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Abstract This study investigates the influence of hands-on activities on students’ interest.
We researched whether students with experience in specific hands-on activities show higher
interest in these activities than students without experience. Furthermore, the relationship
between the quality of the hands-on experience and interest in the respective activity was
examined. In total, 28 typical hands-on activities of biology education were considered. The
activities were divided into the categories experimentation, dissection, work with microscopes, and classification. A total of 141 students from the 11th grade completed
questionnaires on interest in the hands-on activities, their experience with each activity, and
the quality of the respective experience. Students’ interest in experimenting, working with
microscopes, dissecting and classifying tends to benefit from performing hands-on activities.
However, findings indicated that the performance of various hands-on activities can influence
students’ interest differently. For seven hands-on activities, we identified a positive effect of
hands-on experience on interest, while in one case, practical work appeared to have
influenced students’ interest negatively. However, for most hands-on activities, no effect of
experience on interest was found. The quality of hands-on experiences showed positive
correlations with interest in the respective hands-on activities. Therefore, this paper argues in
favour of designing biology lessons that allow for experiences with hands-on activities that
also interest students. Our findings underline the necessity of investigating the effects of
various hands-on activities in a differentiated manner.
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Introduction
In many Western developed countries, a decline in students’ interest in science and in the
recruitment of students to science studies has been noticed (EU 2004). This decline in
interest applies not only for ‘hard’ science subjects, such as physics and chemistry;
students’ interest in biology also tends to decrease from primary to secondary school (Löwe
1992). The perceived lack of relevance of the science curriculum is seen as one reason for
adolescents’ low interest and their lack of motivation to pursue science in higher education
(Sjøberg and Schreiner 2005). Furthermore, being a scientist may have become a less
attractive career aspiration for young people in modern societies (Sjøberg and Schreiner
2005). In order to counteract the existing decline in interest and to motivate adolescents to
pursue science in higher education, it is important to investigate situational factors that
might spark or hold students’ interest in science topics as well as their interest in working
scientifically. The current investigation aims to contribute to this important issue by
comparing the effects of various hands-on activities on students’ interest. In particular, two
research questions are addressed in this paper. The first addresses whether performing
hands-on activities in biology classes can influence students’ interest in these activities,
while the second focuses on the relationship between the quality of hands-on experiences
and interest in the respective activities.
In general, conducting hands-on activities in biology classes; for example, in field or
laboratory settings, is widely recommended by educational authorities like the National
Association of Biology Teachers (NABT 2005). Hofstein and Lunetta (2003) claimed that
there was a failure in science education to examine the effects of various school science
experiences on students’ attitudes. They argued that investigating the influence of
experience on adolescents’ attitudes would be important for science education, since
experiences that promote positive attitudes could have very beneficial effects on students’
interest and their learning. However, what do we know nowadays about interest and in
particular about the influence of hands-on activities on students’ interest?
Interest is often defined as a content-specific person-object relationship that emerges
from an individual’s interaction with the environment (Krapp 2005; Schiefele 1991).
Interest is an important variable in the school context, as it can influence students’ levels of
learning, their academic performance and the quality of their learning experience (cf. Hidi
and Renninger 2006; Schiefele 1991; Schiefele et al. 1993). Practical work, or so-called
hands-on experience, is one situational factor that is often assumed to evoke students’
interest and to motivate them to learn science (Bergin 1999).
Hands-on in general means learning by experience. Students handle scientific
instruments and manipulate the objects they are studying (Rutherford 1993). It is assumed
that working in a hands-on way provides a more realistic and exciting experience of the
content (Franklin and Peat 2005; Nott and Wellington 1996). Most empirical studies
provide evidence for the assumption that conducting hands-on activities leads to positive
motivational outcomes. For instance, Middleton (1995) asked teachers and students to
distinguish what they believe makes mathematics classes motivating. Both groups referred,
besides other factors, to hands-on aspects as facilitating motivation. Similar results have
been found for biology classes. Vogt et al. (1999) investigated how interesting specific
