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Affective and cognitive outcomes of science teaching in schools may be enhanced by science
outreach labs (SOLs). Particularly interesting is whether and how to connect SOL visits to in-school
science learning. Recent studies—among others, in this journal—have confirmed SOLs’ positive
affective effects. However, research remains inconclusive regarding cognitive outcomes, the effects of
connecting SOLs to classroom teaching, and effects beyond the short term. This study more closely
investigates the short- and medium-term effectiveness of SOLs on affective (interest, self-concept) and
cognitive variables (conceptual and procedural knowledge), as well as the effects of integrating lab work
with school-based preparation and post-lab activities. A quasi-experimental intervention study via a
repeated measures design and two SOL treatment groups (TG1/2: with and without integration), and an
in-school control group (CG; also with integration of pre- and postlab activities, in accordance with
good practice) was undertaken. It took place in a lab work unit on “pressure and buoyancy” for the lower
secondary level, with identical instruction and the same instructor across groups, and with several
further control measures. The main findings are as follows: (i) SOLs can have substantial learning and
affective outcomes [pre-post learning gains: Cohen’s d > 1; increases in interest (d > 0.8) and self-
concept (d ≈ 0.5) immediately after the visit]. (ii) Learning gains were still present at medium term
(d > 0.7) but not affective ones. (iii) Integration with classroom teaching was necessary for learning
(TG1 vs TG2: d ¼ 0.72), and not harmful for interest. (iv) Learning and affective outcomes of an
integrated SOL are as good as those of a well-prepared classroom setting, but not better. (v) No
interactions of the outcome variables with gender and other covariates were found; the lab work units
appeared suitable for both sexes and different kinds of learners. These findings are discussed with
respect to current theories of learning and interest development, and SOLs’ added value to science
education.

DOI: 10.1103/PhysRevPhysEducRes.18.020144

I. INTRODUCTION: FROM ENJOYMENT TO
LEARNING?

An enjoyable and successful visit experience is an
important outcome because it can predispose the
learner to engage in further cognitive learning [1].

Over the last decades, out-of-school learning opportu-
nities (OSLO1) offered by science centers, science muse-
ums, and various research institutions have experienced a
very strong development and are increasingly recognized as
an integral part of science, technology, engineering, math-
ematics (STEM) education throughout the world [2–5].
Friedman [6] described the evolution of science centers and
museums toward the hands-on, interactive format they
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1We use the term “out-of-school learning” and not “informal
learning,” because these learning opportunities can be closely
connected to formal learning in school; in fact, such a connection
appears as an essential success factor for OSLOs (Sec. II. B) and
is the research focus of several recent studies, including the
present one.
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provide nowadays in most cases, and which is considered
particularly promising for audiences of high school learn-
ers [7,8].
A specific form of these opportunities, provided by a

wide range of host institutions from science departments of
universities to science centers, and in various formats
(permanent, temporary, mobile, etc.) are “science outreach
labs” (SOL) [9]. They are based on experimental hands-on
activities and active lab work by the participants, most often
within workshops lasting a few hours to a full day [10–14]
and sometimes connected to other educational offers
(lectures, lab visits, etc.; del Barco [15]; APS [16]).
A main purpose of these initiatives is to promote positive

affective and attitudinal effects, such as an enjoyable
science experience, curiosity, interest, and openness for
specific topics, or science in general [7,8]. Affective and
attitudinal aspects are also considered as an important
component of scientific literacy (attitudes of future citizens,
interest in learning about science, etc. [17]). Recently, the
role of out-of-school physics experiences to foster partici-
pation and the development of a “physics identity” of
underrepresented groups in society was highlighted
[18,19]. An enjoyable science experience can provide a
starting point for further learning (see the quote by Rennie
[1] at the beginning of this section). Enjoyment is also an
essential factor of an out-of-school learning offer from the
point of view of teachers. In a series of studies with
hundreds of teachers over several years, enjoyment was
constantly indicated by roughly 80%–90% of them as one
of the major benefits for pupils [20].
However, a major challenge for out-of-school learning

opportunities is providing evidence that they have positive
effects (i) on the affective and cognitive level and
(ii) beyond the short term. For instance, concerning field
trips, Rop [21] stated “that there is a great need for studies
that concentrate on cognitive learning outcomes.” More
recently, De Witt and Storcksdieck [22], in a review on
excursions (in the sense of school trips in general),
concluded “that major and measurable cognitive gains tied
to scientific concepts are difficult to achieve during the
short time span of most excursions.” As for long-term
effects, Falk and Heimlich [23] stated that most research
“has been focused on the short-lived motivations engen-
dered by the learning environment.”
Of particular interest is the question of whether and how

out-of-school learning places should be connected to
formal science learning taking place in schools [8,24].
Indeed, in view of around 15000 hours a student has spent
at school by the completion of secondary school [25], it is
not obvious how a disconnected intervention of a few hours
spent in an OSLO, that is, of the order ∼10−4 in duration,
should have a major impact on motivation or attitudes.
Moreover, there is solid research evidence that both
motivation and learning need time and consistent,

connected experiences to develop [26,27], see Sec. II. B
for further development of this. The purpose of the present
work is to contribute to the understanding of the effects and
the effectiveness of out-of-school science learning offered
by the investigation of a specific setting of an SOL
connected to regular classroom teaching at school, using
measures for both affective and cognitive outcomes, and
following their development beyond the short term.

II. RESEARCH BACKGROUND

A. Out-of-school science learning: Affective and
cognitive effects

1. General rationale and affective outcomes

On a more general level, OSLOs can help to foster
ongoing, lifelong attitudes and learning processes in the
sense of scientific competence [28,29], especially when
coordinated with in-school (formal) learning [8,24,30].
Braund and Reiss [7] discussed the following ways in
which out-of-classroom contexts can foster science learn-
ing (their formulations are given in italics):
“Extended and authentic practical work” and “Access

to rare material”: Most science out-of-school learning
opportunities provide learning experiences strongly based
on practical and experimental activities, known to be a
good way to foster interest and achievement in science [31].
Often, this is referred to as a “hands-on” character of
OSLOs [24,32], recently reviewed for its research back-
ground in detail by Besse et al. [33]. Braund and Reiss [7]
also mentioned “access to big science”, an aspect provided,
for example, by the SOLs at CERN [11], the Paul-Scherrer-
Institute [34], or Fermilab [13].
“Attitudes to school science, stimulating further learn-

ing”: This is consistent with the research cited in Sec. I and
one of the positive OSLO effects most consistently stated in
the field (see also the quote by Rennie [1] at the beginning
of Secs. I and II. B. 4).
“Improved development and integration of concepts”:

This represents an important aspect for the present study to
which we will return below (Sec. II. B. 2).
“Collaborative work”: In many cases, “collaborative

work” is part of the learning setting at SOLs, in accord
with existing evidence for regular science classrooms
(d ¼ 0.95 for science learning with vs without cooperation
for primary and secondary school level [35]; see
also Ref. [36]).
Solid evidence supports various positive affective out-

comes of OSLOs ([28,37]; see also Sec. II. B. 4). Empirical
data from a large variety of OSLOs in several European
countries provide strong evidence that they are, indeed,
able to create a high level of enjoyment or general
appreciation (assessed in various ways at different sites,
for example, by Likert scales, single items, a “grade” for the
visit, etc.). As Fig. 1 shows a range of 70%–90% of the
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maximal possible value of the measure at each site is
consistently obtained, with an average around 80%. Note
that these results hold across several countries (e.g., France,
Germany, Switzerland), target groups (primary school to
general public), various settings (single and multiple visits,
degree of guidance) and disciplines (biology, chemistry,
physics), and across more than a decade. Recently, Itzek-
Greulich and Vollmer [32] provided strong evidence for
positive affective outcomes in a large sample study. This
clearly shows the high potential of out-of-school learning
opportunities to provide an enjoyable science experience.
Moreover, SOLs have been shown to foster the science

interest of less interested students: The science interest gap
between initially highly and weakly interested students
(median split) decreases from d ¼ −2.33 before to d ¼
−0.49 after a SOL visit [43]. Similarly the well-known
“gender gap” in science interest between girls and boys was
shown to decrease from d (long term) ¼ − 0.85 to d (after
visit)¼ − 0.51 [43]. A similar effect was found for the self-
concept of girls [d (long term) ¼ − 0.9, d (after visit)
¼ − 0.7; [49]]. Note that while the effects on the gender
gap may not appear large, they refer to rather stable traits, if
not so say deeply entrenched attitudes [50], and the results
thus show that even a short intervention in a SOL can
initiate a change of them.
Taken together, the above arguments and findings suggest

that out-of-school learning places can foster affective out-
comes and attitudes in a way traditional science teaching at
school cannot; we call this the “place” hypothesis.

2. Cognitive outcomes

Classical formats of out-of-school learning, where cog-
nitive outcomes have been studied to a certain extent, are
outdoor field trips in the life and earth sciences and
planetarium visits in astronomy.
Outdoor field trips and excursions2 are well-established

elements of the life and earth sciences, as experience “in the
field” is constitutive both for these disciplines themselves
and for their teaching [51]. Central features are authentic
experience, inquiry, and experiential learning [52,53], very
much in common with SOLs.
Prather [54], in a review on early research on field trips,

concludes that it “clearly supported the use of field
instruction for both factual and conceptual learning as
well as for affective objectives” and that “compared to other
traditional teaching techniques, field trips may provide an
especially rich stimulus setting for content learning.”
However, no quantitative results are included in this review.
Fuller et al. [51], in an international perspective on field-
work in geography, agree that is an effective means of
learning, but add “just how effective it is compared with
other methods of learning remains in need of investigation.”
In the following discussion, the aspect of “effectiveness” is
completed by specification of effect sizes wherever possi-
ble; that is, we include values of Cohen’s d either for

FIG. 1. Enjoyment or general appreciation of various science outreach labs as percentage of maximal possible score value
(“POMP” [38]). Abbreviations: B: biology; C: chemistry; P: physics; GS: science (general); SL: scientific literacy; rightmost column:
average [32,33,39–48].

2There is also a broader understanding of field trips including
e.g., museum visits which we do not consider here.
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comparisons of different treatment groups or for pre-
post comparisons (the latter are denoted as d� for clarity).3

Foundational work on cognitive effects of field trips in
the life and environmental sciences was done in the US by
Falk and co-workers. They found large pre- and posteffects
(d� ≈ 0.8 − 1.7) for various cognitive outcomes (factual
and conceptual knowledge) [58–60]. In these studies by
Falk et al. various visitor groups and types of field trips
were compared, to which we come back in Sec. II. B. 3.
Another study in the US provided evidence for strong
effects on the learning of ecological concepts (d� > 1.5;
[61]), and that they were still present one month after the
intervention. Killermann reported comparable effect sizes
in Germany (d� ¼ 1.55; [62]). With one exception (high
school; [61]), all these studies were about young learners
(10–13 yr).
For field trips in the Earth sciences, the study of Orion

and Hofstein [63] showed considerable effects for higher
order learning outcomes (problem solving related to field
trip phenomena), while those for more factual knowledge
were smaller (d� ¼ 0.56, d� ≈ 0.3, respectively; 9–11
grade). For planetarium visits, a meta-analysis of 19 studies
showed a small but significant average effect (d ¼ 0.28)
across all age groups and for a wide range of learning
objectives [64]. DeWitt and Storksdieck [22] concluded
that field trips “can certainly lead to cognitive outcomes”
but that “these gains are often quite small and dependent on
the degree to which students were readied to engage with
content.” Other conditions of successful learning in out-of-
school settings are discussed in the literature, to which we
will come back below.
We now turn to studies on cognitive outcomes specifi-

cally of SOLs, for which only a few authors have provided
quantitative measures. Zehren [44] investigated the impact
of a longer-lasting intervention over 2 years with repeated
visits to a chemistry SOL (7 to 9 visits, 2 h of experi-
mentation each) on a range of quality criteria of student
experiments. Comparing to a control group without
SOL visits (however experimental lessons at school), he
obtained large to very large effect sizes (among others, level
of experiment-related questions: d ¼ 1.32; planning and
execution: d ¼ 1.2; analysis and interpretation: d ¼ 0.83;
all obtained by expert rating in a final test session about a
new experiment).

Damerau [65], in a study on a SOL about cell and
molecular biology, found very large pre-post effects for
learning about different topics (unicellular organisms:
d� ¼ 2.0; anaerobic cell metabolism: d� ¼ 1.59; genetic
fingerprinting: d� ¼ 1.52). Hirth [66] investigated an SOL
offer about sound and distinguished in his learning test
understanding of (i) concepts and (ii) graphical represen-
tation, as well as (iii) explanations as important components
of scientific understanding, and found large effect sizes for
all (d� ¼ 1.23, 1.08, 1.1, respectively). As for learning
beyond the short term, the studies of Damerau [65] and
Hirth [66] also provided evidence for an at least medium-
term stability of the learning effects by SOL courses ([65]:
d� ¼ 0.7, 1.0 for two biology topics, ≈2.5 − 3months after
the intervention; [66]: d� ¼ 0.9 − 1.0 for various learning
components regarding the topic of sound, 1–2 months after
the intervention). Recent work by Itzek-Greulich and co-
authors [32,67] will be discussed in Sec. II. B. 4. In view of
the above, it can be concluded that out-of-school learning
offers in general, and SOLs in particular, can also foster
cognitive outcomes for science learning. In view of general
arguments put forward in the literature (“extended practical
work,” “improved development of concepts,” see above), it
can be hypothesized that they can do this better than
traditional science teaching at school; thus, there is a
“place” hypothesis regarding cognitive outcomes. Note
that while actual empirical evidence concerning the com-
parison of cognitive outcomes to learning at school is
scarce, this place hypothesis is an implicit hypothesis of
many operating institutions of SOLs, believing that their
investment leads to a substantial added value beyond
science learning at school.

