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Boom a on a hildrensPerce tiaL n 

ATA LIN F ANN-MATT I M

ABSI ACT: In tif s l u yll the author in eatn t d tiue infuen'ce of the educationa
program Natur' on the Wa 'to S tool on children'ss everyda; per'eptioxn of pecteso
Moeret an 4, 00 c:hildren (846 years ol:d) from 248 classes in S 'tzerlanL partici
patd in tCe sItdyt Possiblhe atrfluences of the program were e aluated with the help
of pretest and posttest questionnaires completed by test-group and control-group
teachers and students. Participation in the program significantly increased thle num-
ber and diversity of species th at children noticed on the way to school; the po'itive
effects increased with the time spent on the program. The program had a similar pos-
itive effect on both younger and older children and on girls and boys
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here is increasina co.nceria amoncg scientists abotEt the

stata of the environment worldw7ide (Botkin & Keller,
1995 ; Robinson. 1993). 3iodiversity is a major foc us of this
concerni (see overviewv in Ievwoocd 1995)- the accelerating
lecline in biodiv'ersity because of human activities is one of

the most urgent enivironrnmetal issues (Meft e & Carroll.

1994; Wilson, 1992). To safeguard the global richness of
life foriis, it is essential to raise, ptublic awareness about the
need to preserve biological diversity (United Nations Edu-
c atioral, Scientific, and Cultural Organization, 1993; World
Resources Institute & The World Conser 'ation Union/Unit-
ed Nations Environmisent Program., 1992). lowevera biodi-
yversity has only recently become ain important focus of sci-
entifi research and political discussion (Wilson & Peter,
1988). It is also a relatively iew iss e in eclucatilna'

research atld formal education (Chipeniuk 1995; Crisci,
Mclnerney, & McWethy, 1.993; Mayer, 1992).

WVeilbacher (1993) has irgued that individuals will only
[niss a species if they know it and have devIelop ed a rela-
tionship with it. The study of organisns and their diversity
used to be a focus of traditional biology education; in receint
decades, however; biology education has becoime increas-
ingly donminated by physiology, nmolecular biology, and
gaenetics (Mayer, 1993; Yore & Boyear 1997). The biodiver-
sity crisis has generated renewed interest in organismic biol-
ogy and has evoked dezariads for greater emphasis o1 the
study of or anisms and their diversity in educatioi (iMallow,
1994). Nevertheless, students should iiot be passie recipi-
ents of meaningless names and inforniatiin as in classic tax-
ononmy eduication (Crisci et aL., 1993). In a Germian survey,

msost experts thought that biodiversity education should be
an activ'e process, in which students (a) observe and investi-
gate pla'nts aiid animals in their i medit ate environmenit, (b)
become kno wledgeable about local speaies, and (c) under-
stand and value biodiversity (Mayer, 1992).
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Recently, educational programs and materials have been
developed in European countries in an effort to foster an
understanding of biodiversity (Crisci et al., 1.993; Cuche &
Gigon. 1996; Nagel, 1997; Schweizerischer Bund fUir Natur-
schutz, SBN, 1995). One needs suitable evaluations to assess
the effectiveness of these programs (Benniett, 1988; Leem-
ing. Dwyer, Porter, & Cobern, 1993; Stokking, van Zoelen,
van Aert, & Young, 1995). At present, little is known about
the outcomes of modem biodiversity education.

Previous studies have concentrated on the effects of envi-
ronmental education (EE) on students' environmental
knowledge, attitudes, and behavior (see reviews in Hines,
Hungerford, & Tomera, 1986; Langeheine & Lehmann,
1986; Leeming et al., 1993; Leeming, Dwyer, Porter,
Cobern, & Oliver, 1997). Few researchers have investigated
the effect of taxonomy education on children's knowledge
about particular species; taxonomy education can increase
children's knowledge about plants and animals (Pfligers-
dorffer, 1984; Rexer & Birkel, 1986; Scherf. 1985; Staros-
ta, 1990; see also Killermann, 1996). As one study indi-
cates, taxonomy education can also increase students'
protective attitudes toward a particular species (Scherf,
1985). In an Austrian study, Pfligersdorffer (t1984) showed
that seventh graders who participated in a half-day excur-
sion to a forest and investigated organisms in their natural
environment learned more about forest organisms than stu-
dents who received a theoretical 2-hr classroom instruction
on the same topic. Similar results were found in a German
study in which sixth graders received four lessons about
aquatic species either at a pond or in the classroom (Staros-
ta, 1990). In both studies, students with poor learning abil-
ities (in particular) profited from the field trips (Pfligers-
dorffer, 1984; Rexer & Birkel, 1986; Starosta, 1990). In a
German study of fourth graders, a 3-hr classroom instruc-
tion about local ruderal plants combined with a field trip
was more effective than classroom instruction only (Scherf,
1985)o However, all these stLdies included only a few class-
es and did not compare d-ifferent age groups.