phases of the biology lesson were perceived to be by students. Phases that contained topics
of relevance for students or practical work, for instance conducting experiments or working
with microscopes, were rated as highly positive. Similarly, Renner et al. (1985) interviewed
students about their feelings regarding learning activities like laboratory work. They
identified laboratory work as being ‘interesting’ as compared to other more ‘boring’
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instructional formats like watching films or listening to the teacher. Thompson and Soyibo
(2002) presented students with two different conditions within their chemistry classes. The
experimental group was taught electrolysis for nine lessons by a mixture of lecture, teacher
demonstration, class discussion and practical work in small groups. In the control group,
the practical work was substituted by teacher demonstrations. After the treatment, the
experimental group showed more positive attitudes towards chemistry, measured by
indicators such as enjoyment of chemistry and interest in chemistry inquiry, than the control
group. Ato and Wilkinson (1986) compared students from schools with a high level of
science equipment usage to those from schools with low science equipment usage. The
former group showed higher leisure interest in science as well as more positive attitudes
towards scientific inquiry and towards scientists. No difference was found between the two
groups regarding their enjoyment of science and science lessons, their attitudes towards
science practical work and their career interest in science. However, there is also evidence
that adolescents may be over-challenged when autonomous problem-solving is required
during hands-on activities. Especially students who are not used to open laboratory work
were found to be low in confidence regarding aspects of practical work that require analysis
and critical thinking (cf. Haigh 1993).
What appear to be still lacking in science education are studies investigating the effects of
various school science experiences on students’ attitudes. The current investigation
contributes to this issue by examining how specific hands-on experiences influence students’
interest in these activities. Since most empirical studies indicate that practical work is
beneficial for students’ motivation, we hypothesised that in general, students with experience
in hands-on activities will show higher interest in these activities than students without
experience. However, most of the previous studies focused on practical work in general and
did not look for differences between particular hands-on activities. This constitutes a
shortcoming in research, since there is a large amount of diversity in hands-on activities.
Different activities make various demands on students. For instance, practical work can differ
with regard to the level or type of inquiry involved and students’ involvement in planning the
activity (cf. Lumpe and Oliver 1991). Hands-on activities can also vary in terms of time
allowed for them, teachers’ organisational skills, or the social and emotional climate of the
class (Gardner and Gauld 1990). In order to give consideration to the diversity of hands-on
activities, we specifically looked at individual hands-on activities in order to detect possible
differences between them. A particular focus was placed on four categories of hands-on
activities that are typically conducted in biology lessons, namely experimenting, conducting
dissections, working with microscopes, and classifying creatures.
Our second research question focused on the relationship between the quality of students’
hands-on experience and their reported interest in the activity. Gardner and Gauld (1990) argue
that doing practical work does not, in itself, foster scientific attitudes. Rather, the quality of
students’ experiences during practical work is decisive (Gardner and Gauld 1990). The
quality of experience is assumed to be a subjective experience of constitutional and
environmental characteristics in terms of dimensions such as affect, activation, cognitive
efficiency and motivation (Moneta and Csikszentmihalyi 1996; Schiefele 1991). The quality
of experience during task completion is an important factor for the development of students’
intrinsic motivation (Krapp 2005). Interest development will occur if a person experiences his
or her actual engagement on the basis of cognitive-rational and emotional evaluations in a
positive way (Krapp 2005). Therefore, interest will be strengthened when a person
experiences a learning activity as enjoyable, pleasant, stimulating and important. On the
other hand, repeated negative experience might also influence individual interests; for
instance when students feel sad, passive or lonely or even fail a task (Schiefele 1991; Todt
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1995). Underlining this assumption, empirical studies found negative correlations between
negative emotions (e.g. hopelessness) and study interest, while positive emotions such as
enjoyment correlated positively with students’ interest and intrinsic motivation (Pekrun et al.
2002; Schiefele 1991). In line with these empirical findings and the theoretical assumptions,
we expected interest in the activity to be higher the more positively the hands-on activity was
perceived by students. Again, we specifically looked at individual hands-on activities from
the four categories in order to detect possible differences between them.

