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Abstract. This study theoretically develops and empirically tests a model that 
explains how virtual learning environment (VLE) characteristics can ultimately 
influence learning effectiveness by directly affecting leaner’s control over the 
learning material and leaner’s communication and interaction with peers and 
instructor. The findings of the empirical study shows that system accessibility, 
ease of navigation, system interactivity and system support serve different roles 
in achieving effective learning outcomes. This study also demonstrates the 
feasibility of incorporating different learning theories into VLE design and how 
they would inform different perspective of learning.  
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1   Introduction 

Fuelled by the knowledge economy, the importance of education and training to 
individual and the society has been widely recognized. In the year 2007, total US 
education and training market has reached $980.2 Billion [1]. With the swift 
advancement of computer hardware, software and network technologies, learning is 
enhanced by various information and communication technological supports. 
Technology-mediated learning has received increasing attention in the filed of 
information systems research [2]. 

To better inform the use of information technology in education, researchers pointed 
out the necessity to understand the underlying pedagogical assumptions better [3]. In 
the educational psychology literature, constructivism learning model emphasizes the 
importance of self-controlled learning, and collaborativism highlights the function of 
communication-oriented learning. However, most researches have been focused on 
how to realize a single pedagogical purpose using different technologies and few 
studies have looked at how effectively information technologies could facilitate 
various pedagogical goals at the same time. As a sophisticated form of e-learning, 
virtual learning environment (VLE) are computer-based environments allowing 
interactions and encounters with other learners and providing access to a wide range of 
resources [4]. In this study, we will look at how the system characteristics of VLE 



 An Empirical Investigation on the Effectiveness of Virtual Learning Environment 651 

could help to realize different pedagogical approaches informed by constructivism and 
collaborativism. 

2   Literature Review 

2.1   Learning Theories and Pedagogical Approaches 

Learning theories are widely used and explored to provide guidance for instructional 
and learning practice. In this section, two well-cited learning theories are reviewed 
and related pedagogical approaches are discussed. 

 
Constructivism and Self-controlled Learning. Constructivism is a psychological 
and philosophical perspective stating that individuals form or construct by themselves 
much of what they learn and understand [5]. According to constructivism, information 
is not learning; instead, learning involves processing all the instructional inputs to 
develop, test, and refine mental models in long-term memory [6]. Therefore, learner’s 
self control of processing learning material at their own time and pace contributes to 
learning effectiveness [7]. 

Self-controlled learning refers to the ability of learner to exert control over the 
pace, sequence, and content of instruction in a learning environment [8]. Learning 
system is usually equipped with learning control mechanisms to facilitate self-
controlled learning, such as instructional designs helping learners make their own 
decisions concerning the aspects of the path, flow, or events of instruction [9]. 

 
Collaborativism and communication-based Learning. Collaborativism states that 
learning emerges through shared understandings of more than one learner [10] as 
social interaction stimulates elaboration of conceptual knowledge [11]. Hence, the 
corresponding pedagogical approaches include promoting communication and 
socialization [3]. 

According to collaborativism, communications among learners is an important 
component of effective learning process. This communication process consists of 
learner’s interaction with peer and instructor. Learner-instructor interaction has been 
shown to significantly affect learning in both regular classrooms and online [12]. 
Learner-learner interaction could provide support to cognitive and affective objectives 
of learning [12]. In particular, leaner-learner interaction supports cognitive learning 
objectives through its ability to instigate, sustain, and support critical thinking in a 
group of learners.  

2.2   System Characteristics of VLE 

The principal components of a VLE include systems that can map a curriculum, track 
student activity, and provide online student support and electronic communication 
[13]. VLEs could provide “increased convenience, flexibility, currency of material, 
student retention, individualized learning and feedback over traditional classrooms” 
[14]. In the field of IS research, system characteristics are shown to be important in 
predicting user beliefs and technology acceptance [15, 16], which in turn affects the 
real usage and the success of the information system [17]. With a comprehensive 



652 N. Liu, Y. Zhong, and J. Lim 

review of literature on both information systems and educational psychology, we 
selected four characteristics that are considered to be critical for the system 
functionality of VLE. They are (1) information accessibility, (2) ease of navigation 
(3) system interactivity and (4) system support.  