Educational programs are usually designed for a certain
type of school (e.g., primar or secondary) and not for par-
ticular class levels. Nonetheless, to improve the suitability
of programs, it is important to knlow if children of different
ages benefit to a similar degree from a program (Leeming et
al., 1993). German researchers have found that children's
interest in biology increases until the beginning of adoles-
cence and then declines significantly between the ages of 12
and 15 (Lowe, 1992). Researchers in the United States
found a similar trend in a 10-year longitudinal study (Simp-
Sonl & 0liver, 1990); the large population of study partici-
pants (4,500 students in Grades 6-1 0) showed that positive
attitudes toward science and motivation to achieve in sci-
ence steadily declined with age. Educational programs,
therefore, might not be equally effective for students of dif-
ferent ages.

My aim in the present study was to investigate the influ-
ence of the edu{cational program Nature on the Way to

School on children's everyday-life perceptions of species
and diversity. More than 4,000 children from 248 classes (of
different grades) participated in the study, which was part of
a larger project on children's cognition of biodiversity in
Switzerland (Lindemann-Matthies, 1999). The main ques-
tions that I explored in the study were (a) Did the educa-
tional program increase Swiss children's perception of
species? If so, which additional species did the children
notice? (b) Did the program lead to the children's acquain-
tance with species that they previously did not know? (c)
Was the program's outcome related to the time spent on the
program? (d) Did the children's age and sex influence the
program's outcome9

Method

The Educational Program

The Swiss conservation organization Pro Natura devel-
oped the Nature on the Way to School program as an edu-
cational supplement for primary schools. The main aims of
the program xwere the promotion of (a) opportunities for
children to experience nature first hand on the way to
school, (b) children's awareness of nature in their everyday
lives, and (c) interest in and tolerance for local species. Pro
Natura provided a brochure and a poster to help teachers
and students investigate nature and take action in natture
conservation (SBN, 1995). The program was designed to be
implemn ented during the spring and summer (the vegetation
period). Between March 1995 and July 1995, more than 500
classes and 14,000 students from all over Switzerland par-
ticipated in Nature on the Way to School.

In the edu cational material, teachers were given instnic-
tion on how to engage their students in active investigations
of nature during lessons and how to observe nature during
their daily walks to school. (In Switzerland, primary school
children usually live in walking distance of their school.)
The educatiotnal material included information on (a) the
life of the sparrow; (b) snails, slugs, and earthworms; (c)
ladybirds; (d) insects on plants; (e) trees in the city; (f,
climbing plants; (g) life in cracks and crevices; (h) lichens
and mosses; and (i) native and nonnative plants. Each topic
was presented on two pages of a brochure. One page con-
taimed relevant information for the teachers, including
methodological and didactie aids. The other page contained
suggestions for observation tasks for the students. Illustra-
tions of common species were also included. In addition,
the brochure included songs, poems, riddles, suggestions
for action to further nature conservation, and detailed
instructions about how to participate in a nature gallery
involving "framing" favorite plants or animals (SBN,
1995).

In May 1995 (on the way to school) students placed a
picture frame around a plant-or, if possible, animal-that
they especially valued. The children were encouraged to
stay with their frames for about I week, explaining to other
children, to parents, to passers by, and in some cases also to
the media why they had selected these particular objects.

23



The Journal of Environm-nenital Education

Thus, the children trie d to increase adolts' aw'areness of
native species and diversity, with the hope of prom oting a
behavior that is compatible with the eonser'vationl of
species.