Method
Participants and Procedure
The sample of this cross-sectional study consisted of 141 grammar school students of the 11th
grade (Mage =16.4, SD=0.57; 48% male). Participants were recruited from 14 classes of five
grammar schools in the North of Germany. Within their regular biology education classes,
half of the students in each class were selected randomly and completed a questionnaire on
their interest in various hands-on activities, their experience with each hands-on activity and
the quality of the respective experience. At the same time, the remaining adolescents filled out
another questionnaire for research purposes, which was of no relevance for the current study.
Instruments
Since an object of interest can be defined by the content and the activities involved
(cf. Gardner 1985; Hoffmann 2002), we conceptualised interest in a two-dimensional way:
Following Hoffmann (2002), hands-on activities were systematically combined with
academically relevant domains. Typical domains of secondary school biology education
were included, namely cytology, botany, zoology, human biology and ecology. Within these
domains, we focused on categories of hands-on activities which are typically conducted in
biology education classes, namely experimenting, dissecting, working with microscopes
and classifying creatures. However, for some combinations of domain and category it was
not possible to create a reasonable item, for instance for the domain ‘human biology’ with
the category ‘classifying’. ‘To carry out experiments with plants (e.g. on factors affecting
germination and growth...’ was a typical item that belonged to the domain ‘botany’ and the
category ‘conducting experiments’. For each of these examples of biology practice,
students rated their interest, their experience and the quality of their experience: Participants
estimated on a four-point Likert scale whether the particular activity was interesting for
them (‘...is interesting for me’; 0 = disagree, 1 = partially agree, 2 = mostly agree, 3 =
agree). In addition, they marked for every item their experience with the particular activity
(‘I have never done ...’; 0 = agreement, 1 = disagreement). Finally, only those students with
experience in a specific hands-on activity were asked to rate the quality of their experience
with the respective hands-on activity on a four-point Likert scale (‘I have already done .... I
experienced it as’; 0 = very negative, 1 = negative, 2 = positive, 3 = very positive).
Originally, 47 hands-on activities were developed following the above-described procedure
of combining domains with categories of hands-on activities. Since test statistics are more
robust if samples of a similar size are compared, and as our intention was to analyse
‘typical’ hands-on activities of biology education, only those activities were considered for
analyses with which more than 25% and less than 75% of the adolescents had indicated
having experience. However, none of the activities investigated had been experienced by
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more than 75% of the students. Our final 28 examples of biology practices were allocated to
the categories experimenting (nine items), dissecting (3), working with microscopes (8) and
classifying creatures (8).
Data Analysis
To investigate whether performing a hands-on activity had influenced students’ interest in this
activity, we compared the degree of interest between students with experience in a specific
activity and students without such experience by means of t-tests. If a t-test shows a
significantly higher interest for students with experience in a specific hands-on activity, this
may indicate that the experience of hands-on activities has positively influenced their interest.
However, an influence of interest on experience would be equally consistent with this finding.
For example, students who are interested in an activity might be more likely to seek out
situations in which they have the opportunity to perform that activity. For the school context,
this interpretation can be mostly ruled out. Interests of individual students do not usually
influence whether and which hands-on activities are performed at school. Both interested and
less interested students carry out the same hands-on activities. Therefore, we assumed a
unidirectional influence of experience in a specific activity on interest in the respective activity.
However, differences in interest between students with and without experiences could
alternatively be based on other ‘common’ factors: For instance, a dedicated teacher may provide
students with both higher degrees of interest and more occasions to perform activities. Since
common factors should rather exert their impact on interest in a broader range of hands-on
activities, we controlled for such factors by conducting an analysis of covariance (ANCOVA)
considering the overall interest score (= mean of all interest ratings of a subject) as a covariate.
To investigate the relationship between quality of experience and interest, bivariate
correlations were calculated between the reported quality of a specific hands-on experience
and students’ interest in this activity.