B. Connecting out-of-school and in-school learning

1. General arguments and teacher’s views

One of the most often stated features for the quality and
success of out-of-school learning offers, for both affective
and cognitive outcomes, is that they should be connected to
in-school learning [8,24,30]. This holds true for all formats
of OSLO discussed here, field trips [52], planetarium or
astronomy outreach [68] and SOLs [44,69]. Two major
forms of such connections are (i) pre- and postvisit
activities at school (“integrated approaches,” [70]) and
(ii) links of the OSLO content and activities to the
curriculum (“curricular links”), where the former most
often implies the latter.
Teachers perceive these connections as a decisive factor

of success. According to a report by the US National
Academies of Sciences’ Committee on Science Learning
“[…] teachers’ perceptions about curriculum fit and pre-
and postvisit activities emerge as the most frequently cited
factors to impact the development of disciplinary specific
knowledge from field trips” [30]. Indeed, in the study by
Anderson and Zhang [71], curriculum fit was found to be
the most important planning factor from the teachers’ point

3Reported values of Cohen d are either directly published ones,
or inferred from other published statistics according to standard
procedures [55]. Usual effect-size levels (as established from
comparison of a great many of studies in different areas) are small
(0.2 < d < 0.5), medium (0.5 ≤ d < 0.8) or large (0.8 ≤ d) [56].
Recently, Hattie [57] has introduced the “hinge point” of d ¼ 0.4
as comparison value (it is the average of all effect sizes reported in
his meta-meta-analysis). For correlations, the corresponding
levels are 0.1 < r < 0.3 for weak, 0.3 < r < 0.5 moderate and
r ≥ 0.5 for strong effects, respectively.

MOLZ, KUHN, and MÜLLER PHYS. REV. PHYS. EDUC. RES. 18, 020144 (2022)

020144-4



of view. In several other studies, 80%–100% of teachers
also stated the importance of curriculum links [72] and of
pre- and postactivities [73,74].
Rennie [28] stated that early advice intended to help

teachers organize effective field trips given by museum
educators “[…] emphasized that planning before the trip
and “recapitulation” afterward were almost as important as
the trip itself. Research has confirmed this advice.”
Consistent with these statements about good practice by
educators in and out of school, we will now turn to three
strands of research providing theoretical background and
evidence for the affective and cognitive benefits of con-
necting out-of- and in-school learning.
It is also noteworthy that for science teaching at schools

an “integrated setting” of student’s experiments with
preparation and follow-up work is to be considered as a
common standard, based on available research evidence
and good practice [75–78]. An isolated lab work would not
be considered a recommendable educational approach.

2. Development of interest and knowledge
as sustained processes

Person-Object approach to interest and interest deve-
lopment.—The person-object theory of interest and interest
development (POI) is “explicitly oriented to the demands of
educational practice” [79]. It is widely and successfully
used in science education [80] and is also well suitable to
describe the impact of OSLOs on interest [81]. Its key ideas
are as follows [79,82]:

(i) Interest is understood as an interaction between a
person and an object of interest. This may sound
self-evident, but it implies that intrinsic (person-
related) and extrinsic (situation or object-related)
factors are taken into consideration in a single
theory.

(ii) Interest is also understood in its development from a
person’s current state to a lasting trait. This may
again appear obvious, but it means that the temporal
development in interest can be captured in a differ-
entiated way, in a unified theory. Development of
interest can be tracked starting from a state of
“current” interest aroused by the features of a given
situation, its consolidation (“catch and hold”),
through eventually formation of a person’s “disposi-
tional” or long-term interest.

The theory has been repeatedly discussed and used in
relation to science education [79,80,82] in general, and to
SOLs in particular [32,43,69,83,84]. By their very defi-
nition, SOLs are meant to engage people in interesting
experiences and activities (see Sec. II. A. 1), and thus to
spark situational interest. POI then predicts that disposi-
tional interest can develop out of this triggering situation, if
integrated in appropriate catch-hold processes. One way to
do this are post-visit activities in the classroom, related to
and developing the content and experiences met at the

OSLO [85,86]. The high potential of out-of-school learning
offered as “catch” events belongs to their very rationale
([1]; see quote in Fig. 2). Note, however, that the flow of
events in the catch-hold process can also be from in- to out-
of-school learning. A quote from an interview study by the
“Smithsonian Institution” [87] on “enhancing the visits” of
school groups nicely illustrates how an opportunity of
“connected” learning in an out-of-school setting can
provide a memorable, lasting experience of satisfaction
and encouragement for a pupil (“experience of compe-
tence,” see above).
Prior knowledge and cumulative learning.—Prior

knowledge in a domain is a strong predictor of learning
in general (d ¼ 0.67), and of science in particular (d ¼ 0.8,
[57]). In a wider perspective, the notions of “cumulative
learning” or “knowledge integration” take account of the
temporal development of knowledge as a fundamental
dimension of learning [27]. They are understood as the
“sequential development of knowledge and skills” and
emphasize the role of knowledge structures as systematic,
well-structured bodies of knowledge [27].
Specifically, several studies have provided clear evidence

that opportunities for knowledge integration provided by
adequate preparation and follow-up work are also essential
for the effectiveness of science learning in laboratory
lessons ([88,89]; see Augustian and Seery [90] for a recent
review), or otherwise, that without such a framework,
chances are high that it stays merely “a set of disconnected
actions to be followed” [91].
The importance of prior knowledge and cumulative

learning was also repeatedly stressed for out-of-school
learning settings [3,84]. Rennie et al. [92] state that

Motivation and willingness to engage in further 
instruction are most likely to be the important 
affective outcomes of a visit. [1] 

Interviewer:  What did you learn about these 
things—in school, here? 

Student:  [A]bout the Kennedy and Sputnik 
things, we learned that last year 
in science. We spent months on 
that, and I am shocked that I 
remembered it. And it was pretty 
cool. I’m not really good at 
science, so that was really like a 
big thing for me. 

(Interview study at the “Smithsonian”, [87]) 

FIG. 2. Connecting learning in and out of school: high potential
of OSLOs as “catch” events (top) and for positive affective
impact of “experience of competence” (bottom).
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“[l]earning is a cumulative process involving connections
and reinforcement between the variety of learning experi-
ences a person encounters in his life” (see also Sec. II. B. 4).

3. Novelty

Early research about novelty and its potentially distract-
ing effects provides further evidence for the educational
advantages of connecting out-of- and in-school learning
experiences. In the foundational work of Falk and co-
workers already mentioned in Sec. II. A. 2, they inves-
tigated the influence of novelty, or unfamiliarity, on the
learning effects of field trips. In several studies, they
compared a “familiar” group of pupils who had already
visited a nature center, but for another topic, to an
“unfamiliar” group who visited the center for the first
time. They found considerably better learning for the
familiar group [58–60] and concluded that for the unfa-
miliar group, “exploration and setting-oriented learning
took precedence over conceptual learning.”
Based on these findings, the idea of novelty-reducing

measures appeared in the literature. Kubota and Olstadt
[93] found a positive effect of vicarious exposure prepa-
ration (an audio-visual presentation showing children in
typical situations of a visit and providing orienting
comments).
Anderson and Lucas [94] studied the effect of previous

visits and of an orienting preparation (about location and
organization, but not about details about individual exhib-
its) on learning about various physics topics in a science
center. Both previous experience and orienting preparation
were shown to foster learning (d ¼ 0.7 and d ¼ 0.6,
respectively). They summarize that while these are medium
effect sizes, “their educational significance lies in recog-
nizing how simply they were realized” (either previous
experience or a brief pre-visit orientation).
It should be mentioned that beyond treating novelty as a

single, one-dimensional factor, as in the above work by
Falk and others, Orion and co-workers have extended it to a
“novelty space” with several dimensions [63,95]. The idea
of novelty space is closely linked to that of adequate
preparation, “which will reduce the novelty space to a
minimum and thus facilitate meaningful learning during the
field trip” [95]. The differentiation according to these
dimensions will not be investigated in the present research;
the interested reader is referred to Ref. [95] for a study on
this aspect.
The results discussed above highlight the positive effects

of providing orientation and preparation for an OSLO visit.
Of course, one could believe that a structured and well-
prepared learning environment resembles too much a usual
classroom or school atmosphere and thus is detrimental to a
fundamental objective of OSLOs, viz. arising interest and a
spirit of discovery. It is one purpose of the present paper to

study whether the structured approach of an integrated SOL
and school setting is in fact detrimental to affective factors
or not.