The program was tlexible. Teachers were free to select
suitable topics anid methods for their classes. The teach-
ers completed a questionnaire that provit ed information
about the activities undertaken during the pr'ogram. More-
over, teachers eingaged their sttudents in hands-on activi-
ties outside the classroom (i.e., the observatio)n, identifi-
cation, and stldy of plants and animais, and the nature
gallery). Students also colle'ted natura objects and pre-
sented them in the classrooml, drew plants and animals,
and kept aninmals (i.e., snails, slugs, and earthworms) in
the classroom For observ'ation. Some children maintained
diaries in which they recorded their olbservatio)ns about
plants and a'nimals that they en'ountered on their wav to
school.

Study Design anid Treatments

All teachers who had ordered the educational material for
Nature oni the Way to School were asked to part-icipate in
the present stuidy. Along with the eduLcational materi al, these
teachers received a questionnaire, questionnaires for their
students, a letter containing an outlhne of the aims of the
present study, and detailed instructions about how to per-
form the evaluation.

Evaluations 'an be biased if a teacher administers both
the intervention (treatniient) and the questionnaires (see
Bogner, 1998). In the present study, hoxwever, it was niot
possible to control for researcher versus teacher influences
by personally administering the questioinnaires to randomly
selected classes. The only way to address the proagra'm par-
ticipants (teachers and their classes) was 'ia the program
org anizers. who asked for as little interference as possible.
Moreo ver, there is a strict data protect io law in Switzer-
land and, therefore, the researcher kniew ieither tlhe sch ools
nor the teacniers. The participants' an )tvmity was guaran-
teed, but-to be able to match the questionnaires of classes
with-1 those of their teachers-I m' rked each set of que stion-

naires with a number.
I e'aluated possible influence' of the progra m on partic-

ipants using a pretest or psttest designm with a test group
and a control group (Figure 1). The control group consisted
of classes that did not participate in the program but com-
pleted the questionnaires. The nec'essity of a 'ontrol group
was explained to the teachers who were asked to select a
onatching 'lass to serv'e as the *ontrol group.

Teachers were asked to administer the qtoestioinaires in
the classroomix. The pretest questionnlaires were completed
immediately before the sta rt of the program; the posttest
and teachers' ques:tionnaires were completed imnmediately
after the end of the program. All of the children's question-
naires were identical, although a few additio mal questions
abonut te program were included in the posttest for the test

group.

Insltrument

The pretest questionnaires (for the test group and 'on-
trol grotup) and the posttest questionniaire (for the conitrol
group) consisted of 18 itenis; the posttest questionnaire
(for the test group) consisted of 25 items. The items inves-
tigated children's perception of biodiversity in everyday
life and their preferen ces regarding plants and anmimals.
The teachers' questionnaire comprised 13 items, which
asked -for the activities u01dertaken duriarg the program, the
number of lessons spent, teachers' assessment of the edu-
cationial material, amad the activities undertaken. (A set of
questionna ires is available in English from the authomr,
petral@ uwinst.unizh.ch)

A panel o f'tur env'ironmental education experts evaluat-

ed the content validity of the items in the questionnaires; the
final items were fornulated and tested in a pilot study on
the basis of their comments. To test whether all 'hildren
uniderstood the questions, individual' children were asked to
describe the meaning of each item and to commenet on the
Ianouage (see reco mmendations in Friedriehs, )990; Press-
er & Blair, 1994). The instrument was then tested in lour
classes in a primary school that did not parrticipate in the
programi. Durinng the trial, the teachers were asked to review
the qoestions and to comment oni the foraat.

The children were asked (in both the pretest aid the
posttest) to list and name as many of the plants a'd aniimals
they en'countered on their way to school as they 'ould. In the
posttest, the test groop w'as also asked if they had be'ome

fataniliar witli plants or animals that they had niever seen
before. The children 'ould choose between the answers
6"yes' "nto," and "don't know.' In addition, they were asied

to record the namres of the oraanisms with whielh they had
becon'e familiar. The children were also asked to record
thier age (in years) and sex; the teachers were asked to indi-
cate the time (number of lessons) spent on the pro6gramt.

esponse Rate and Respondents

The questioanaires were sent to 525 Swiss schools. The

pretest questionnaires were returned by 38% of5 the schools;
the posttest questionnaires were returned by 31% of the
sc'hools. The data were collected during a 5-monoth period
(March throutgh July 1995).

