Weghorst 
(1993) and on Hendrix and Barfield (1996) into one short 6-item questionnaire based on the 
guideline for Presence questionnaires (Lessiter et al., 2001).  
 
The PLBMR addresses Presence in the context of lab-based microworld research in which 
participants need to be present in an organisational setting where variables such as leadership, 
management decisions, safety climate or other organisational factors affect the behaviour of the 
individual employee. The PLBMR should therefore measure the Presence in microworlds and the 
Presence of being an employee, worker or organisational member of the simulated organisation. 
This was necessary because a coverstory was used to compensate the assumed low immersion of 
the microworld (Klimmt, & Vorderer, 2003). The research conducted in lab-based microworld 
simulations is also called research in special-purpose settings (Stone-Romero, 2011), in which 
inferences about cause in organisational contexts are more justified than in non-special-purpose 
settings, such as field studies (Stone-Romero, 2011). Our special-purpose setting mirrors a 
production plant with hazardous potential in which the workers need to actively contribute to 
workplace safety and the overall safety of the plant. The developed PLBMR was designed to 
briefly assess Presence in a low-immersive microworld. Consequently, most of the existing 
questionnaires did not fully match these requirements (e.g. analysed in high-immersive 
applications only, too many items or no psychometrics available cf. Table 1). 
 
The developed PLBMR has 6 items, which are all rated on a 6-point Likert scale from 1 ("totally 
disagree") and 6 ("totally agree"), as listed in Table 2. 
 
 
The validation procedure 

In the present paper, the factor structure, reliability, and first findings concerning the sensitivity 
and validity of the PLBMR were analysed in different samples. First, the PLBMR items were 
analysed regarding their factor structure by performing an exploratory factor analysis (EFA), and 
second, a confirmatory factor analysis (CFA) was performed, followed by an analysis of 
relationships to relevant criteria. 
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Validation study 1 - Exploratory Factor Analysis 

Participants 

In 2012, 88 participants (47 female) took part in an experiment in which the microworld 
Wastewater Treatment Simulation (WaTrSim; Burkolter, Kluge, Grauel, & German, 2009) was 
used to investigate different organisational actions that were taken to support skill retention in 
the context of a production plant with high levels of automation and longer periods of non-use 
(see section on Validation). Participants were recruited by internet advertisement and flyers at 
the University of Duisburg-Essen (the recruitment procedure was similar for all subsequent 
studies). Participants were students from the engineering department and their average age was 
M=21.36 (SD=2.70, Range=18–31). In this study, as well as in all studies reported here, the 
general cognitive abilities measured with the "Wonderlic Personnel Test" (Wonderlic Inc, 2002) 
were M=26.30 (SD=4.83, Range=16–43; possible score of 50 points). The average rated Presence 
was M=3.44 (SD=0.78). 
 

The microworld WaTrSim 

WaTrSim has been used at the University of Duisburg-Essen in several experiments to investigate 
organisational actions taken as well as management decisions that address the safety-related 
behaviour of plant operators at the workplace, e.g. skill retention and the adherence to safety-
related rules (e.g. von der Heyde, Brandhorst, & Kluge, 2013; Kluge, Burkolter, & Frank, 2012). In 
all studies reported below, participants operated WaTrSim (Burkolter et al., 2009). WaTrSim was 
developed in cooperation with experts in automation engineering at the University of Dresden, 
Germany, with the aim of achieving a realistic setting that depicts a process control task with high 
face validity (Kluge, Badura, & Rietz, 2013), and is a computer-based simulation of a plant for 
purifying industrial waste water. The operator's task in WaTrSim is to start up and control the 
plant, and the highest priority task is to maximise outcome goals and minimise the off-spec (Kluge 
et al., 2013). The actions of the operator must follow fixed and contingent sequences, while he or 
she closely monitors the parameters and considers the timing of the actions. The internal, 
convergent, and discriminant validity of WaTrSim have been empirically demonstrated (Burkolter 
et al., 2009).  

 
"Presence" is required in our lab-based studies in order for participants to accept the 
"experimental story", e.g. being in the role of a control room operator, being responsible for plant 
safety. It is also required in order to accept orders from the "management", such as instructions 
concerning how to operate a machine or a plant, and in order to induce the participants’ feeling of 
being in a dilemma between achieving the goal of a safe production and achieving the goal of high 
personal earnings. In terms of participants’ acceptance of the story and their immersion into the 
organisational setting, it would not be possible for the effect of the experimental treatment to 
unfold without being present. 
 
