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Computers are increasingly a part of preschooler�s lives. The purpose of the present paper was
to discuss research avenues employing computers as a learning tool and to analyse the results

obtained by this method at the preschoolers� learning level. Specifically this research was to
determine if computer assisted instruction (CAI) was a useful tool to enhance cognitive,
emotional, linguistic, and literacy skills in preschool children. CAI programmes may never
replace the book and the blackboard but one should be aware that they were more accessible

by young children, who learn better with pictures and sounds, and the proper use of appro-
priate programmes could make a considerable difference.
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INTRODUCTION

Computer technology holds promise for
improving student achievement and teacher quality in
educational programmes at all levels. Computers
were first used as tools for teaching in 1950 when
appropriate programmes were first elaborated. To
date, development has been rapid and technology has
been acknowledged as an additional teaching tool.
Major instructional uses of computers in schools
during the last few years were computer assisted
instruction (McKethan, Everhart, & Sanders, 2001).
Computer assisted instruction (CAI), combined with
traditional methods, was more helpful to students in
reaching their educational-training goals (Kinzie,
Sallivan, & Berdel, 1992). According to Rasmussen
and Davidson (1996), one of the most significant

advantages of CAI is the potential to individualise
instruction so as to meet the particular needs of the
student. Moreover, the presentation of the lesson
material in various ways (text, audio and graphics)
renders teaching by computer an interesting and
effective learning tool. While bearing the problems of
today�s classrooms in mind (overcrowding, educa-
tional programme overloading), teachers at all levels
are coming to view the use of CAI as a means of
improvement of their teaching.

Preschool students should not be excluded from
the virtual learning world simply because of their age
and developmental levels. The integration of com-
puters and telecommunications into preschool edu-
cation has become a high priority for everybody
involved in the learning process. The present paper�s
purpose was to discuss research avenues employing
computers as a learning tool and to analyse the re-
sults obtained by this method at the preschoolers�
learning level. Specifically this research was to
determine if CAI was a useful tool to enhance cog-
nitive, emotional, linguistic, and literacy skills in
preschool children. CAI programmes may never re-
place the book and the blackboard but we must be
aware that they are more accessible by young chil-
dren, who learn better with pictures and sound, and
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the proper use of appropriate programmes may make
a considerable difference.

Spencer and Baskin (1997) noted that CAI can be
used as a tutor to present concepts, information, or
skills normally presented through conventional
teaching methods. They reported that 4- to 5-year-old
children learned the alphabet, learned to count, and
learned how to discriminate between similar and dif-
ferent objects by interacting with a CAI programme
to present information, receive responses, and offer
new information based on the children�s responses.

Fletcher-Flinn and Gravatt (1995) reported that
CAI was more effective than traditional instruction
for a wide range of skills in maths, science, art,
reading, and writing with an average effect size of .24.
CAI effectiveness was demonstrated for preschool,
elementary, and secondary grade levels, as well as
special education. The largest effect size (.55) was for
the preschool group.

Din and Calao (2001) examined whether pre-
school children using CAI programmes on Playsta-
tion game consoles acquire spelling, reading and basic
mathematical/arithmetic skills better than children
who do not have such access. Forty-seven preschool
children, aged 5–6, constituted the sample for this
research, from a lower socio-economic background
and all were Afro-American. Pre- and post-tests were
carried out on both groups (experimental n=23 and
control n=24) to assess the level of achievement
(Wide-Range Achievement Test R-3). The duration of
the intervention programme was 11 weeks. The chil-
dren played with the game for 40 minutes daily,
5 days a week, and for at least 30 minutes daily at
home with their parents. The children of the control
group attended the school�s usual programme without
using the Playstation game.

Results demonstrated that both groups improved
in spelling and reading, but the progress for the
experimental group was much greater than that of the
control group. On the other hand there was no dif-
ference in knowledge of arithmetic, probably because
children were not sufficiently mature and it is difficult
to achieve an effect in sectors where children lack the
requisite maturity. However, the sample of this re-
search was also too small to be able to derive gener-
alities from it concerning the population at large.

Shute and Miksad research (1997) examined the
effect of CAI on cognitive development for preschool-
ers. The sample included 51 children between the ages of
2 and 10 months to 5-years-old, in a preschool in South
Australia. Pre- and post-tests were carried out to com-
pare the children�s cognitive differences. The interven-

tion programme lasted 8 weeks. Results showed that
CAI had greater effect on increasing verbal and oral
performance, although not on (basic mathematical
skills) basic arithmetic. Performance in general on these
specific skills was not increased by computer usage as
against traditional teaching methods. It is thus a myth
that computers are the ‘‘magical toys’’ they are broadly
perceived to be. Their use did however increase the
children�s attention span, especially in childrenwho had
attention difficulties. However, the sample was a small
one in this case as well.