FIGURE 1. Study design and number of classes in the
test group and control group.

Test group C(ntrd group

pFttest 06h ciasses) Pretest (82 classes)

l I1
&ItMcatinal program No special school program

"MNalre on thie Waiv to School"
.1 

Posttest 1 66 classes) IIots'test (82 classes

aind questitonair' for teachers
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Only classes that participated in both the pretest and the
posttest were included in the analyses (248 classes from 146
schools). The test group consisted of 166 classes and the
control group consisted of 82 classes (Figure 1). Although
the teaching material was designed primarily for primary

schools, some secondary schools also participated in the
program. (In Switzerland, students start secondary school
as seventh graders.) The mean age of children in the partic-
ipating classes ranged from 8-16 years, but the largest
group was 10 years old. Children in the test group and the
control group were of similar age (10.6 years and 10.9
years, respectively; p = .39). The proportion of girls was
5 1 / in the control group and 49% in the test group.

Statistical Analysis

Because of the hierarchical design of the study (classes in
schools, children in classes), I analyzed the data about
changes in species perception using nested analyses of vari-
ance (Sokal & Rohlf, 1981). This type of analysis is neces-
sary to avoid pseudoreplication, which is a frequent prob-
lem in environmental education research (Leeming et al.,
1993). The unit of analysis for the effects of the mean age
of children and of the educational program was the class,
because the childreni's mean age was known for each class
and the treatment (participation in the educational program)
was applied to the individual classes. Individual children in
a class do not constitute independent experimental units
because they are all taught by the same teacher and interact
in various ways with each other. The effects of mean age,
treatment, and number of lessons spent on the program
were, thus, tested against the residual variation among
classes, whereas the effects of the sex of the children and of
the interactions with this factor were tested against the
residual.

FIGURE 2. The effect of the educational program on
the number of taxa that Swiss children noticed on the
way to school.

3

2

0
Animals

TABLE 1. Nested ANOVA of the Effects of Treatment (Participation in the Educational Program)

All taxa Plants Animals
Source df MS F MS F MS F

School 145 52.67 1.1 15.74 1.2 13.99 1.0
M age 6 19.03 0.4 6.01 0.5 4.87 0.3
Age (linear) 1 9.91 0.2 1.82 0.1 3.24 0.2
Age (quadratic) 1 76.66 1.6 17.14 1.3 21.31 1.5
Age (residual) 4 6.91 0.1 4.28 0.3 1.17 0.1
Treatment (T) 1 418.63 9.0** 106M80 8.2** 102.54 7.3'*
Age (linear) x T 1 66.97 1.4 4.81 0.4 35.90 2.6
Age (quadratic) x T 1 147.25 3.1 60.32 4.6* 19.08 1.4
Age (residual) x T 4 20.68 0.4 5.87 0.5 7.82 0.6
Class 101 46.57 6.6*** 13.03 5.9*** 14.01 4.9***
Sex 1 94.21 13.3*** 13.90 6,3* 35.73 12.5***
Age (linear) x Sex 1 8.08 1.1 3.74 1.7 0.83 0.3
Age (quadratic) x Sex 1 27.14 3.8 11.19 5.1* 3.48 1.2
Age (residual) x Sex 4 :12.93 1.8 4.98 2.3 3.02 1.1
Treatment x Sex 1 0.04 < 0.1 0.55 0.3 0.29 0.1
Residual 228 7.09 2.20 2.85

Total 501

Note. The effects of school, age. treatment, and their interactions with treatment were tested against the residual variation among classes. All other
effects were tested against the residual. Age and sex on the mean increased from pretest to posttest in the number of taxa Swiss children noticed on
the way to school.
*p < .0)5. **p < .01. **'*p < .001.