3   Research Model and Hypotheses 

Researchers have suggested that technology offers the possibility to accommodate 
various pedagogical approaches in one integrated system [18]. VLE is believed to 
offer such flexibility by facilitating both self-controlled learning and communication-
based learning. This study will investigate how VLE system characteristics would 
affect self-controlled learning and communication-based learning, and whether they 
are helpful in achieving better learning outcomes. The research model is presented in 
Figure 1 below.  

 

 

Fig. 1. Research Model 

Information Accessibility. Accessibility refers to the ease with which information 
can be accessed or extracted from the system [19]. Perceived accessibility has been a 
critical factor affecting information system use and success [20] and information 
access level has been observed to affect the choice and use of an information system 
[21]. Researcher noted that information accessibility is an important factor for the 
study of virtual learning environment [22]. Researchers pointed out that “no matter 
how well the e-learning system integrates various media and allows for interactivity, 
the system will not be able to achieve best learning outcomes if it has poor” response 
time and accessibility [23, p225]. As VLE systems with high information accessibility 
provide learners with the flexibility to access to relevant information in a short time, 
learners would have more control of their own learning. Hence, we hypothesize that: 
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H1. Information accessibility of VLE is positively related to self-controlled learning. 
 

Ease of navigation. The navigation of VLE concerns the evaluations of the links to 
needed information. Navigability is defined as “the sequencing of pages, well 
organized layout, and consistency of navigation protocols” [24]. It measures whether 
there are adequate links; whether the descriptions for links are clear; whether 
information is easy to locate, whether it is easy to go back and forth in the system etc. 
[25]. Navigational supports are developed and used to help users easily navigate 
information and reduce cognitive overhead and disorientation (i.e. becoming ‘‘lost in 
the hyperspace’’) [26]. Navigation is important to VLE as it makes various 
information and tools easier to locate [27]. Thus, a system which is easier to navigate 
provides more flexibility in user’s preference to locate the information and tools 
needed, we hypothesize that: 

 
H2. VLE’s ease of navigation is positively related to self-controlled learning. 
 

System Interactivity. Interactivity used in this study is defined as the extent to which 
the system allows participants to act as both senders and receivers of verbal and 
nonverbal messages and feedback [28].This definition of interactivity is widely used 
in e-learning studies [23]. The multiple communication platforms provided in VLE let 
students to share their ideas, learn from one another, “to exchange emotional support, 
information, and foster a sense of belonging” [29, p. 44]. As stated by Palloff and 
Pratt [30], the “key to the learning process are the interactions among students 
themselves, the interactions between faculty and students, and the collaboration in 
learning that results from these interactions” (p. 5). However, communications and 
interactions do not just happen; it must be intentionally incorporated into a web-based 
learning design [31]. Therefore, only when the various communication tools and 
facilitators are intentionally built into VLE to achieve high interactivity of the system, 
the communications and collaborations of learners during learning process can then 
happen. 

 
H3. System interactivity of VLE is positively related to communication-based 

learning. 
 

System Support. System support refers the technical support and support personnel 
that help learners, facilitators and professors to use and access the learning 
environment [32]. Once online learning is ‘‘up and running’’ there is a continued 
need for technical support. Lack of technical support is often seen as a barrier to 
designing, developing, and delivering any web-based learning systems [33]. Prior 
studies have stressed the importance of providing high quality of support service [34] 
in an e-learning system. Support is necessary to ensure the stability and reliability of 
the system, to reduce errors in operating the system and prevent system breakdown, 
so that learners can use VLE smoothly without any disruption. Thus, learners will feel 
more easily to control over their own learning time, pace and material. The reliability 
of VLE functionalities is guaranteed with good system support, including all the 
functionalities facilitating interaction among learners and interaction with instructor. 
Thus, we hypothesize that: 
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H4. System support of VLE is positively related to self-controlled learning. 
H5. System support of VLE is positively related to communication-based learning. 
 