4. Recent empirical results for connected settings of
science outreach labs

The research presented in Sec. II. B. 2 provides theo-
retical foundations and empirical evidence that the
development of knowledge as much as that of interest
are long-term processes that can be (much) better fostered
by single, short events like an OSLO visit when these are
integrated in a systematic, continuous setting of related
preparatory and/or post-visit activities (“connected set-
tings”). Section II. B. 3 provides theory and evidence that
an OSLO visit has to be safeguarded against distraction
and cognitive overload to fully develop its educational
potential, again emphasizing the helpfulness of prepara-
tion. On the basis of this previous research, a series of
intervention studies specifically about various forms and
aspects of connected settings in SOLs was carried out in
the last decade, to which we turn know.
Glowinski [41,69], in an evaluation study on SOLs for

molecular biology, provided evidence for the positive
effects of preparation on several affective variables, in
particular several components of general interest in the
SOL offer, and of specific interest related to its topic, with
effect sizes mostly in the range of 0.4≲ d≲ 0.7. Most
pronounced was the effect of preparation on interest for
experimentation in general (d ¼ 0.68). Additionally, the
effect of post-visit work on some of these affective
variables was also studied and turned out to be positive
(e.g., interest in the specific experiments done at the SOL,
d ¼ 0.58 or the topic treated there, d ¼ 0.68). Pawek [43]
found no direct effects of this kind, but nevertheless that the
better learners felt prepared, the more they felt competent
for the requirements of the SOL visit (d ¼ 0.46). Note that
all preceding results are correlational, that is, studying the
association between the perception by learners and the
variable of interest. Very few studies in this area had an
interventional design, that is, actually compared a con-
nected setting of an out-of-school learning offer to a
nonconnected one.
Huwer [96], in another investigation in the same (bio)

chemistry SOL as in Ref. [41], reported large to very large
effect sizes for various topics when compared to a control
group without teaching on these topics (fats and oils:
d ¼ 2.04, water cleaning treatment: 1.87, sugar and sweet-
eners: 3.8). Streller [97] investigated the impact of an
online preparation for an SOL unit in physics (magnetism)
and observed small to medium size effects on several
affective variables (most pronounced: emotional compo-
nent of situational interest: d ¼ 0.80) and (perceived)
comprehensibility (d ¼ 0.49).
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A very detailed study of this kind was undertaken by
Itzek-Greulich and co-authors, who responded in an
impressive way to the exhortation (see above) for better
methodological quality in the field (use of five learning
measures, cluster randomization of a large sample
(N ≳ 400 in each of four comparison groups), multilevel
analysis, etc. [32,67]). To the best of our knowledge, it is
hitherto the only well-controlled intervention study on the
effects of an integrated setting of an SOL unit (organic
chemistry of carbohydrates) as compared to learning the
same content in an SOL without integration, and in school.
The integrated setting was composed of a theoretical
introduction at school, the experimental part at the SOL,
and a summary again at school. Note, however, that the
lesson script in the SOL condition was developed by its
staff, while that in the “school” condition it was developed
by a teacher (providing additional elements typical for
experimental sessions at school, for example, introductions
to experiments and a workbook structure). The integrated
setting had a comparable but shortened script to meet time
limitations during the school part. Thus, while learning
content and experiments were identical in this study
[32,67], lessons scripts were not, reducing comparability.
All three learning settings were compared to a control
group not taught on the topic in question. For the integrated
setting, they obtained an effect size for specific content
knowledge of d ¼ 0.72 (comparison with control group
without instruction), and for specific experimental knowl-
edge (a test of procedural knowledge about the techniques
seen in the lab work) of d ¼ 0.37 [67]. For the other
learning measures, the difference turned out to be small or
not significant. Moreover, comparing the integrated setting
to a “school only” setting, learning in the latter turned out to
be better for all four measures.
The test of specific content knowledge was a fill-in-the-

blank test, which is considered to capture lower-order
learning [98,99], and it did not refer to existing research
about conceptual understanding of the subject matter, in

particular not addressing known pre- and misconceptions
[100,101]. For pre-post comparisons, the effect sizes for
factual and experimental knowledge are very small
(d� ≲ 0.1, as inferred from [67], Table 1)4; moreover, the
overall effect for specific content knowledge was reported
to be even negative5 across learning groups in ([102],
d� ¼ −0.6), while no pretest results and pre-post changes
for this measure were reported in [67]. Across the life,
environmental, and Earth sciences, and for astronomy, pre-
post effect sizes of OSLOs for learning are, however,
regularly around 0.8 and larger, often attaining the conven-
tional threshold for a large effect (see Sec. II. A. 2). Despite
the high-level methodology of the work by Itzek-Greulich
et al. [67], the state of research on the possibility and the
conditions of effective learning at SOLs thus still appears
inconclusive for the measures used, the actual learning
occurred, and the results found regarding the comparison of
integrated, nonintegrated, and school only settings. This is
a major reason for the present work.

C. Learner and setting characteristics

The dependent variables learning and motivation are in-
fluenced by several factors [103]. As stated in Sec. II. B. 2,
prior knowledge is a strong predictor of learning in general,
and of science learning at OSLOs in particular. This
includes content-specific knowledge, as well as general
background knowledge of the discipline in question.

TABLE I. Research hypotheses.a

Hypothesis 1 An integrated setting of a science outreach lab yields greater effects on students’ learning
(conceptual and procedural) than

(a) a setting without integration.
(b) a lab work unit at school

Hypothesis 2 An integrated setting of a science outreach lab yields greater effects on students’
interest and self-concept than

(a) a setting without integration
(b) a lab work unit at school.

Hypothesis 3 The positive effects of an integrated setting of a science outreach lab
(a) on learning
(b) on interest and self-concept
Last beyond the short term and can still be detected several weeks after the end of the intervention.

aNote that while an advantage over labwork in schools is part of the rationale and a kind of current working hypothesis of SOLs, it is
less justified by extant research than the advantage of integration; the hypotheses Hyp1b and Hyp2b, thus, could also have been
formulated as more open research questions. For simplicity, we decided not to do so.

4The apparent contradiction to the larger treatment-control
group effect size at post-test is explained by the fact that the
knowledge measures for the (non-intervention) control group at
post-test are generally quite low, eg. for specific experimental
knowledge considerably lower than at pre-test. Thus while the
treatment group improved to a certain extent, the control group
became worse to a similar or larger extent, producing an increase
of Cohen d according to its definition.