2.5
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To investigate the relationship between the niiean age of
children and the studied variables in more detail, I -itted lin-
ear and quadratic contrasts, These contrasts are more useful
than a simnple test of the effeect of age bec'ause they answer
more focused questions (see RosentI al, Rosnow, & Rubin,
2000; Sokal & Rohlf, 1981). For instance, whereas an over-
all test aives no indication of the foirm of the relati)onship
between age and the change in species perception from
spring to summer, a linear contrast inldicates if the i rcrease
in species perceptio)n inc'reases with age anid a quadratic
contrast itnmdicates if there is an age at wiich the increase is
maximal (parabolic relationship). Because of the hierarchi-
'al design, I calculated Type I sums of squares (Potviin,
1993). 1 perfo rmed all atialyses with the progranm SPSS for
Windows (SPSS, 1998).

Results

On average, the posttest was carried out 7 weeks after the
pretest. In the posttest, thKe mean niumber of taxa that chil-
dren noticed on their way to school was higher in both the
control group and the test group (Figur 2.). However, the
inc'rease in the mean number of taxa listed was sianifcant-
ly larger in the test group than in the control group (2.6 and
0.8, respectively; Table 1). Thus, the progra' was success-
fu and increased the perception of species. This inerease
was similar for both plants and animals (see Figure 2).

The meati age of children in a 'class had nlo effect on the
mean iin rease in the antLmber of taxa that the children in a
class noticed. The effect of participaition in the program on
the m'ean in crease in the number of animals and the total
number of taxa noticed was similar for children of dlifferent
ages. Howeverm the increase in plant perception becanse of
participation in creased until age 10 and then decreased (see
signifi'cant interat-eion betweeni quad'atic trenad component
of age acd treatment in Table 1).

Thie residual variation amintg classes within schools was
sigiii 'cant. Because of the hierar'hiical analysis, this result

shows that there were differences among the individual
classes that could not b e explained by differences among
t6e sc'hools or among the mean ages of the children (by
effects of the educational p 'ogram). These disparities mtay
be attributed to differen'es a'mmong teachers.

The mean increase from spring to early surnmer in the
number of taxa noticed was larger for girls than for boys,
both in thre conitrol and in the test group (Talble 1: all taxa =
2.4 and 1.5 respectively; plants = 1.1 and .8, respectively;
animals 1.3 and .79 respectively). Regarding the increase in
planit perception, the difference betweeti girls and boys
in Treased until age 11 ai d then decreased (see signiit 'cant
ifteractioa between sex and age in Table 1). Participation in
the program improved girls' and boys' perception of taxa to
a similar degree (no signifficant interaction between sex and
reatmenit; see Tmble 1).

T'achers spent between a and 60 hr of lessons (M = 17
hours) on t e various activities of Nattre on the Way to

TABLE 2. Nested ANOVA of the Effects o the Numnber of Lessons Spent on the Educational Program

All taxa Plants Animals

Source c/f S IS F MS F

Mage 6 51.76 0.8 15.31 (.8 1397 (.8
Lessons (log) 1 786.95 11,9**8 202.90 1 i.0*" ' 190.67 10.4*
Age x LessonS 6 21.83 0.3 7.46 0A4 5,54 0.3
Class 129 66.41 85*i** 18.39 7.4A** 18.33 6.2***
Sex 1 62.34 8.(0*fi 15.10 ( 6.* 16.08 5.5*
Sex x Lessons 1 2.98 0.4 1.81 0.7 0.14 < 0.1

Residual 119 7.80 2.48 2.94
Total 263

Note. Age anld sex on the mrean inc'reased from pretest to posttest in the number of taxa. Swiss children noticed on the way to school.
*p < D5. **:P <.01. k** 7 <.001. 

'ICURE 3. The efect of the amount of time (number of
lessons) that teachers spent on the educational program
Nature on the Way to School.

Plants Animals

15-I

r = .30*** r =,31 ***

,10 e %14 

v. . ; :S :;if

eu5 ~-5
I e 10 104 10 100

Number of lessons taught (log-scale)
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School. The number of lessons taught had a strong effect on
the mean increase from spring (pretest) to early summer
(posttest) in the number of taxa that a class noticned (Table
2). This effect was similar for plant and for animal taxa. The
more time that teachers spent on the program, the more
additional plant and anima1 taxa the class was able to list
from the pretest to the posttest (Figure 3). The nuLmber of
lessons taught changed the perception of children of differ-
ent ages to a similar degree (no significant interaction
between age and number of lessons; see Table 2). The influ-
ence on changes in girls' and boys' perceptions was also

FIGURE 4. Changes between spring and early summer in
the number of taxa that Swiss children noticed on the way
to school.