Self-controlled learning is important because learners best know their own 

instructional need, so that they can construct their own knowledge in the context of 
their own needs and experiences [7]. Therefore, based on the assumptions of 
cognitivism, technologies are widely used to provide structured knowledge 
representation, personalize learning systems [35] and information seeking through 
search engine [18] to enhance learner’s control over their own learning. Hence, if 
learners perceive higher self control of learning in a VLE, it will be helpful in 
achieving better learning effectiveness in terms of improvement in learning skill and 
subject-related knowledge. Thus, we hypothesize that:  

 
H6. Self-controlled learning is positively related to learning skill developments. 
H7. Self-controlled learning is positively related to subject-related learning. 
 
The quality of interaction determines whether real learning takes place [36]. 

Collaborativism implies that learning is a socially mediated process and all learning is 
mediated by tools such as language, symbols, and signs [37]. Interaction with 
members in the VLE is proofed to play a crucial role in knowledge acquisition and the 
development of cognitive skills, and that interaction is intrinsic to effective 
instructional practice and individual discovery [38,39] Picciano [40] found that 
students’ perceived learning from online courses was related to the amount of 
discussion actually taking place in them as well as their interaction with instructors. 
Hence, we hypothesize that: 

 
H8. Communication-based learning is positively related to learning skill developments. 
H9. Communication-based learning is positively related to subject-related learning. 

4   Research Methodology 

Survey method was adopted for this study, as survey enhances generalizability  
of results [41]. More specifically, we use Web-based survey as it allows more 
flexibility in approaching more subjects and is has fast speed in returning completed 
questionnaires [42]. 

4.1   Operationalization of Constructs 

Where available, all constructs were measured using questions adapted from prior 
studies to enhance validity [43]. Elsewhere, new questions were developed based on a 
review of the previous education and information systems literature. All items were 
measured using a seven-point Likert-type scale with anchors from “Strongly 
disagree” to “Strongly agree”.   

4.2   Survey Design and Administration 

A Web-based survey is designed for this study. Two public universities using virtual 
learning environments in daily teaching practices are selected as the target for sending 
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out the survey invitation. In total, 1000 emails were sent out to students randomly 
selected from the universities. 143 students responded to the survey, with 110 
completed the survey. The response rate is 14.3%, and the abandonment rate is 23%. 

5   Data Analysis 

Partial least squares (PLS), as a structural equation modeling (SEM) technique, was 
used to assess both the research model and the psychometric prosperities of the scales. 

5.1   Measurement Model 

The measurement model of PLS is assessed by examining the convergent [44] and 
discriminant validity [45] of the research instruments. In PLS, three tests are used to 
determine the convergent validity of measured constructs: reliability of items, the 
composite reliability of constructs, and the average variance extracted by constructs. 
The assessment of the measurement model is reported in Table 1. 

Table 1. Assesment of meaasurement model 

Measures of 
Constructs 

Composite 
Reliability 

Cronbach’s 
Alpha 

Variance 
Extracted 

IA 0.907362 0.862908 0.715363 
NAV 0.928741 0.885010 0.812999 
SI 0.902677 0.857283 0.698735 
SS 0.934101 0.904586 0.780622 
SCL 0.935967 0.914162 0.745664 
CBL 0.927766 0.896270 0.762828 
LSD 0.957367 0.944707 0.818250 
SRL 0.894806 0.844337 0.684029 

 
To ensure the discriminant validity, the squared correlations between constructs 

should be less than the average variance extracted for a construct. Table 2 reported the 
results of discriminant validity, which was checked by comparing the diagonal to the 
non-diagonal elements; all items fulfilled the requirement.  