On the other hand results from a research which
also took place in Australia had shown that children
who used CAI based activities, scored significantly
higher on the Test of Early Mathematical Abil-
ity—TEMA2 (Elliot & Hall, 1997). The sample for
this research constituted of 54 preschool students
who were identified as at risk for early learning dif-
ficulties. Children were placed into three groups. Two
groups used computer based math activities and the
third participated in noncomputer—based math
activities but used computers for other areas.

A study by Reitsma and Wesseling (1998)
investigated the effect of CAI on the potential for
development of word production and recognition of
their ‘families� by preschoolers. The study had a
twofold objective: (a) to evaluate an alternative
method of teaching potential word production and
recognition for preschoolers using computer and (b)
to determine the effects of such instruction on sub-
sequent reading ability. A number of exercises were
applied, with words, instructions and comments by
means of digital high-tech. 25 children were taught
the correspondence of letters-sounds for 12 weeks.
Another 28 were taught a vocabulary by using the
same computer programme, and a further 45 (the
control group) had no access to the specific computer
programmes. All the children showed improvement
in phonological compositions. Greater improvement
was observed, however, in the classes where the tea-
cher regularly used a variety of activities for the
evolution of phonological ability. The results also
demonstrated a considerable difference for the chil-
dren taught through computer. In fact, the trans-
ferred effects of the exercises for word codification
through computer were noted only a few months
after the initial reading lessons.

For their intervention research Segers and
Verhoeven (2002) developed a child friendly CAI
programme to enhance the early literacy skills of
preschoolers in Netherlands. In their study the par-
ticipants were all immigrants (25 children with
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average age 65.4 months for the first study and 30
children with average age 57.3 months for the second
one). The training consisted of three 25-minute ses-
sions for the first study and six 15-minute sessions for
the second one (across a period of 3 weeks). The
short training with the computer, in the first study,
showed generally positive results. Those children who
scored high at pre-test also learned more from the
training. In the second study, the significant learning
gains the students demonstrated also were found to
be visible one month after training

According to Chera and Wood (2003) study,
where CAI programme was used to promote pho-
nological awareness in children beginning to read, the
intervention group showed significantly higher in-
creases in phonological awareness than the control
group did. On the other hand there were no signifi-
cant benefits observed for word reading. The inter-
vention group received ten, 10-minute sessions with
the programme over 4 weeks, while the control group
completed normal activities. In order to ensure a
strict evaluation for the quantitative outcomes of the
intervention, the control group (15 children) had the
same age, gender and level of letter sound knowledge
at the time of the pre-test as the 15 children of the
intervention group. The results suggested that the
combination system of presenting both whole word
and segment speech feedback simultaneously may not
be very effective, probably because less attention was
being paid to the words as whole units and therefore
being learnt in that way.

In their research, Moxley et al. (1997) examined
computer use in developing writing ability in 3-year-
olds. The sample included 12 children and lasted
through two school years, during which they used a
CAI programme for their language lessons. Progress
in spelling and story writing were the indications
sought for the development of writing. Although
some children remained longer than others at the pre-
reading stage, the class as a whole showed steady
improvement in spelling and story-writing in the first
year, continuing on into the second.

The main outcome of the research was to provide
a database demonstrating how much a child�s writing
may be improved using a CAI programme, beginning
at the age of 3, until 4 years of age. Thus, Vygotsky�s
proposal (1935/1978) for transferring writing skills
education to preschoolers is justified, since it is more
feasible in our day due to widespread computer use.

The effectiveness of using a CAI programme was
examined in Carlson and White research (1998) in
teaching the notion of right and left side. Thirty-two

preschool students took part. The researchers first
estimated their knowledge of right and left, asking
them to identify familiar objects placed either to the
right or left of an initial object. The children were
from a middle socio-economic level, aged from 5½ to
6 years and 7 months. They were divided into two
groups: the experimental, to which the CAI was ap-
plied, and the control group learning right-left in the
traditional manner. Both groups had the same tea-
cher and had no previous instruction in the notions.
A pre-test was executed to establish the children�s
academic level. The experimental group took part in
the programme for 10 minutes over 2 weeks. The
results, both of the same group�s pre- and post-test, as
well as between the two different groups (experi-
mental and control) were subsequently compared in
order to determine the effect of the programme.