Results
The four tables provided in the appendix show the findings on the item level differentiated
for the categories experimentation (Table 2), dissection (Table 3), microscopy (Table 4) and
classification (Table 5). Each table contains data about how many students indicated
experience with a specific hands-on activity and about the level of mean interest in this
activity for students with and without experience, respectively. In addition, the results of
t-tests, ANCOVAs and correlation analyses are provided for every item.
Relationship Between Experience and Interest
Experimentation T-tests indicated a positive influence of experience on interest for two of nine
items on experimentation (see Table 2 in the appendix). Students who had carried out
experiments on detection of photosynthesis products and on osmotic reactions indicated more
interest in these activities compared to students without experience. The results of the
covariance analysis supported the notion of a direct influence of experience on interest in
these contexts. However, the mean effect size of all nine items on experimentation
(cf. Table 1) indicated that students’ interest in experimentation did not considerably increase
through hands-on activities in general (cf. Cohen 1992). The standard deviation of the effect
size pointed to large differences between the effects of individual activities on interest.
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Dissection The results of the t-tests regarding dissections revealed a significant difference in
interest between students with and without experience for one of three activities. Adolescents
who had already dissected pig organs (see Table 3) showed higher interest in this activity
compared to adolescents without experience. Again, the results of the covariance analysis
supported the results of the t-tests. The mean effect size of the three items (cf. Table 1) indicated
a small effect between experience in dissecting and interest in dissecting (Cohen 1992).
Microscopy With regard to microscopy, t-tests showed significant differences for three of
eight items (see Table 4). Students who had looked at cross sections of leaves and single
parts of plants, e.g. stomata, reported higher interest in these activities than students who
had not done this before. In addition, students who had analysed oral mucosa cells under
the microscope showed less interest in this activity compared to those without experience.
Covariance analysis confirmed the relationship between experience and interest for the
items on mucous membrane and cross sections. However, when the covariate was
considered for the item on stomata, the significant difference in interest between students
with and without experience disappeared. In this case, differences in interest between the
groups with and without experience could not be interpreted in terms of influences of
particular experience on interest. A mean effect size of d=.09 (cf. Table 1) indicated that
there was no general effect of experience with microscopes on interest in examining
something under the microscope (Cohen 1992). The standard deviation suggested huge
differences between the effects of individual activities on interest.
Classification T-tests indicated a positive influence of experience on students’ interest for
two of eight items on classification. Students who had experience with classifying
butterflies and had developed classification keys for plants reported higher interest in these
activities (see Table 5). The covariance analysis confirmed these results for both items. The
mean effect size for all items of this category (cf. Table 1) indicated a small effect (Cohen
1992). Regarding the activities given in our questionnaire, there was a general tendency for
experience with classification to influence students’ interest in classification positively.
In sum, the positive influence of hands-on activities on students’ interest cannot be
generalised to every activity. However, Fig. 1 shows the mean interest in experimenting,
dissecting, working with microscopes and classifying for students with and without
experience in comparison. Students’ interest in these categories of hands-on activities seems
to benefit from performing hands-on activities.
Relationship Between Quality of Hands-on Experience and Interest
The findings concerning the relationship between the perceived quality of hands-on
experience and interest are presented in Tables 2, 3, 4 and 5. For the items on
Table 1 Mean effect size and standard deviation with regard to the influence of experience on interest for
experimentation, dissection, microscopy and classification
Category