Table 2. Discriminant validity of constructs 

Construct IA NAV SI SS SCL CBL LSD SRL 
IA 0.8458        
NAV 0.4463 0.9017       
SI 0.1369 0.3597 0.8359      
SS 0.3035 0.4350 0.4214 0.8835     
SCL 0.2904 0.4649 0.1869 0.4478 0.8635    
CBL 0.1498 0.2573 0.3904 0.1711 0.1787 0.8734   
LSD 0.0435 0.2284 0.3219 0.2211 0.4070 0.4295 0.9046  
SRL 0.2047 0.3840 0.1868 0.2436 0.4653 0.4074 0.6272 0.8271 
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5.2   Structural Model 

The path coefficients and explained variances for the model were calculated using a 
bootstrapping procedure. Each hypothesis corresponded to a path in the structural 
model. Hypotheses were tested at the 5 percent significance level. The results of 
hypotheses testing were summarized in Table 3.  

Table 3. Summary of hypothese testing 

Hypothesis (path) Path 
Coefficient  

t-Value P-value Hypothesis 
supported? 

H1. IA  SCL (+) 0.063 0.638 0.524824 No 
H2. SN  SCL (+) 0.309 2.705 0.007939 Yes 
H3. SI  CBL(+) 0.387 2.675 0.008635 Yes 
H4. SS  CBL (+) 0.008 0.067 0.000080 Yes 
H5. SS  SCL (+) 0.294 4.102 0. 946706 No 
H6. SCL  LSD(+) 0.341 3.012 0.003233 Yes 
H7. SCL  SRL(+) 0.405 3.631 0.000433 Yes 
H8. CBL  LSD(+) 0.369 4.146 0.000068 Yes 
H9. CBL  SRL (-) 0.335 2.822 0.005682 Yes 

6   Discussion and Implications 

Based on the findings, system characteristics of VLE is shown to have positive 
influence on self-controlled learning and communication-based learning, which are 
positively related to learner’s skill development and subject-related knowledge. In 
particular, system’s ease of navigation and system support lead to better self-
controlled learning and system interactivity is positively related to communication-
based learning as predicted. However, information accessibility is not shown to affect 
self-controlled learning. This may because that with the fast development of network 
technology, the variation in loading time of various VLE components is quite small 
and thus will have minor influence on learners. System support is not proofed to 
influence communication-based learning as predicted. One possible reason is that it is 
less difficult to communicate with peer and instructor using the channels provided by 
VLE than to search, locate useful and relevant information in VLE. Hence, high 
system support may not be necessary for learner interaction.   

This study advances theoretical development in the area of technology-mediated 
learning in general and VLE research in particular. It demonstrates that VLE system 
factors derived from IS theories have positive impact on pedagogical approaches 
derived from learning theories, and in turn lead to different learning outcomes. The 
results of this study shed light on how different system quality factors serve different 
educational goals.  

This study also demonstrates the feasibility of having different educational 
approaches in one VLE. Although different educational theory, such as behavirosm, 
cognitivism and constructivism, has competing assumptions and goals, VLE provides 
a space to accommodate all these educational needs. This is consistent with previous 
research effort in proposing an integrated learning platform [18]. As this study has 
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also shown the effectiveness of different system features, system designer and course 
manager can emphasize different features to serve different goals. 

7   Conclusion 

This study theoretically develops and empirically tests a model that explains how 
VLE system characteristics can ultimately influence learners learning effectiveness by 
directly affecting leaner’s control over the learning material and leaner’s 
communication and interaction with peers and instructor. This study also 
demonstrates the feasibility of incorporating different learning theories into VLE 
design and how they would inform different perspective of learning.  

In a future characterized by volatile environments, effective leverage of learning 
technology would be a factor differentiating more effective from less effective 
teaching and learning. As an advanced form of e-learning, the design and 
implementation of VLE need to align with pedagogical approaches and guided by 
educational theories. As educational institutes invest more resources in VLE, it is 
imperative that research on the alignment of VLE design with educational needs, such 
as this study, continue to generate findings that inform practice.  