5Note that these d values are negative as they refer to for interest
gaps, e.g., between weakly (M1) and highly interested students
(M2 > M1, thus M1 −M2 < 0).
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Another important predictor, especially of physics learning,
is prior knowledge in mathematics [104]. Considerable
correlations between mathematics and physics or science
competences have been reported (r ¼ 0.48 according to
meta-analysis, [105], corresponding to d ¼ 1.1). As both
autonomous learning during lab work (experiment descrip-
tion, activity sheets) and testing are heavily based on
language, reading language skills are also to be taken into
account. Additionally, general (nonverbal) cognitive abil-
ities have been found to be a strong predictor of learning
and achievement (d ¼ 1.19, [57]).
Moreover, the initial state of interest and self-concept as

affective variables is also of importance; both are predictors
of science learning (interest: r ¼ 0.3, [106]; self-concept:
r ¼ 0.43, [57]; corresponding to d ¼ 0.63 and 0.95,
respectively), and their positive development belongs to
the core objectives of out-of-school learning offers.
Gender differences regarding physics or physical science

for both cognitive and affective variables have also been
known for decades. For achievement, differences (in favor
of boys or men) are small, but nonzero (d ¼ 0.32, [107]).
For interest and self-concept, a similar picture is obtained:
(interest: d ¼ 0.4, from the 5000 pupils UPMAP study in
England, [108]; self-concept: d ¼ 0.27, OECD average for
science in general [109]).
Lastly, the important role of educators in a given learning

setting has been repeatedly stressed. For learning at school
[57] stated that “teachers are among the most powerful
influences in learning.” Similar emphasis has been given to
the role of instructors in out-of-school learning settings
([110], Chap. 7). When comparing in-school and out-of-
school settings, it is thus important to have the same person
as educator to avoid confounding effects.

D. The present study

1. Purpose of the present study

As the preceding sections show, large positive affective
and cognitive effects by out-of-school science learning
offers are possible. Consistent with narrative, qualitative
accounts of earlier years, several quantitative studies of the
last few decades have found large effects for learning gains
(pre-post comparison, d� ≥ 0.8), and in some cases, also in
comparison to classroom teaching, in a wide range from
small to very large effects (see Sec. II. A. 2, 0.3≲ d ≲ 1.3).
However, these findings and their analysis, in particular
regarding learning, suffer from serious limitations: First,
with the very small number of well-controlled studies and
the absence of replication studies or meta-analyses (except
for planetarium research), there is a need for further
research on important specific features of out-of-school
learning offers, such as the effects of connected settings.
Second, there are limitations on the level of individual
studies, in particular concerning design, instruments, lack
of consideration of control variables, and underreporting

(e.g., not providing effect sizes or sufficient data to
compute them), as stated repeatedly by researchers in
the field [67,111] and, for example, by the National
Research Council (US), in a review on the state of affairs
(“[i]mproving the quality of evidence on learning science in
informal environments is a paramount challenge,” [3]).
For research on connected and integrated settings

of SOLs, which on the basis of the above arguments
(Sec. II. B) is an approach of very high importance, Itzek-
Greulich et al. [32,67] presented a high-quality comparison
study but with small learning effects in either of the
compared settings and reduced comparability between
the settings due to different scripts (Sec. II. B. 4) and
different educators in the comparison groups. Thus, there
appears a research need for a well-controlled comparison
study, with identical scripts for the SOL and lab work at
school, and where sizable learning actually occurred. This
is the main purpose of the present contribution. In view of
the focus of SOLs on experimentation, and of its impor-
tance for science education in general [75,77], procedural
understanding of the experiments and of the relations
studied in them is one important aspect of learning studied
in this work. Moreover, it is of interest to include the effects
specifically on conceptual learning, using an appropriate
measure, ensuring curricular validity (as one wants to
compare to a school setting), and based on existing
research. Kubota and Olstadt [93] have emphasized the
need for such measures for learning at OSLOs as early as in
1991. Therefore, in this study, we include a research-based,
curriculum-valid measure of learning with a focus on
conceptual and procedural understanding.
Given that positive motivational outcomes6 belong to the

main purposes of out-of-school learning offers (Sec. II. A. 1;
[3,7,8,32]) they are also investigated in this study. Lastly, if
indeed positive cognitive and affective effects in a science
outreach lab occur, it is of interest whether this holds beyond
a short-term effect [49,114–116]. The present study thus
includes a follow-up test one and a half months after the
intervention. For both cognitive and affective effects, the
study also includes several control measures and variables
based on previous research (Sec. II. C).

2. Research hypotheses

In the present work, the impact of a science outreach lab
on conceptual and procedural learning as cognitive out-
comes and on interest and self-concept as affective out-
comes was studied. In particular, we assessed the effects of
an SOL with an integrated setting (preparation and follow-
up work) as compared to an SOL without integration, and
to a laboratory unit at school. Based on the research

6‘Motivation’ is often used as an umbrella term including
interest and self-beliefs (especially in the context of education
[112,113] and it is in this sense that we use the term here.
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background developed above, the research hypotheses are
presented in Table I.

III. MATERIALS AND METHODS

A. Study setting and sample

The study was conducted in the German state of
Rhineland Palatinate in the years 2014–2016. Data were
collected from 190 ninth-grade students (lower secondary
level) in 8 classes at 3 academic-track schools in the
German school system.7 Complete class groups were
randomly assigned to the individual groups. Because of
incomplete datasets, data from 37 students had to be
excluded, and we follow a complete case analysis (or
“listwise deletion” [117]). This is considered as an accept-
able approach, and, in particular, taking account of
differences between participants with a potential effect
on the outcomes and including them as covariates in the
model (here initial understanding, interest and self-concept)
is an effective way of reducing bias.8 The resulting sample
consisted of 153 participants (Mage ¼ 14.6 a, SD ¼ 0.6 a;
46.4% boys). A sample breakdown is given in Table II.
Subject matter was “pressure and buoyancy,” a standard

topic according to the pertinent lower secondary school
physics curriculum (see Sec. III. C for details). The teach-
ing units took place either at the schools of the participant
classes (control groups) or at the science outreach lab
“iPhysicsLab”9 of a technology-oriented university in
Germany (treatment groups).

B. Study design

The intervention study had a quasi-experimental control-
group design with repeated measures, see Fig. 3. A first
treatment group (TG1) received the specific preparation
lesson before and the specific follow-up lesson after the
visit to the SOL. The second treatment group (TG2) also
participated in the lab work session at the SOL but received

two standard physics lessons on the subject of pressure and
buoyancy, one before and one after the visit. In contrast to
the preparation and follow-up lessons, these two standard
physics lessons were not specifically related to the lab work
content. They were necessary to exclude possible time on
task effects due to different intervention durations.
The control group (CG) carried out the experiments in

school rather than at the SOL. Similar to the TG1, the CG
received the preparation and follow-up lessons before and
after the lab work unit. Note that an isolated lab work unit at
school without preparation and follow-up work would not
be considered a recommendable educational practice (see
Sec. II. B. 1). Thus, the comparison should be carried out
with respect to a school lab work unit with integration, not
an artificially impoverished one without. Content, equip-
ment, and the lesson plan of the lab work sessions for all
three groups, as well as of the preparation and follow-up
lessons for TG1 and CG, were identical.
The research hypotheses are related as follows to the

study design: The comparison between TG1 and TG2
provides information on the effect of the specific integra-
tion of the SOL into standard physics lessons on the
outcome variables (Hyp1a, Hyp2a; “integration hypo-
thesis”). The comparison between TG1 and CG provides
information about the effectiveness of the learning place
itself (Hyp1b, Hyp2b). The delayed follow-up test provides
information on the temporal stability of cognitive and
motivational effects (Hyp3a, b).
A comment on the following question is appropriate

here: Why study the effect of a SOL with experiments
identical to school activities (“SOL ¼ school” setting)?
First, there are in fact SOLs which such a setting. A

strong reason for this is that while the experiments question
may be possible in school in principle, lab work is actually

TABLE II. Sample composition (TG: Treatment group, CG:
Control group).