d

SDd

Experimentation (nine items)

.16

.28

Dissection (3)

.24

.21

Microscopy (8)

.09

.33

Classification (8)

.21

.26
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3
Students with experience

Students without experience

Mean interest +- 2SE

2.5

2

1.5

1

0.5

0
Experimenting

Dissecting

Working with
microscopes

Classifying

Fig. 1 Mean interest in experimenting, dissecting, working with microscopes and classifying for students
with and without experience

experimentation, the correlation coefficients between the quality of experience and the
reported interest ranged from r=.44 to r=.84 (p<.01). Regarding the items on dissection,
the coefficients lay between r=.61 and r=.88 (p<.01). Similarly, the correlation coefficients
for the items on examining something under the microscope ranged between r=.53 and
r=.79. All correlations for this hands-on activity appeared to be significant (p<.01).
Correlation analysis between the quality of experience and interest relating to classifying
creatures showed values between r=.56 to r=.72 (p<.01). In sum, the more positively
adolescents had experienced experimenting, conducting dissections, working with microscopes and classifying creatures, the more interest they reported in these activities.
Discussion and Implications
This study was designed to investigate whether experience with hands-on activities can
influence students’ interest in these activities. To explore possible differences between
particular hands-on activities, we used concrete examples of biology practices. In general,
we had hypothesised that students with hands-on experience were likely to report higher
interest in the respective activity than students without experience. In line with our
expectation, for seven specific hands-on activities we found a positive influence of
experience on students’ interest in the respective activity. However, our findings appeared
to be more ambiguous than expected. In most cases (for 20 items), we did not detect any
significant differences in interest between adolescents with experience and those without. In
one case, we even found a negative effect of practical work on students’ interest. Therefore,
our findings underline the importance of looking more closely at the diversity of
experiments, dissections, microscopies and classifications. For instance, experimentation
did not in general promote students’ interest, but it seems that there are certain experiments
that have the potential to do so. Although the positive influence of hands-on activities on
students’ interest cannot be generalised to every activity, our findings indicate that interest
in a hands-on activity seems to benefit from performing the activity in a considerable
number of cases (cf. Fig. 1). Moreover, the mean effect sizes of the four categories all
appeared to be positive, even though they showed at most a small effect of hands-on
experience on students’ interest according to Cohen’s (1992) classification (dexperiment =.16;
ddissect =.24; dmicroscopy =.09; dclassify =.21). While mean effect sizes of the categories showed
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a relatively small range (see above), the differences in effect sizes of particular activities
within each category appeared to be of importance (dexperiment: −.23–.67; ddissect: .08–.47;
dmicroscopy: −.34–.54; dclassify: −.01–.70).
However, what do those activities that influenced students’ interest positively have in
common? It is striking that many of those activities that promoted interest dealt with plants;
for instance developing a classification key for plants, detecting starch in leaves or looking
at stomata under the microscope. Since it is known that students of the age range under
study are less interested in plants than in, for instance, human biology (e.g. Holstermann
and Bögeholz 2007), this finding seems surprising at first glance. However, looking at the
level of interest of students without experience, we see that inexperienced adolescents
indeed show less interest for activities dealing with plants; for example, looking at stomata
under the microscope, than for activities dealing with human beings; for example, using the
microscope to look at mucous membrane of the mouth. By contrast, students with
experience estimated the microscopy of both objects to be of similar interest for them. The
differing level of knowledge might be a possible explanation of this finding.
Inexperienced students do not really know the activity and can therefore only estimate
how interesting this activity or topic is for them. On the other hand, experienced
students can make an informed judgement about their interests, since they know that
both activities are alike. Additionally, it might be easier to raise students’ level of
interest if they are less interested in a particular hands-on activity before conducting it
than if they are already highly interested in the activity.
Our second research question dealt with the relationship between the quality of
experience and interest in the respective activity. Findings from the correlation analysis
between the quality of hands-on experience and interest showed that for each hands-on
activity, students’ level of interest was higher the more positively the hands-on activity
had been perceived. These findings support the theoretical position that the quality of
experiences is essential for interest development (cf. Todt 1995). However, what factors
lead hands-on activities to be perceived as positive or negative? This question can be
answered by analysing the intrinsic quality of a specific hands-on activity. The extended