The results showed a positive impact by the
programme, and the experimental group had im-
proved the understanding of the notion of right-left
in relation to the control group. The research con-
firmed the positive use of computers as a tool for
learning in a manner that arouses interest in children.
The sample was, however, restricted and the children
had access to computers at home (middle socio-eco-
nomic level), which may possibly have affected the
research results.

In his research review on the relation between
computer use in the classroom and constructivist
teaching, Brown (1996) considered that the computer
may be used in three principal categories: (a) as a
book (b) as a mean for learning words and (c) as a
tool for graphics. Comparison between teaching by
computer and constructivist teaching showed differ-
ent results. The use of computers as books does not
conflict with a constructivist teaching method and
thought processes because children are unable to
modify the information and merely provide the cor-
rect answer. Computerised teaching is useful for
certain children in the development of post-cognitive
skills and not at the initial stage of acquiring such
knowledge. Use of computers as means of learning
words is the most competitive, compared to con-
structivist teaching, because it permits children to
form words on their own, based on their level of
competence, to interact amongst themselves and to
exchange thoughts and experiences. Computer use as
a tool for graphics can help children particularly in
learning geometry. However, the value of computer
use in the classroom depends on the type and quality
of each CAI programme, as well as the teacher�s
competence in handling the CAI programme. While
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the computer and its use in class could not be the
answer to everything in education, it might become
an implement for cognitive development in preschool
children.

Other researchers besides Brown have emphas-
ised the significance of developmentally appropriate
CAI programmes for the instruction in preschool.
Escobedo and Bhargava�s (1991) research demon-
strated that young children showed greater interest in
the use of a graphics programme when their com-
mands were required. The children wished to explore
and create their own graphic symbols, irrespective of
sex and age, when the graphics were developmentally
appropriate ones.

In the same way, Hangland (1992) found that
children feel happier and more creative with a com-
puter when it has developmentally appropriate CAI
programmes, compared to CAI programmes, which
do not allow control by the children themselves. In
fact, this type of programme diminished the chil-
dren�s creativity by 50% and made them passive users
of software.

Kulik (1994) in his research review on CAI with
children from preschool through higher education
confirmed the positive effect of computer in learning
process. Students who used CAI scored higher on the
achievement test, learned in less time, and were more
likely to develop positive attitudes.

Most of the previous studies dealt primarily with
the various effects of computers on young children,
and with the advantages, disadvantages and poten-
tials of computer learning environments for pre-
schoolers, while the roles of the adults in preschool
computer learning environments were generally
overlooked, according to Klein, Nir-Gal, and Darom
(2000). These researchers made an attempt to use
mediated learning theory in order to identify basic
characteristics of adult–child mediation in a com-
puter learning environment. Subjects were 150 pre-
school students, 79 boys and 71 girls, ranging in age
between 5 and 6 years. The types of adult interaction
considered were: (1) mediation: provision of media-
tion, including behaviours such as focusing, affecting,
expanding, encouraging, and regulation of behav-
iour; (2) accompaniment: responding to children�s
questions; and (3) no assistance. The results of this
study revealed that children interacting with adults
who were trained to mediate in a computer environ-
ment, scored significantly higher than other children
on measures of abstract thinking, planning, vocabu-
lary, and visual-motor coordination, and on mea-
sures of responsiveness, including measures of

reflective thinking. Furthermore there were no dif-
ferences in performance of children who worked in a
computer environment with an adult available to
answer their questions; and others who received
technical assistance only.

In their research Passig and Levin (1999) made
an attempt to examine the differences of satisfaction
with multimedia computer assisted instruction
(MCAI) learning interfaces between boys and girls.
Subjects were 90 preschool children, 46 boys and 44
girls. The research findings revealed significant gen-
der differences in time on task and in intrinsic satis-
faction with MCAI learning interfaces. Boys
emphasized control over the computer and preferred
high-action programs while girls responded to writ-
ing, colors, drawing, help, and calm games. On
the other hand, according to the findings of
Wilson-Gillespie�s (2004) research, there were not
systematic gender differences between the preschool
girls and boys with regard to their behaviour during
Lego-Logo time.

DISCUSSION

Despite the small sample size and short time
period, there was some evidence by reviewing the
above research projects that supported the positive
influence of computer usage as a learning tool for
children at preschool as compared to traditional
teaching of skills. Significant differences were de-
tected in learning direction (right-left) in the Carlson
and White (1998) study where the two teaching
methods (by CAI and traditional) had statistically
significant differences between them, confirming the
positive use of computers as a tool of learning. In the
same way, Kulik (1994) found that students who used
CAI scored higher on achievement tests, learned in
less time, and were more likely to develop positive
attitudes.