TG1 (SOL) TG2 (SOL) CG (School) Total

Girls 34 28 20 82
Boys 29 24 18 71
Total 63 52 38 153

Week TG 1 TG 2 CG 

1 

pre-test 
(Learning, interest, self-concept, control variables) 

preparation 
standard physics 

lesson  
preparation 1 h 

SOL SOL 
labwork at 

school  4 h 

mid-intervention test (interest, self-concept) 

2 

 follow-up 
activity 

standard physics 
lesson  

follow-up 
activity 

1 h 

post-test 
(Learning, interest, self-concept) 

3…7 standard physics lessons 

8 follow-up test 
(Learning, interest, self-concept) 

FIG. 3. Study design. The comparison between TG1 and TG2
is about a lab work unit with and without integration (Hyp1a,
Hyp2a) and the comparison between TG1 and CG is about a lab
work unit at a SOL and at school (Hyp1b, Hyp2b).

7“Gymnasium,” see Ref. [113] for background about the
German school system.

8Note while the missing rate (19% at follow-up) is above the
value considered as small [117], it is lower than that of Itzek-
Greulich et al. ([118]; 32% at follow up) or of other studies in this
journal (e.g., Henderson et al. [113]; 24%). Moreover, partici-
pation in all comparison groups took place within regular,
compulsory teaching hours; missing was thus rather due to
random causes like illness, etc., and not likely to be due to a
selective “leaving out” caused by reasons like disinterest, etc.

9www.iphysicslab.de (20.06.22).
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limited in many schools, due to lack of time (of the
teachers), high equipment costs, or poor school facilities
[119]. This is true in particular for schools in underprivi-
leged areas [120,121]. Consequently, it is a relevant
question to investigate the educational outcomes of such
a setting. Second, earlier research with well-controlled
studies on this question is scarce, and even the most recent
and advanced studies [67,118] suffer from several consid-
erable limitations (different scripts and different educators
in the comparison groups, content knowledge test aiming at
lower-order learning; very small effect sizes for pre-post
learning gains; see Sec. II. D. 1). Thus, there is a need of
further research on the “SOL ¼ school” setting which goes
beyond the above limitations, as proposed here (see below
for control measures and test instruments).
The pretest took place in the physics lesson preceding the

intervention. The midintervention test took place immedi-
ately after the lab work unit to assess its immediate impact.
The post-test was carried out in the physics lesson after
the end of the intervention, and the follow-up test after a
six-week delay to the post-test. In the time between post-
test and follow-up test, standard physics lessons (on
another topic, not pressure and buoyancy) took place for
all learning groups.
By agreement with the physics teachers involved, it was

ensured that all participating classes (i) were approximately
in the middle of the teaching unit on buoyancy at the
beginning of the intervention and (ii) that they did not
receive any physics lessons between pre- and post-test
beyond those according to the study design.
To avoid confounding effects, several further variables

were kept constant or controlled (see Sec. II. C for back-
ground): First, all groups had for all lessons the same
instructor who was also the routine instructor at the SOL
and at school (an experienced school teacher and the first
author of this study); moreover, the perception of instructor
engagement by participants was measured to check for
comparability across groups. Second, several variables that
could not be kept constant over all participants were
considered in the analyses: gender, prior knowledge, initial
interest and self-concept, language skills, and general
intelligence (see Sec. III. D for measures).

C. Instructional environment and material

The iPhysicsLab9 is a classic science outreach lab that is
visited by entire classes as part of half-day events. Its
laboratory spaces are also used for normal university
teaching. The various modules are usually directly related
to the curriculum, so that they can be fully integrated as an
experimental supplement in a lesson sequence. Pupils are
given the opportunity to conduct and analyze experiments
and test hypotheses in autonomous group work, supported
by the educator. In the module on fluid pressure and
buoyancy investigated in this study, hands-on experiments
are used to ensure feasibility at the learning place school

(which would not be possible with expensive high-end
experiments). The lab work unit of all groups contained
four experiments:

• Hydrostatic pressure I: Bursting of a wine barrel
according to Blaise Pascal [122].

• Hydrostatic pressure II: Maximum height for drinking
through a straw [123].

• Buoyancy I: Stone thrown from a boat—what about
the water level? [124,125].

• Buoyancy II: Cartesian diver [126,127].
Participants worked in groups of two, following a circuit
through the above four experimental stations.
As an example, Fig. 4 shows the implementation of the

experiment Hydrostatic Pressure I as hands-on version.
Instead of the historical wine barrel, a commercial Tetra-
Pak was used, which can be burst by the hydrostatic
pressure of an approximately 4 m high head of water.
The preparation lesson (TG1, CG) addressed the follow-

ing aspects:
• Providing necessary prior knowledge
• Development of motivating research hypotheses
• Creation of a contextual link between physics lessons
at school and the lab work unit at the SOL

In particular, the question “Why do ships float?” was
used to address different topics of buoyancy and hydro-
static pressure, providing necessary prior knowledge to
carry out the SOL experiments. The specific contexts used
in the experiments were not addressed during preparation,
except for the experiment “Stone thrown from a boat,”
which served as a link between the preparation and lab
session (Fig. 5). A newspaper article was used to contex-
tualize various questions on buoyancy. A mathematical
treatment of the topic according to the curriculum [128]
took place in the form of a written homework assignment
on the day of the lab work unit. For the follow-up work, a
learning quiz about selected contexts was designed.
Homework related to the SOL experiments served as
another follow-up activity.
For the group without preparation and follow-up activity

(TG2), the lessons before and after the SOL visit were
standard physics lessons for this stage of the teaching
sequence on buoyancy, without specifically relating to the
SOL experiments.

D. Measures

1. Interest and self-concept

These tests were based on two well-validated instru-
ments [103,129,130], which were further developed and
validated by Kuhn and Müller [131,132]. They consisted of
two subscales for (situational) interest (int) and for self-
concept (sc) with a total of 18 items and a six-level Likert
scale. All test properties were within the recommended
range [133,134], see Table III for pretest values (values at
other measurement times are very similar). Figure 6 shows
various sample items of the scales surveyed.
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2. Learning

To measure students’ learning of the subject matter of
“pressure and buoyancy” a research-based, curricularly
valid test with a focus on conceptual and procedural
understanding (cpu) was used. This consisted of a total
of 10 items, which included both multiple-choice and free-
text items related to procedural understanding of the
experiments and known conceptual difficulties for the
subject matter (“sucking vacuum,” Achimedes’ principle,
etc. [135–138]; see Table VII in the Appendix for a more
detailed specification). Curricular validity and comprehen-
sibility of the test items were ensured by an expert

validation.10 All test properties (Table IV) were within
the recommended range for a classroom assessment
[133,134]. In that respect, a comment on the value of αC
is in order: Current practice and recommendations

FIG. 4. Hands-on experiment on the bursting of a wine barrel according to Blaise Pascal [122]. Because of the necessary height
difference (several meters), part of the activity was carried out outside the building.