model of learning motivation provides a theoretical framework by distinguishing
consequence-related incentives and activity-specific incentives. While consequencerelated incentives refer to future events that are expected to happen when the action is
finished successfully, activity-specific incentives refer to the (emotional) experiences
while performing an activity regardless of its consequences (cf. Rheinberg et al. 2000).
Activity-specific incentives are assumed to influence the quality and the level of learning
motivation. They are inherent to an activity and lead this activity to be perceived
positively or negatively by a person (Rheinberg et al. 2000). Therefore, the concept of
activity-specific incentives can be used to explain the intrinsic quality of a particular
hands-on activity. As an example, in a follow-up study, we investigated the activityspecific incentives of dissecting pig organs, since our findings had indicated a high
potential of this activity to spark students’ interest. A total of 122 university and
secondary school students (Mage =20.6, SD=4.1; 27% male) completed an open-ended
questionnaire about the activity-specific incentives of dissecting. After participants had
completed the dissection of a pig’s heart or lung, they were asked what they had liked in
particular about dissecting and what they had not liked about the activity. Since multiple
incentives could be specified by each participant, a total of 473 statements was obtained,
with 316 positive and 157 negative activity-specific incentives. Two researchers
categorised students’ statements independently from each other, and subsequently revised
the category system together until they reached a consensus. For instance, students
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reported that they liked hands-on aspects of dissecting like touching (n=151) or cutting (n=32).
However, they also reported minds-on aspects of dissections. For instance, they liked to
recognise structures (n=12), to learn something (n=14) and to understand the underlying
mechanisms (n=11) while working on the organ. Considering such activity-specific
incentives of hands-on activities, teachers might be able to design practical biology lessons
that spark students’ interest in hands-on activities. For dissections, this could mean that at
least every student should have the chance—if he or she wishes—to touch the object and cut
with a scalpel by him or herself. Additionally, it seems to be beneficial for students’
motivation during dissection to combine hands-on aspects with minds-on aspects.
In conclusion, our findings suggest that—although there are differences—many hands-on
activities offer the potential to positively influence students’ interests in the activities. As we
examined concrete examples of biology practices, teachers can derive detailed information from
our study regarding how particular activities on average affect students’ interest. By providing
the opportunity to conduct a particular hands-on activity, teachers may influence students’
interests in the activity positively (cf. Bergin 1999). Findings from our study can also inform
discussions on how science curricula might integrate hands-on activities in order to meet the
interests of learners. In particular, those hands-on activities that were identified as significantly
raising students’ interest should be considered in biology classes. By contrast, a decrease in
interest through experience does not imply, for instance, that using the microscope to look at
mucous membrane should no longer be applied in schools. Rather, it would be important to
evaluate ways in which the microscopy of mucous membrane might be made an interesting
activity that is positively experienced by the students. For instance, feelings of rejection or
disgust with regard to mucous membrane might work as intrapersonal barriers for students’
interest development (cf. Bixler and Floyd 1999). By creating a scientific atmosphere and
allowing representative prior experiences, a reduction in negative feelings may be reached even
before conducting the activity itself (cf. Gropengiesser and Gropengiesser 1985). However,
promoting interest cannot constitute the only reason why students should perform hands-on
activities. Examining the mucous membrane under the microscope also leads to a more realistic
view of the mucous membrane and helps students to imagine what human cells look like.
By considering the positive mean effect sizes of the four hands-on categories, a small but
positive influence of experience in dissecting and classifying on students’ interest in these
categories may be assumed. Since our findings point to the crucial role of the quality of
experience, teachers should create biology lessons that allow experiences with hands-on
activities which are experienced positively by the students. The investigation of activityspecific incentives gives an indication of relevant factors. In general, educators should
provide an adequate level of difficulty to challenge students without overburdening them
(cf. Haigh 1993). The high relevance of working scientifically ought to be illustrated to
adolescents by conducting hands-on activities by themselves (cf. Sjøberg and Schreiner
2005). The use of particular hands-on activities to attract students’ interest in practical work
might be a first step to counteract the decline of students’ interest in biology and to
motivate adolescents to pursue biology in higher education (cf. EU 2004; Löwe 1992).
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Number of students who reported an activity-specific incentive of the respective category.