References 

1. Adkins, S.S.: Ambient insight’s the US corporate market for learning services: 2007-2012 
forecast and analysis, Ambient Insight (May 2007) 

2. Alavi, M., Leidner, D.E.: Research Commentary: Technology-Mediated Learning–A Call 
for Greater Depth and Breadth of Research. Informs. Systems. Res. 12, 1–10 (2001) 

3. Leidner, D.E., Jarvenpaa, S.L.: The Use of Information Technology to Enhance 
Management School Education: A Theoretical View. MIS Quart. 19, 265–291 (1995) 
(Special Issue on IS Curricula and Pedagogy) 

4. Wilson, B.G.: Constructivist Learning Environments: Case Studies in Instructional Design. 
Educational Technology Publications, Englewood Cliffs, NJ (1996) 

5. Bruning, R.H., Schraw, G.J., Ronning, R.R.: Cognitive psychology and instruction, 2nd 
edn. Merrill, Upper Saddle River (1995) 

6. Sheull, T.J.: Cognitive conceptions of learning. Review of Edu. Res. 56, 315–342 (1986) 
7. Liegle, J.O., Janicki, T.N.: The Effects of Learning Styles on the Navigation Needs of 

Web-based Learners. Computers in Human Behavior 22, 885–898 (2006) 
8. Milheim William, D., Martin, B.L.: Theoretical Bases for the Use of Learner Control: 

Three Different Perspectives. J. of Computer-Based Ins. 18, 99–105 (1991) 
9. Williams, M.: Learner control and instructional technologies. In: Jonassen, D. (ed.) 

Handbook of research on educational communications and technology, pp. 957–983. 
Scholastic, New York (1996) 

10. Slavin, R.E.: Achievement Effects of Ability Grouping in Secondary Schools: A Best-
Evidence Synthesis. Review of Edu. Res. 60, 494 (1990) 

11. van Boxtel, C., van der Linden, J., Kanselaar, G.: Collaborative learning tasks and the 
elaboration of conceptual knowledge. Learning and Instruction 10, 311–330 (2000) 

12. Moore, M.G.: Three types of interaction. American J. of Distance Edu. 3, 1–6 (1989) 
13. McKimm, J., Jollie, C., Cantillon, P.: ABC of learning and teaching: Web based learning. 

BMJ 326, 870–873 (2003) 



658 N. Liu, Y. Zhong, and J. Lim 

14. Piccoli, G., Ahmad, R., Ives, B.: Web-Based Virtual Learning Environments: A Research 
Framework and a Preliminary Assessment of Effectiveness in Basic IT Skills Training. 
MIS Quarterly 25, 401–426 (2001) 

15. Davis, F.D.: User acceptance of information technology system characteristics, user 
perceptions and behavioral impacts. Intel. J. of Man-Machine Studies 38, 475–487 (1993) 

16. Igbaria, M., Guimaraes, T., Davis, G.B.: Testing the determinants of microcomputer usage 
via a structural equation model. J. of Management. Inform. Systems 11, 87–114 (1995) 

17. DeLone, W.H., McLean, E.R.: The DeLone and McLean Model of Information Systems 
Success: A Ten-Year Update. J. of Management. Inform. Systems 19, 9–30 (2003) 

18. Mishra, S.: A design framework for online learning environments. British J. of Edu. 
Tech. 33, 493–496 (2002) 

19. Wixom, B.H., Todd, P.A.: A Theoretical Integration of User Satisfaction and Technology 
Acceptance. Informs. Systems. Res. 16, 85–102 (2005) 

20. Culnan, M.J.: The dimensions of accessibility to online information: implications for 
implementing office information systems. ACM Tran. on Office Informs. Systems 2, 141–
150 (1984) 

21. Swanson, E.B.: Information channel disposition and use. Decision Sci. 18, 131–145 (1987) 
22. Ang, D.B.S., Chan, H.C., Lim, J.L.H.: Learning communities in cyberspace: a proposed 

conceptual framework. In: Cumming, G., et al. (eds.) Advanced Research in Computers 
and Communications in Education, New Human Abilities for the Networked Society, 
vol. 1, pp. 600–607. IOS Press, Netherlands (1999) 

23. Pituch, K., Lee, Y.: The influence of system characteristics on e-learning use. Computers 
& Education 47, 222–244 (2006) 