The contribution of computer use to the acqui-
sition of spelling and reading (Din & Calao, 2001),
and writing abilities (Moxley et al., 1997) was also
very significant. There was greater improvement in
phonological composition (word creation and rec-
ognition) with use of a CAI programme, rather than
by traditional teaching methods (Reitsma & Wessel-
ing, 1998). In these studies, no differences were found
in the development of mathematical notions by
computer use as opposed to traditional methods and
this was explained by the lack of maturity in children
of this age at being able to develop mathematical
thinking (Shute & Miksad, 1997). On the other hand
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results from Elliot and Hull�s intervention research
(1997) revealed significantly higher scores on the Test
of Mathematical Ability for preschool students who
used CAI based activities. Similarly, Fletcher-Flinn
and Gravatt (1995) reported that CAI was more
effective than traditional instruction for a wide range
of skills in math, science, art, reading, and writing.

The duration of computer-acquired knowledge is
another area of interest. Reitsma and Wesseling
(1998) found lasting evidence of development in word
production and in recognition of their groupings by
computer use, even some months following the
implementation of the intervention programme.
Immigrant preschool students in the Netherlands
benefited from the computer supported vocabulary
program and these significant learning gains were
found still to be visible 1 month after training. Those
children who preformed higher in the pre-test or who
performed more exercises on the computer scored
significantly higher (Segers & Verhoeven, 2002).

The use of animated multimedia books resulted
in gains in general phonological awareness and in
awareness of letter sounds and word onsets in chil-
dren beginning to read while there were no significant
benefits for word reading (Chera & Wood, 2003).

Passig and Levin (1999) pointed out the gender
differences in learning interest from different designs
of MCAI interfaces. Their findings indicated the
existence of different attitude between boys and girls
toward different issues: boys showed more interest in
the game activities while girls had more interest in the
visual aspects of the game.

Another important discovery in Shute and
Miksal (1997) research was the increased attention
span of children while learning with the use of com-
puter.

Klein, Nir-Gal, and Darom (2000) focused on
the adult- child mediation in a computer learning
environment. The results indicated significantly
higher achievements for preschool students who
interacted with adults who were trained as mediators
within the computer environment.

Additionally, use of computers as books did not
make a difference for children�s learning process,
which is to say, it is not yet in a position to replace the
equivalent manuals. Differences were found, however
in its use for word recognition and its employment as
a tool for graphics, aiding in the comprehension of
basic geometrical concepts (Brown, 1996).

Furthermore, what the teacher should constantly
bear in mind, according to Escobedo and Bhargava
(1991), Haugland (1992) and Brown (1996) is that the

use of CAI programmes in education must be
developmentally appropriate to the child; otherwise
the results of such use in achieving the learning
objectives will not be the expected ones.

CONCLUSIONS

As established by the above review, computer
use has been applied experimentally at the preschool
level on a wide scope of skills and knowledge acqui-
sition. Results demonstrated a significant contribu-
tion of computer use in the classroom as a learning
tool. Such use, however, should keep pace with the
development of children at preschool age. The CAI
programmes applied should be developmentally
appropriate to achieving specific learning goals; a
learning tool of any type would have little effect if the
objectives and plans of the lessons and means of
teaching are not developmentally appropriate.

Teachers and students should also keep in mind
that teaching through computers is an interactive
process and, consequently, has a positive effect on
learning. It is well known that children learn faster in
an interactively functioning learning environment.
This is probably the most important advantage of
computer use in the teaching process against tradi-
tional teaching.

Moreover, the use of computers as a teaching
tool allows children to learn at their own individual
pace. Upon achieving one level of knowledge they
can proceed to the next, which is not the case in
traditional teaching.

Also one should bear in mind the small size of
research samples, which will have affected the results
of the intervention programmes.

Evidently, the possibility of increasing children�s
attention spans is a matter that deserves concern gi-
ven the ‘thorn� presented by the lack of attention in
children in everyday life, both in managing preschool
classes and elsewhere. If the computer lengthens their
attention span, then its broader use should be rec-
ommended.

The respective teacher�s capabilities to handle
such technology as a teaching tool have been a very
important factor. It is essential that educators should
be trained in the ability to apply new technologies
and to interact with the students during the learning
process. Attending training programmes and keeping
an open mind are the keys to a teacher�s success.