1.45(0.99)

2.42(0.82)

1.45(1.09)

1.41(1.00)

0.90(0.95)

2.07(0.83)

1.47(1.05)

2.15(0.89)

1.89(0.93)

0.16

−1.30

.16 0.07

.04 0.06

.31 1.91

Cohen’s d: Difference between means divided by pooled standard deviation

F

.65

.01

.88

.02 0.00

.20 −.23 2.45

.67 8.78**

.08 0.53

.43 6.65*

.47

.01

.24

.81

.81

.17

.97

.12

<.01

p

.84**

.61**

.65**

.56**

.47**

.47**

.63**

.56**

.44**

r

Correlation between quality
Comparison
with ANCOVAa of experience and interest

.60 −.09 1.40

.36

.82

.07

3.93** <.01

0.46

2.48**

−0.53

0.91

0.23

1.84

db

Comparison of interest level between students with and without experience when considering overall interest as a covariate

**p≤.01; *p≤.05

b

a

38/102

9. To carry out experiments on plant development at
different locations

1.47(0.83)

2.21(1.00)

42/99

6. To determine the pH value (e.g. of different soils)

1.28(0.79)

8. To carry out experiments on the functions of the
human brain (e.g. studying and remembering)

54/87

5. To detect starch as an indicator of photosynthetic
activity inleaves exposed or unexposed to light

2.00(0.78)

1.49(0.92)

57/82

4. To carry out experiments onsound localization
in humans

1.62(0.78)

2.09(0.80)

65/76

3. To carry out experiments with plants (e.g. on
factors affecting germination and growth)

2.18(0.70)

50/90

74/67

2. To carry out an experiment on the areas of taste
buds on the tongue

2.15(0.74)

p

Comparison
with t-test

Students with Students without t
experience
experience

7. To find out how adding salt water or distilled water 47/94
affects cells

79/61

Yes/No

Experience Mean Interest
(Standard Deviation)

1. To examine in an experiment how strenuous
exercise affects pulse and breathing

Item

Table 2 Items on experimenting: experience, mean interest for students with and without experience (incl. findings of t-test and covariance analysis) and correlation between
quality of experience and interest
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Cohen’s d: Difference between means divided by pooled standard deviation
**p≤.01; *p≤.05

b

1.56(1.29)
1.13(0.91)

.67 .08 0.02

F

0.88

.38 .15 0.22

.89

.64

<.01

p

.61**

.88**

.62**

r

Correlation between quality
Comparison
with ANCOVAa of experience and interest

2.77** <.01 .47 7.02**

0.43

db

Comparison of interest level between students with and without experience when considering overall interest as a covariate

3. To prepare a specimen slide of a cross section of a leaf 65/72

a

2.12(1.07)
1.27(0.93)

67/71

2. Dissecting organs of a pig (e.g. lung, brain)

1.51(0.94)

p

Comparison
with t-test

Students with Students without t
experience
experience
1.59(0.97)

Yes/No

Experience Mean interest
(Standard Deviation)

1. To prepare a specimen slide (e.g. of onion cells, animal 94/46
fat cell)

Item

Table 3 Items on dissecting: experience, mean interest for students with and without experience (incl. findings of t-test and covariance analysis) and correlation between quality
of experience and interest
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1.40(0.94)
1.30(0.94)