10Four experienced teachers of the target age group (mean
teaching experience 16.5 yr) were asked on a 6 point Likert scale
(1: complete disagreement; 6: complete agreement) about (i) cur-
ricular validity; (ii) appropriateness as a physics test question; and
(iii) whether theywould use a given item in a test. For all questions,
agreement of the teachers was very high, with little variation
[averages (standard deviations) for all items and teachers: 5.6
(0.5)]; 5.6 (0.5); 5.5 (0.5), for the three questions, respectively.
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emphasize that assessment instruments, when covering
multiple concepts, as, e.g., in particular in classroom
contexts, are expected to have low values of alpha, and
that for a test with meaningful content coverage, low
internal consistency is not a major impediment to its use
[139,140]. Adams and Wieman [141], in their review on
assessment instruments in science education, state that

instruments designed to measure multiple concepts in a
short time (i.e., in a typical classroom setting) are expected
to have low values of internal consistency). Indeed,
according van Blerkom [142], typical classroom tests will
display values between 0.60 and 0.80. Accordingly, for
group level measurements, a value of 0.6 falls in the
acceptable range [133,143].

3. Control variables

Several learner characteristics were taken into account
(see Sec. II. C). Reading and language competence were

4) Follow-up work 
Interactive repetition quiz: Can the dumping 
of scrap iron be recognized by the water level 
of the lake? 

Mathematics 
 

 

3) Homework 
Calculate the force needed to lift the gold 
ingots bars out of the water and into the boat 
(from the film scene of task 1). 

1) Lab-related preparation 
Mark physically interesting text passages in 
the newspaper article (about a James-Bond 
film scene). Formulate hypotheses about their 
validity. 

2) SOL experiments 
Test your hypotheses with an experiment 
using the experimental materials available. 
Write a protocol and explain your results.  

FIG. 5. Instructional material for preparation and follow-up work related to SOL experiment “Stone thrown from a boat”.

TABLE III. Characteristics of the interest or self-concept test
(pretest). Mean (M), standard deviation (SD), discrimination
index (D), item-test-correlation (r), Ferguson’s delta (δ), Cron-
bach’s alpha (αC) [134]; target range according to Ding and
Beichner [134] and EPFA [133].

Property M SD D r δ αC

Sc 2.8 0.8 0.41 0.49–0.70 0.97 0.90
Int 3.9 0.9 0.48 0.98 0.87
Target range ≥ 0.3 ≥ 0.2 ≥ 0.9 ≥ 0.6

TABLE IV. Characteristics of the learning test (post-test values).
Solution probability (P), discrimination index (D), item-test-
correlation (r), Ferguson’s delta (δ), Cronbach’s alpha (αC) [134].

Property P D r δ αC

Value 0.58 0.46 0.20–0.37 0.93 0.60
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assessed using a standardized test instrument ([144],) and
by the last German language grades. General (nonverbal)
cognitive abilities were also assessed by a standardized test
instrument ([145], αC ¼ 0.80). As a measure of initial
knowledge, the last physics and mathematics grades and
the knowledge test mentioned above were used. Initial
interest and self-concept were also assessed (with the
instrument mentioned above). Instructor engagement and
support across groups, as perceived by participants, was
measured by a 5-item scale (instructor perception, IP),
where two items were based on those used in other SOLs
[41,43], the other items were self-developed. One dimen-
sionality was established by exploratory factor analysis; the
internal consistency was αC ¼ 0.8.

E. Analysis

An analysis of covariance (ANCOVA) was carried out to
investigate for the main effects of the intervention, and the
influence of the control variables (calculation of adjusted
values). To determine the source of differences, post hoc
tests were used. In detail Tukey analysis was employed.
The statistical requirements for ANCOVA were examined
in advance of the analyses [146,147]. All calculations were
performed using the analysis software SPSS 21.11

Effect sizes are reported as Cohen’s d, that is, the group
mean difference divided by the pooled standard deviation
[56], being very widespread in empirical research and
offering the advantage of comparability with other studies.
The calculation of effect sizes was based on Wolf [148] and
Lipsey and Wilson [55], using adjusted mean values for the
group mean difference and the pooled standard deviation.
The Hake index (g) as a measure of the learning gain is

reported, which was computed as the ratio of attained to the
maximum possible learning gain [149,150].

IV. RESULTS

A. Learning

Figure 7 shows the descriptive data of the learning test at
the three test times: pre, post, and follow-up (mean values
together with standard errors). The statistical analysis
revealed the following results: First, significant learning
across groups over the course of the intervention is clearly
recognizable [Fð2; 292Þ ¼ 261.56, p < 0.001]. Post hoc
analyses showed significant learning gains both at the post-
intervention and at the follow-up test. Effect sizes for pre-
post learning gains were very large for all groups (d� ¼ 2.1,
2.3, 1.0 for CG, TG1, and TG2, respectively). The
standardized learning (Hake index g) at the sample level
between the pre- and post-test was g ¼ 0.4. For the follow-
up measurements, gain effect sizes were reduced but still
very large for TG1 and CG, and medium-sized for TG2
(d� ¼ 1.8, 1.8, 0.7 for CG, TG1, and TG2, respectively).

Interest
At home, I look in books, on the internet or similar to find out more 
about topics from physics lessons.

Self concept My performance in physics is good according to my own assessment.

Learning

Michael is not allowed to drink cola at home. His trick to get around the 
ban: He makes himself a long XXL straw and wants to use it to drink 
unnoticed from a can of Coke that is 11 metres below him on the floor 
under his bedroom window. Which statement is correct?

□
His trick works because physically only the diameter of the straw 
is relevant for this experiment.

□
His trick would theoretically work, if only humans could suck 
enough on the straw.

□
His trick doesn't work because it is physically impossible to drink 
through a straw from that height.

□
His trick works because the higher air pressure at the bottom 
makes the cola in the straw rise to the top.

FIG. 6. Example items from used scales.

11https://www.ibm.com/support/pages/spss-statistics-210-
available-download (01.06.22).