Additional research should be done on the
effectiveness of CAI in promoting early academic
skills in preschoolers. As the reviews of this study are
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still preliminary, more detailed guidelines for apply-
ing CAI programmes in practice have yet to be
published. Preschool students need the opportunity
to apply their new skills in a variety of tasks for
generalization. In summary, the use of CAI pro-
grammes can be an effective tool for the teacher: a
tool which can be used to enhance learning academic
skills, promote maintenance of skills, and reinforce
learning through additional practice on a motivating
medium.

Finally in order to maximize the benefits of com-
puter use in education, all the educators should keep in
their minds this question: ‘‘Can we use technology to
teach the same old stuff in the same way or can we
capitalize on the benefits of technology by using inte-
grated computer activities to increase achievement?’’
(Clements & Sarama, 2002, pp. 340–343).

REFERENCES

Brown, D. (1996). Kids, computers, and constructivism. Journal of
Instructional Psychology, 23, 189–195.

Carlson, S., & White, S. (1998). The effectiveness of a computer
program in helping kindergarten students learn the concepts of
left and right. Journal of Computing in Childhood Education,
9(2), 133–147.

Chera, P., & Wood, C. (2003). Animated multimedia ‘talking
books� can promote phonological awareness in children
beginning to read. Learning and Instruction, 13, 33–52.

Clements, D. H., & Sarama, J. (2002). The role of technology in
early childhood learning. Teaching Children Mathematics, 8(6),
340–343.

Din, F., & Calao, J. (2001). The effects of playing educational video
games on kindergarten achievement. Child Study Journal,
31(2), 95–102.

Elliot, A., & Hall, N. (1997). The impact of self-regulatory teaching
strategies on ‘‘at-risk’’ preschoolers� mathematical learning in
a computer mediated environment. Journal of Computing in
Childhood Education, 8, 187–198.

Escobedo, T. H., & Bhargava, A. (1991). A study of children
computer-generated graphics. Journal of Computing in Child-
hood Education, 2(4), 3–25.

Fletcher-Flinn, C. M., & Gravatt, B. (1995). The efficacy of
computer assisted instruction (CAI): A meta-analysis. Journal
of Educational and Computing Research, 12, 219–242.

Haugland, S. (1992). Effect of computer software on preschool
children developmentally gains. Journal of Computing in
Childhood Education, 3(1), 15–30.

Kinzie, M. B., Sullivan, H. J., & Berdel, R. L. (1992). Motivational
and achievement effects of learner control over content review
within CAI. Journal of Educational Computing Research, 8(1),
101–114.

Klein, P. S., Nir-Gal, O., & Darom, E. (2000). The use of
computers in kindergarten, with or without adult mediation:
effects on children�s cognitive performance and behavior.
Computers in Human Behavior, 16, 591–608.

Kulik, J. A. (1994). Meta-analytic studies of findings on computer-
based instruction. In E. L. Baker, & H. F. O�Neil (Eds.),
Technology assessment in education and training. Hillsdale, NJ:
LEA Publishers.

McKethan, R., Everhart, B., & Sanders, R. (2001). The effects of
multimedia software instruction and lecture-based instruction
on learning and teaching cues of manipulative skills on
preservice physical education teachers. Physical Educator,
58(1), 2–13.

Moxley, R., Warash, B., Coffman, G., Brinton, K., & Concannon,
K. (1997). Writing development using computers in a class of
three-year-olds. Journal of Computing in Childhood Education,
8(2–3), 133–164.

Passig, D., & Levin, H. (1999). Gender interest differences with
multimedia learning interfaces. Computers in Human Behavior,
15, 173–183.

Reitsma, P., & Wesseling, R. (1998). Effects of computer-assisted
training of blending skills in kindergartners. Scientific Studies
of Reading, 2(4), 301–320.

Segers, E., & Verhoeven, L. (2002). Multimedia support of early
literacy learning. Computer & Education, 39, 207–221.

Shute, R., & Miksad, J. (1997). Computer assisted instruction and
cognitive development in preschoolers. Child Study Journal,
27(3), 237–253.

Spencer M., & Baskin L. (1997). Microcomputers and young
children. Urbana, IL: ERIC Clearinghouse on Elementary and
Early Childhood Education. (ERIC Document Reproduction
Service No. ED 327295 83).

Wilson-Gillespie, C. (2004). Seymour Papert�s Vision for Early
Childhood Education? A Descriptive Study of Head Start and
Kindergarten Students in Discovery-based, Logo-rich Class-
rooms. Available at: http://ecrp.uiuc.edu/v6n1/gillespie.html
[2004, spring].

104 Vernadakis, Avgerinos, Tsitskari, and Zachopoulou



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /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 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