Wild plants

Invertebrates

Wild vertebrates

Garden or
decorative plants

Pet or useful
animals 1

Birds

Plants *

- Control group
Test group

-0.4 0.0 0.4 0.8 1.2 1.6
Mean increase in number of taxa

2.

similar (There was no significant interactioin between gen-
der and number of lessons; see Table 2).

Participation in the program influenced not only thfe num-
ber of plant and animal taxa that children noticed on their way
to school, buLt also the identity of the taxa they listed. Children
in both the test group and the control group tended to list more

Mean age of children (years)

TABLE 4. Nested ANOVA of the Effects of Age and
Sex on the Mean Proportion of Children Per Class
Who Stated That They Had Become Familiar With
New Taxa of Plants or Animals During the
Educational Program

Source dt Ms F

M age 6 4,122.72 2.7*
Age (linear) 1 19,840.24 13.l***
Age (quadratic) 1 1,881.29 1.2
Age (residual) 4 753.61 0.5
Class 161 1,511.04 6.0***
Sex 1 2,814.40 11.3**
Age (linear) x Sex 1 7.94 < 0.1
Age (quadratic) x Sex 1 256.02 1.0
Age (residual) x Sex 4 239.89 1.0
Residual 149 249.86
Total 329

Note. The effects of age, number of lessons spent, and their inter-
actions were tested against the residual variation among classes;
all other effects were tested against the residual.
p .5( *p <.01. ** p <.001.

TABLE 3. Effect of the Educational Program on
Children's Acquaintance With New Taxa of Plants
and Animals

Total no. Proportion of
Groups of taxa of answers children (%)

Wild flowers and grasses 898 75.1
Insects and spiders 328 27.4
Wild trees and shrubs,

woody climbers 243 20.3
Wild birds 236 19.7
Ferns, mosses, lichens 119 10.0
Other groups of plants 291 24.3
Other groups of animals 161 13.5

Note. The plant and animal taxa were grouped into broad cate-
gories. Responding children numbered 1,195. Percentages do not
equal 1t)0% because more than one answer was allowed.

FIGURE 5. The effect of mean age on the mean pro-
portion of children in a class that became familiar with
new taxa of plants and animals during Nature on the
Wav to School.
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wild plants and aninmals in summer than in spring and less
domestic species or unspecified taxa (i.e., birds, tees. shrubs,
grasses, and flowers; Figure 4). Nevertheless, this effect was
much larger in the test group that in the control group.

On average, 43% of the 'hilcIren stated that they had
become familiar with new plants or animals duiring the pro-
graml, 21% were not sure, and 36% ibeleved that they had
not becotne familiar with new organxisms. Overall, the par-
ticipants listed 483 new plant and animal taxa; they listed
wild fiowers, grasses, insects, and spiders most freqiuently
(Table 3). Individual taxa listed most often were lichens,
geraniums, firebugs, bugles, anid ivy.

Partic ipatioi in the educational program affected girls
and boys differently regarding their perceptions of new taxa
(Table 4a). A higher proportion of girls (46.6%) than boys
(39.7%) in a class stated that they hiad become acquainted
with new plant or animal taxa during the program. This
effect was similar for all age groups (no significant interac-
tion between age and gender; se Table 4a).

The children's mean age had a strong influence on their
acquaitntance with new taxa. With increasing age, the mnean
proportion of the children who becamiie fa'miliar with new
plant or animal taxa during the educational program
decreased (significant linear ef"ect of age in Table 4a; Fig-
ure 5). The amount of time that teachers spent on the edu-
'ationIal program had a strong positive influence on the chil-

dren's perception of new taxa (Table 4b). The more tine
that a class to)k for thle program, the more the children in
that class believed that they had become famniliar with plants
or animals they had niot n-oticed before.