24. Palmer, J.W.: Web site Usability, Design, and Performance Metrics. Informs. Systems. 
Res. 13, 151–167 (2002) 

25. McKinney, V., Yoon, K., Zahedi, F.M.: The measurement of web-customer satisfaction: 
an expectation and disconfirmation approach. Informs. Systems. Res. 13, 296–315 (2002) 

26. Chiu, C.M.: Towards integrating hypermedia and information systems on the web. 
Information and Management 40, 165–175 (2003) 

27. Machlis: Site Designs Keep it Simple. Computerworld 32, 43–44 (1998) 
28. Burgoon, J.K., Bonito, J.A., Bengtssonb, B., Cederbergb, C., Lundebergc, M., Allspachd, 

L.: Interactivity in human–computer interaction: a study of credibility, understanding, and 
influence. Comp. in Human Behavior 16, 553–574 (2000) 

29. Hiltz, S.R., Wellman, B.: Asynchronous learning networks as a virtual classroom. 
Communicat. of the ACM 40, 44–49 (1997) 

30. Palloff, R.M., Pratt, K.: Building learning communities in cyberspace: Effective strategies 
for the online classroom. Jossey-Bass Publishers, San Francisco (1999) 

31. Berge, Z.L.: Interaction in post-secondary Web-based learning. Educational Tech. 39, 5–
11 (1999) 

32. MacDonald, C.J., Gabriel, M.A.: Toward a Partnership Model for Web-Based Learning. 
Internet and Higher Education 1, 203–216 (1998) 

33. Daugherty, M., Funke, B.L.: University Faculty and Student Perceptions of Web-Based 
Instruction. J. of Distance Edu. 13, 21–39 (1998) 

34. Liu, C., Arnett, K.P.: Exploring the factors associated with Web site success in the context 
of electronic commerce. Infor. & Management 38, 23–33 (2000) 

35. Conole, G.M., Dykea, M., Oliver, Sealea, J.: Mapping pedagogy and tools for effective 
learning design. Computers & Edu. 43, 17–33 (2004) 

36. Draves, W.A.: Teaching online. River Falls. LERN Books, Wisconsin, USA (2000) 



 An Empirical Investigation on the Effectiveness of Virtual Learning Environment 659 

37. Karpov, Y., Haywood, H.: Two ways to elaborate Vygotsky’s concept of mediation. 
American Psych. 53, 27–36 (1998) 

38. Sims, R.: Interactivity: a forgotten art? Comp. in Human Behavior 13, 157–180 (1997) 
39. Richardson, J.C., Swan, K.: Examining social presence in online courses in relation to 

students’ perceived learning and satisfaction. J. of Asynchronous Learning Networks 7, 
68–88 (2003) 

40. Picciano, A.G.: Beyond student perceptions: Issues of interaction, presence and 
performance in an online course. J. Asynchronous Learning Networks 6, 24–40 (2002) 

41. Dooley, D.: Social Research Methods. Prentice Hall, Englewood Cliffs (2001) 
42. Couper, M.P., Traugott, M.W., Lamias, M.J.: Web Survey Design and Administration. 

Public Opinion Quar. 65, 230–253 (2001) 
43. Stone, E.: Research Methods in Organizational Behavior. Goodyear Publishing Company, 

Santa Monica (1978) 
44. Cook, M., Campbell, D.T.: Quasi-Experimentation: Design and Analysis Issues for Fields 

Settings. Houghton Mifflin, Boston (1979) 
45. Campbell, D.T., Fiske, D.W.: Convergent and discriminant validation by the multitrait-

multimethod matrix. Psycho. Bulletin. 56, 81–105 (1959) 


	An Empirical Investigation on the Effectiveness of Virtual Learning Environment in Supporting Collaborative Learning: A System Design Perspective
	Introduction
	Literature Review
	Learning Theories and Pedagogical Approaches
	System Characteristics of VLE

	Research Model and Hypotheses
	Research Methodology
	Operationalization of Constructs
	Survey Design and Administration

	Data Analysis
	Measurement Model
	Structural Model

	Discussion and Implications
	Conclusion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Photoshop 4 Default CMYK)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.01667
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.01667
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 2.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /DEU ()
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.000 842.000]
>> setpagedevice