73/66
68/71

3. To look at cross sections of leaves under the
microscope
4. To look at single parts of a plant (e.g. stomata)

1.57(1.00)
1.32(0.96)

7. To look at the flow of the cell plasma in plant cells 54/86
under the microscope

8. To look at the cell division under the microscope
(e.g. of plants, unicellular organisms)

1.64(1.08)

1.37(1.03)

1.62(1.01)

1.51(1.03)

0.97(0.96)

0.91(0.87)

1.67(1.09)

1.42(0.95)

−1.64

1.14

−0.98

1.08

2.03*

.30 1.55

F

.18 0.70

.35 1.85

.20 0.25
.10 −.31 7.75

.26

.33 −.18 2.82

.28

.05

.54 8.66**

.03

.22

<.01

.62

.10

.40

.18

<.01

p

.53**

.78**

.79**

.69**

.71**

.59**

.62**

.72**

r

Comparison with Correlation between quality
of experience and interest
ANCOVAa

.05 −.34 4.68*

.09

3.17** <.01

−2.00*

1.69

db

Comparison of interest level between students with and without experience when considering overall interest as a covariate
Cohen’s d: Difference between means divided by pooled standard deviation

**p≤.01; *p≤.05

b

a

1.44(1.04)

54/86

6. To observe the influence of light and temperature
on unicellular organisms under the microscope
(e.g. paramecium)

38/101

1.69(0.98)

65/74

5. To search for unicellular organisms under the
microscope (e.g. amoeba)

1.31(1.00)

84/56

2. To examine the cells of the mucous membrane in
the mouth under the microscope

1.70(0.91)

p

Comparison
with t-test

Students with Students without t
experience
experience

90/51

Yes/No

Experience Mean interest
(Standard Deviation)

1. To examine cells under the microscope (e.g. of
waterweed, liver cells of a pig)

Item

Table 4 Items on working with microscopes: experience, mean interest for students with and without experience (incl. findings of t-test and covariance analysis) and correlation
between quality of experience and interest
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0.82(0.73)

38/101

37/101

36/104

5. To find out the names of local butterflies with
the help of a book
6. To classify lichen and moss

7. To classify mushrooms with the help of photos

8. To develop a classification keyto classify the
species and families of plants (e.g. rose family)

0.91(0.95)

1.03(1.02)

0.77(0.86)

0.86(0.95)

0.95(0.88)

1.27(1.02)

0.79(0.89)

1.02(0.92)

.19

.75

.36

.96

3.64**

<.01

.76
.99

0.31

<.01

p

−0.01

2.67**

1.31

0.32

0.92

−0.05

t

Comparison
witht-test

.70

<.01

.06

.51

.24

.05

.16

−.01

db

Comparison of interest level between students with and without experience when considering overall interest as a covariate

1.58(0.97)

1.03(1.01)

1.17(0.96)

Cohen’s d: Difference between means divided by pooled standard deviation
**p≤.01, *p≤.05

b

a

1.33(0.90)

42/96

39/100

4. To classify plant communities (e.g. on a lake)

0.93(0.82)
1.32(0.88)

67/72

56/82

3. To classify local species of birds

1.01(1.03)

87/49

Students with
experience

Yes/No

Students without
experience

Mean interest
(Standard Deviation)

Experience

1. To classify trees and shrubs (e.g. in the
surrounding area)
2. To assign flowers to their families

Item

9.42**

0.03

0.12

5.38*

0.42

0.10

0.35

0.37

F

.86

.73

.02

.52

.75

.55

.54

<.01

p

Comparison with
ANCOVAa

.65**

.65**

.62**

.63**

.72**

.56**

.56**

.71**

r

Correlation between quality
of experience and interest

Table 5 Items on classifying: experience, mean interest for students with and without experience (incl. findings of t-test and covariance analysis) and correlation between quality
of experience and interest
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