Discussion

The main aim of NatuLre on the Way to S'hch'ol was to
inc'rease children's everyday-life perception of plants and
animals (SBN, 1995). As the restults of the present s'tudy

show, the program was successful. Young participants

increased the number of plant and animal taxa they noticed
in their local environment and also increased their ability to
distinguish plants and animals at the genus or species level.
Nevertheless, children in the untreated control group also
noticed more taxa in early summer (posttest) than in spring
(pretest), although the inicrease was much larger in the test
group than in the control group (2.6 and 0.8 taxa, respec-
tivelv). The c)ntrol group's increase in species perceptionl
might have resulted from a learning effec't induced by the
pretest questionnaire or because of the time of year; in early
summer, m6ore plants and animals are visible thanr in sprinlg.
Thus, the result demonstrates that-in pretest/posttest
desions-the researcher needs a control group to determinle
if the effects observeed result from treatment or other influ-
en ces during the study period. Other researchers have dis-
cussed the necessity '0 incfluding suitable control groups in
experimental studies on the effect of EE (Langeheine &
Lehmann, 1986; Leeming et al.. 1993).

From spring to early summer; the children noticed more
wildflowers and in vertebrates, in particular; which could be
related to changes in the abundance of these taxa with the
cha nging season. The observed effect of the season sugggests
that the time of the year during whic'h a studv on nature per-
ception is carried out may affect the results.

The inncrease (because of the program) in the number of
taxa that the children noticed may not seem very large.
After participating in the program, however, children
named more specific organiisms, They listed creneral taxo-
nomic units (i.e., trees, flowers, or birds) less often; instead,
they often listed specific genera and species. As intended,
participation in the program inc'reased the number of wild
plants and animals that the children noticed. Program par-
ticipants als.o became familiar with local wild plants and
animnals that were previously unknown to them. This
process of becoming acquainted with new species was niiost
prominent in young children.

I find these results pleasing because several studies hav'e
showt'i that childreIn's perception and knowledge of local
organisms is poor and that they are generally aware of only
a few species (e.g., Demuth, 1992' Hesse, 1983, 1984;
Trommer, 1980). This taxonomic illiteracy does not result
from a lac k of opportunity for children to see plants and ani-
mals in their immediate environment (Lindemann-Matthies,
1999); it reflects students' lack of classroorn training in tax-
onommny (Hershey. 1996; Pfligersdorffer, 1991). Without
training in school, children's perception of species will
reflect their preferences for particular plants and aninals
(Lindemrnan-Matthies, 1999) and will usually be restricted
to tnammals such as cats and dogs (Bell, 1981; Kellert,
1985,; Morris, I982) and garden plants witlh colorful or fra-
grant flowers (Mayer & H orn, 1993; Scherf, 1988). Chil-
dren are generally more interested in animals than plants
(Flanmery, 1991; Hershey, 1996; Lbwe, 1992) and, as a con-
sequtence, know less about plants and have more difficulties
in naming them than in namitng animals (Ry'man, 1974).

TABLE 5. Nested ANOVA of the Effects of the
Number of Lessons Spent on the Mean Proportion of
Children per Class Who Stated That They Had
Become Familiar With New Taxa of Plants or Animals
During the Educational Program

Source df Ms F

M age 6 5267.62 4.1
Lessons (log) 1 30445.18 2)366***
Age x lessons 6 1124.32 0.9
Class 126 1292<67 6.0***
Sex 1 1405.06 6.5*
Sex x lessons 1 0.36 < 0.1
Residual 1,16 216.19

Total 257

Note. The effects of age, numnber of lessons spent, and their inter-
actions were tested against the residual variation amnong classes;
all other effects were tested against the residual.
*p < .05. **p <.01. ***p <.001.
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Thus, the increase in participants' perception of both plant
and animal taxa is encouraging because it shows that-with
the help of stimulating educational programs-children can
become interested in plants (see Hershey, 1996).

The positive effects of the educational program increased
with the amouInt of time teachers spent oin the program.
When teachers reserved more time for the program, stu-
dents noticed a higher number of taxa from spring to early
summer; furthermore, more children became familiar with
new plants and animals. I find this result pleasing because it
shows that the teachers' efforts were rewarded. On average,
teachers spent 17 hours of lessons on Nature on the Way to
School, although the program was an educational supple-
ment and not part of the normal curriculum.