For the EFA, the PLBMR data were used from a previous experiment which investigated 
organisational actions to support skill retention (henceforth called skill retention). The 
organisational actions taken were divided into practice-oriented actions and actions in which the 
skill level was "checked" and assessed explicitly. In this study, Presence was required to ensure 
that the participants accepted the explanation for why they were being tested while in the role of 
a control room operator (for further details, see Kluge & Frank, accepted). 
 

The instrument to measure Presence in lab-based microworld research 

Presence in lab-based microworld research was measured with the newly developed "PLBMR", 
which consists of six items rated on a six-point Likert scale from 1 ("I totally dis agree") to 6 ("I 
totally agree").  The questionnaire was applied in German and was filled in by each participant 
after the end of the experiment.  
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Table 3. Factor loadings and reliabilities of two factors and the items (N=88). 

Item Nr. Item Factor  
  1. 2. 
1.  Factor: Spatial Presence   
 P1 I felt like I was part of the WaTrSim world  .557 .500 
 P2 The simulation world triggered my emotions (e.g. anger, 

sadness, satisfaction) 
.703 .086 

 P4 While operating WaTrSim, I forgot for the time being that I was 
taking part in a study 

.768 -.048 

 P6 While operating WaTrSim, my thoughts became immersed in 
the WaTrSim world 

.663 .382 

2. Factor: Satisfaction   
 P3 Working in the WaTrSim world was satisfying for me -.121 .895 
 P5 Working in the WaTrSim world was boring for me (-) .363 .618 

Eigenvalue 2.48 1.08 
% of variance 41.41 18.06 
α  .692 .482 

 
 
Results 

An exploratory factor analysis (EFA) was conducted using SPSS 21. The principal component 
analysis and varimax rotation were conducted with six items. The Kaiser-Meyer-Olkin criterion 
shows an acceptable sample size (KMO=.7461; Kaiser & Rice, 1974), and Bartlett’s test of 
sphericity indicated an adequate item correlation for a principal component analysis 
(χ²(15)=89.35, p<.001). Two components showed Eigenvalues above Kaiser’s criterion of 1 and 
together explained a variance of 59.47%. Based on Kaiser’s criterion and scree plots, these two 
factors were used in the final analysis. Table 3 shows the factor loadings after rotation. The items 
that cluster on the same factor suggest that factor 1 represents "Spatial Presence" (Cronbach’s 
α=.69) and factor 2 "Satisfaction" (Cronbach’s α=.48). The reliability for the PLBMR with six 
items was Cronbach’s α=.707. In addition, the total score of PLBMR scale correlated positively 
with the two factors (Factor Spatial Presence: r=.768, p<.001; Factor Satisfaction: r=.637, 
p<.001).  
 
 
Validation study 2 - Confirmatory Factor Analysis 

Method 

A confirmatory factor analysis (CFA) was conducted with Amos 21 to confirm the two-factor 
structure with a sample comprising four subsamples. Two studies ("skill retention with eye 
tracking" and "ordinary work day", henceforth called SREY and OWD) investigated organisational 
actions taken to support skill retention in a highly automated production context (Greve & Kluge, 
2012; Miebach, 2013). In these two studies, the PLBMR was required to assess the importance of 
skill retention as a crucial aspect of their work as a plant operator responsible for workplace 
safety.  
 
The other two studies ("violations-short" and "violations-long") investigated organisational 
actions taken to increase the adherence to safety-related rules in order to improve workplace 
safety (von der Heyde, Brandhorst, & Kluge, 2013). In the "violations-short" study, participants 
acted in the role of a control room operator and needed to accept the experimental story that 
violating a mandatory rule could cause a deflagration, which could subsequently damage the plant 
or cause severe injuries to the local inhabitants. The experimental procedure lasted for two hours 
(von der Heyde et al., 2012). The "violations-long" study required the participants to assume the 
role of an operator who has to take care of the plant for 48 weeks (simulation runs for five hours).  
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The operator in this experimental story needs to be "present" in an induced goal conflict. This 
conflict consists of a trade-off between a high salary and safety. In contrast to the "violations-
short" study, the "violations-long" study introduces safety audits in which operators are 
monitored regarding their compliance with the mandatory procedure. In both studies, Presence is 
required in order for participants to actually experience the goal conflict and to accept the 
management decisions, such as the safety audits, as being realistic. 
 

Participants 

233 students (74 female) participated in the studies introduced briefly above, in which WaTrSim 
was used in 2012 and 2013. Participants’ average age was M=22.06 years (SD=3.25, Range=18 – 
36). All participants were students (96% students of the engineering department). The average 
Presence level was M=3.39 (SD=0.96). 

 
Instruments 

The two-factor structure of the six-item PLBMR as described in Table 2 was analysed by 
performing a CFA.  

 
Results 

For the two-factor CFA, the χ2 statistic proved to be significant (χ2(8)=22.34, p=.004). The ratio of 
χ2/df=2.79 indicated an acceptable model fit (Carmines & McIver, 1981). The fit indices CFI=.95 
and SRMR=.05 indicated a good model fit and RMSEA=.08 indicated an acceptable model fit for 
the two-factor model (Hu & Bentler, 1999; Brown, 2006). The standardised loadings and residuals 
are shown in Figure 2. In addition, the two factors correlate significantly with each other (r=.305, 
p<.001) and indicate satisfactory reliabilities (factor Spatial Presence:  α=.67, factor Satisfaction: 
α=.65, PLBMR: α=.68). 
 
 
 

 
 
Figure 2. Standardised factor loadings and residuals of the model (N=233) 
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Table 4. Descriptive Statistics for studies skill retention, SREY, OWD, violations-short and violations-
long 

Study N  
(female) 

Age  
M (SD, Range) 

GMA  
(max. 50) 
M (SD) 

Presence  
M 1 
M (SD) 

Presence  
M 2 
M (SD) 

Skill 
Retention 

88 (47) 21.36  
(2.70, 18–31) 

26.30 
(4.83) 

3.44 (0.78)  

SREY 11 (1) 23.73  
(2.69, 21–30) 

29.91 
(5.13) 

3.50 (0.71)  

OWD 25 (15) 20.68  
(2.36, 18–30) 

25.96 
(4.63) 

3.23 (0.84) 2.78 (0.93) 

Violation-
short 

26 (7) 22.84  
(2.80, 19–30) 

27.96 
(6.04) 

3.72 (0.91)  

Violatinos-
long 

149 (36) 21.33  
(2.41, 18–33) 

28.46 
(6.40) 

3.31 (0.94)  

Note: GMA = General Mental Abilities 

 
Additional analysis for indicating validity 

Methods  

We analysed the convergent, internal validity and sensitivity and calculated the retest reliability 
for the PLBMR. For the analyses, we conducted Pearson correlations, regressions and ANOVAS 
with data from the five studies introduced above, all of which used WaTrSim: The first study 
investigated organisational actions taken to support skill retention in which attention and effort 
were also measured as criteria. The skill retention was also investigated in SREY study. The third 
study simulated an ordinary work day (OWD, see section Validation 2-CFA), which was used to 
analyse the retest reliability. The remaining studies addressed the impact of organisational 
actions taken to increase workplace safety. In this latter study, participants also rated the degree 
of the authenticity of their own behaviour. In addition, we used all five studies (skill retention, 
SREY, OWD, violations-short and violations-long) to analyse sensitivity. 
 
As introduced above, all studies required an "experimental story" in order to make the 
experimental treatment more relevant and significant. This was considered as important for the 
internal validity of the experiment.  
 

Participants 

Across all listed studies (N=299, see above), the Presence level was M=3.38 (SD=0.88) and all 
participants were engineering students. The participants of the five studies are described in Table 
4. 

 
Criteria for Validation 

We assumed a relationship between the degree of PLBMR and the degree of attention and 
performance in terms of "effort" in study skill retention and authentic behaviour in the violations-
long study. In addition, we assumed a difference between the degree of PLBMR in all experiments 
(described in sections Validation 1-EFA and Validation 2-CFA) due to their varying experimental 
story – design and physical and cognitive fidelity.  

 
Attention: Attention was assessed by an adapted version of the scale "attention/concentration" 
(Cronbach’s α=.83, Kluge, 2004) and was rated on a Likert scale ranging from 1 ("I totally 
disagree") to 6 ("I totally agree").  The average attention level was M=5.21 (SD=0.67) 
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Effort: Effort was measured with three items (Cronbach’s α=.54) on a Likert scale ranging from 
1 ("I totally disagree") to 5 ("I totally agree"), with items such as "I tried hard to recall the start-
up procedure". The average effort level was M=3.89 (SD=0.71). 