In comparison, primary school teachers in Germany
spend an average of eight lessons on environmental issues
during the school year (Bolscho, Eulefeld, Rost, & Seybold,
1990). The amount of time spent on Nature on the Way to
School indicates that it was interesting for both teachers and
students and diverse enough to occupy both for a long time.
However, teachers participating in the present study are
probably not representative of Swiss teac'hers in general. It
is likely that they are especially interested in nature educa-
tion because they voluntarily included the educational sup-
plement in their lessons. Thus, the participants in the pre-
sent study might represent a biased sample.

These participating teachers use nature education pro-
grams and, thus, comprise a representative sample for an
evaluation of the effect of such supplementar programs.
Teachers who feel a personal obligation to help solve envi-
ronmental problems more often engage their students in
local environmental activities (Bolscho et al., 1990) and
may promote environmental concern among their students
(Palmer & Suggate, 1996).

In the present study, program participation increased-to
a similar degree-the number of animals that students of
different ages noticed. The increase in plant perception, by
cointrast, was highest in 10-year-old children; therefore,
approaches to foster plant perception might be most effec-
tive with students of that age group. Studies in the field of
developmenital psychology have shown that humans
become open to ideas of adult society (i.e., social equality)
with the onset of adolescence (Piaget & Inhelder, 1983;
Schenk-Danziger, 1983). Lowe (1992) has suggested that,
as a consequence of this increased interest in social issues,
interest in plants and animals decreases. Because children
have less interest in plants than in animals (Flannery, 1991;
Hershey, 1996; Lowe, 1992), these developmental changes
might affect perception of plants more than that of animals
and, thus, may have influenced the program's outcome.

Several studies have indicated that girls are generally
more interested in biology (Lowe, 1992), have a higher
motivation to achieve in science (Simpson & Oliver, 1990)
and are more concerned about conservation than boys (Ash-
worth, Boyes, Paton, & Stanisstreet, 1995). In the present
study, the increase in species perception because of the

changing season was more pronounced for girls than for
boys; both girls and boys, however, benefited from the pro-
gram to a similar degree. Nevertheless, girls-mnore often
than boys--thought that they had become familiar with new
species during the program. These results suggest that girls
pay more attention to individual species than do boys. Sim-
ilarly, a British study showed that, although boys experi-
enced vegetation as intensely as girls and enjoyed it just as
much, they mainly used vegetation for play and adventure,
whereas girls were more interested in vegetation as food or
ornament (Harvey, 1993).

Conclusions

The results of the study are encouraging. Participation in
the educational program increased children's perception of
common local species and their ability to distinguish them.
The positive effect of the educational program increased
with the number of lessons spent, indicating that teachers
increased efforts were rewarded. However, the children in
the untreated control group also increased their perception
of taxa, although to a lesser degree. This result illustrates
the need for more rigorous designs in educational studies, in
particular the need to include meaningful control grouips.
Moreover, the time of the year may affect the outcome of
studies on nature education.

Because the programi was flexible, teachers could choose
and modify the number and length of activities and use the
most promising approaches in their classes. Hence, there
was considerable variation in program implementation; it
is, therefore, impossible to attribute the observed positive
effects on species perception to specific activities. Future
researchers should compare the effectiveness of different
types of intervention on species perception by placing
stricter controls on teachers' activities. However, large vari
ation in the implementation of programs is normal in most
schools; studies (like the present one) may provide a more
realistic assessment of the impact of enivironmental educa-
tion supplements. Evaluations that impose strict controls on
teachers' behavior may produce a biased estimate of the
potential of such programs (Armnstrong & Impara, 1991).

Another constraint of this study is that the participating
teachers may have been particularly interested in nature edu-
cation and may not have been representative of all Swiss
teachers. Whenever possible, study classes should be ran-
domly selected. However, the participating teachers may
well have been representative of teachers willing to use vol-
untary educational supplements on nature education. In con-
clusion, eduucational programs such as the present one may
lead to a better understanding of biodiversity and might rep-
resent a small but important contribution to its preservation.
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