 
Authentic behaviour: Behaviour was measured with the item "I acted in the simulation world like 
I would do in a comparable real situation" on a Likert scale ranging from 1 ("I totally disagree") 
to 6 ("I totally agree").  
 
For measuring Presence, the six-item PLBMR version was used as introduced above (Table 2). 
The average level was M=3.30 (SD=1.63). 

 
 

Results 

Convergent Validity:  

For the skill retention study, significant small to medium correlations between attention and the 
PLBMR (r=.306, p=.004) and effort and PLBMR (r=.230, p=.031) were found. 
 

Retest Reliability: 

For the OWD study, a Pearson correlation showed that the items of the PLBMR measured at two 
time points correlated significantly (see Table 5) 
 

External Validity: 

In the violations-long study (N =149), results showed a small to medium relationship between 
the PLBMR and the ratings concerning authentic behaviour (r=.333, p<.001). A regression 
analysis showed a significant effect of the PLBMR on the criterion authentic behaviour (B=.192, 
SE(B)=.045, ß=. 333, T=4.28, p<.001), which explained 11.1% of the variance 
(F(1,147)=18.28, p=< .001). 
 

Sensitivity: 

Comparing Presence in all studies, overall, the Presence was experienced similarly in all studies 
and no significant differences were shown (F(4,298)=1.55, p=.187, η2p=.021). Nevertheless, the 
post-hoc test (LSD) showed a significantly higher Presence level in the violations-short study 
than in the violations-long study (Mean difference=.412, SD=.189, p=.028), as well as a 
significantly higher level in the violations-short study than in the OWD study (Mean 
difference=.491, SD=.246, p=.047). 
 
 
Discussion 

The present study identified the two factors Spatial Presence and Satisfaction for the six-item 
PLBMR in an EFA and CFA, and showed satisfactory reliabilities. First indications in support of 
the convergent and external validity, retest reliability as well as the sensitivity of the PLBMR 
were shown. In contrast to many existing questionnaires which only report limited validity-, 
reliability or sensitivity criteria or which are not quick-to-apply (Table 1), the PLBMR meets all 
the criteria.  
 
 
Implications for further research 

The PLBMR was tested in a German-speaking area with samples including students; thus, an 
adaptation for other languages needs to be tested. Additionally, the PLBMR has been applied to 
organisational research with mainly one microworld (WaTrsim), which can be assumed to be a 
low-immersive microworld compared, e.g., to Virtual Reality Applications. 
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Table 5. Pearson correlation for Study 2 between items of Presence at two measurement points (T1 
and T2) (N=25) 

 1 2 3 4 5 6 7 8 9 10 11 
T1            
P1 
(1) 

-           

P2 
(2) 

.681** -          

P3 
(3) 

.367 .190 -         

P4 
(4) 

.231 .290 -.109 -        

P5 
(5)  

.342 .094 .379 .274 -       

P6 
(6) 

.654** .607** .184 .405* .241 -      

T2            
P1 
(7) 

.645** .642** .287 .321 .225 .499* -     

P2 
(8) 

.392 .689** .023 .483* .205 .366 .632** -    

P3 
(9) 

.317 .427* .666** .183 .416* .326 .609** .403* -   

P4 
(10) 

.251 .274 -.128 .706** .177 .233 .536** .576** .290 -  

P5 
(11) 

.223 .100 .384 -.122 .627** .028 .348 .241 .608** .132 - 

P6 
(12) 

.158 .332 .317 .041 .081 .287 .593** .386 .658** .343 .400* 

 
 
Nevertheless, the results showed that Presence in such special-purpose settings (Stone-Romero, 
2011) can be enhanced by experimental stories and the introduction of organisational factors that 
can compensate for low immersion (Klimmt & Vorderer, 2006). Future research should apply the 
PLBMR in high-immersive simulation environments using different samples (Welch et al., 1996; 
Slater et al., 1994) and compare the PLBMR with additional objective measures (Ijsselsteijn et al., 
2000).  
 
As a practical implication, we consider the PLBMR to be a useful and quick-to-apply treatment 
check in microworlds for measuring the Spatial Presence level. However, future studies are 
required to verify the results found in the present study. 
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