EFFECTIVENESS OF SCIENCE OUTREACH LABS … PHYS. REV. PHYS. EDUC. RES. 18, 020144 (2022)

020144-13

https://www.ibm.com/support/pages/spss-statistics-210-available-download
https://www.ibm.com/support/pages/spss-statistics-210-available-download
https://www.ibm.com/support/pages/spss-statistics-210-available-download
https://www.ibm.com/support/pages/spss-statistics-210-available-download


Second, the results of the ANCOVA with pairwise post
hoc tests (Tukey test) revealed significant group differences
for learning (see Table V). At both the post and follow-up
test, TG1 and CG showed significantly higher scores
(cpu_post, cpu_fup) than TG2 [Post: Fð2; 153Þ ¼ 11.94,
p < 0.001; Follow-up: Fð2; 144Þ ¼ 7.78, p ¼ 0.001].
Effects sizes were medium or large at the post-test
(TG1=TG2: d ¼ 0.72; CG=TG2: d ¼ 0.56), and medium
sized at the follow-up test (TG1=TG2: d ¼ 0.54; CG=TG2:
d ¼ 0.58). TG1 and CG, by contrast, did not differ sig-
nificantly from each other at either time. Of the covariates
surveyed, prior knowledge (cpu_pre), pre-intervention self-
concept (sc_pre), prior grade in physics (gr_ph), and
reading competence (rc) had an impact on the outcome.
They contributed significantly to the explained variance for
learning at the post-test (cpu_post).

B. Interest and self-concept

Figures 8 and 9 show the descriptive data of the two
subscales of self-concept and interest at group level.

The group means of the respective subscale at the four
measurement times pre- intervention, midintervention,
postintervention, and follow-up are displayed, as well as
the standard errors of the mean.
ANCOVA results for both subscales are presented in

Table VI. For the midintervention state test directly after
the lab sessions, significant increases for both subscaleswere
found [sc: Fð3; 351Þ ¼ 41.83, p < 0.001; int: Fð3; 351Þ ¼
96.42,p < 0.001]. Effect sizes were medium size (d� ≈ 0.5)
for self-concept and large (>0.8) for interest. For the post-test
measurement time (approx. 1 week after the SOL visit), a
significant difference to the prescores was only found
for self-concept. The follow-up results of both scales
were back to the pre-intervention level. There were no
significant between-group differences at any time, except for
interest at the follow-up measurement [Fð2; 129Þ ¼ 4.78,
p ¼ 0.010, d ¼ 0.38]. Of the covariates surveyed, the pre-
intervention value of interest had the strongest impact on the
same variable at all later measurement times. The same held
analogously for self-concept, which also had an impact on

TABLE V. ANCOVA results of the learning test at post-test and follow-up. Dependent variable (DV); Error degrees of freedom (dfe);
F statistic (F); observed significance level (p); effect size Cohen dðdÞ; adjusted means (Ma) (abbreviations: cpu_pre: prior conceptual
and procedural understanding; sc_pre: pre-intervention self-concept, gr_ph: prior grade in physics; rc: reading competence; fup:
follow-up).

p d Ma

DV dfe Factor (CV) F Tot CG=TG1 TG1=TG2 TG2=CG CG=TG1 TG1=TG2 CG=TG2 CG TG1 TG2

cpu_post 146 group 11.94 <0.001 n. s. <0.001 0.009 � � � 0.82 0.52 56.3 59.8 47.9
cpu_pre 19.55 <0.001
gr_ph 10.52 0.001
sc_pre 8.45 0.004
rc 3.03 0.035

cpu_fup 137 group 7.78 0.001 n. s. <0.001 0.001 � � � 0.59 0.59 51.9 52.5 43.5
cpu_pre 37.71 <0.001
gr_ph 9.61 0.002
rc 5.19 0.024

FIG. 7. Descriptive data of the learning test with standard error
of mean. Significances and effect sizes refer to the pairwise
comparisons of adjusted group means. Abbreviations: prep,
preparation; fupa, follow-up activity.

FIG. 8. Descriptive data of the subscale self-concept with
standard error of the mean.
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interest as the two measurement times after the lab session
but not at the follow-upmeasurement. Finally, prior grades in
mathematics were a predictor of self-concept at the mid-
intervention measurement.

C. Gender effects and further results

Both self-concept and interest correlated significantly
with the learning at sample level at all three measurement
times of the learning test (pre: sc: r ¼ 0.36���, int:
r ¼ 0.22��; post: sc: r ¼ 0.34���, int: r ¼ 0.28��; follow
up: sc: r ¼ 0.47���, int: r ¼ 0.30���).
Gender analyses at the sample level showed small

significant effects at several test times in favor of a higher

self-concept of boys [midintervention: Fð1; 137Þ ¼ 6.24,
p ¼ 0.014, d ¼ 0.38; post: Fð1; 127Þ ¼ 9.16, p ¼ 0.003,
d ¼ 0.41; follow-up: Fð1; 126Þ ¼ 5.70, p ¼ 0.018,
d ¼ 0.34]. No such differences were found for interest.
No interactions with the group were detected with regard

to any of the control variables collected or at any time of
testing, nor any differences in instructor engagement and
support across groups.

V. DISCUSSION

A. Research hypotheses on learning (H1, H3a)

The SOL studied in this work has pronounced positive
effects on conceptual andprocedural understanding,which is
reflected in the large group-wide pre-post effect sizes3

(d� ¼ 2.3 and 1.0 for TG1 and TG2 respectively). These
values are in accord with previous research on learning gains
in SOLs (pre-post comparison, d� ≥ 0.8, see Sec. II. A. 2).
Consistently, the Hake gain index found (g ¼ 0.4 on the
sample level) was in the range found for teaching approaches
considered as effective, that is, interactive engagement
courses (g ¼ 0.48� 0.12; [149,151]). A comparison of
the two treatment groups TG1 and TG2 shows that the
integration of a science outreach lab in the form of prepa-
ration and follow-up activity has a positive effect on students’
learning (d ¼ 0.72). This effect was still present six weeks
after the intervention (d ¼ 0.54). Thus, hypotheses Hyp1a
and Hyp3a were confirmed. These results are in good
agreement with previous studies (see Sec. II. B. 4), although
not with Itzek-Greulich et al. [67], who found no substantial
learning gains, and no advantage of the integrated setting.

FIG. 9. Descriptive data of the subscale interest with standard
error of the mean.

TABLE VI. ANCOVA of the self-concept and the interest variables at midintervention, postintervention, and
follow-up. Dependent variable (DV); Error degrees of freedom (dfe); F statistic (F); observed significance level
(p); effect size Cohen dðdÞ; adjusted means (Ma) (abbreviations: sc_mid: midintervention self-concept; int_pre:
pre-intervention interest, gr_m: prior grade in mathematics).

d Ma

DV dfe Factor (CV) F p TG1=TG2 CG TG1 TG2

sc_mid 140 group 0.14 n. s. 74.9 75.3 74.2
(sc_pre) 75.12 <0.001
(gr_m) 5.94 0.016

sc_post 129 group 0.38 n. s. 68.7 67.0 68.8
(sc_pre) 155.37 <0.001

sc_fup 130 group 1.54 n. s. 64.3 61.0 64.8
(sc_pre) 172.78 <0.001

int_mid 140 group 0.06 n. s. 61.5 60.8 60.9
(int_pre) 19.96 <0.001
(sc_pre) 3.77 0.050

int_post 130 group 1.55 n. s. 47.8 42.4 44.0
(int_pre) 19.95 <0.001
(sc_pre) 11.35 0.001

int_fup 129 group 4.78 0.010 0.38 43.6 36.6 43.8
(int_pre) 54.41 <0.001
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The comparison between TG1 and CG shows that the
learning place SOL per se does not lead to increased
learning. Therefore research hypothesis Hyp1b was
rejected. This result is in agreement with that of Itzek-
Greulich et al. [67].
Itzek-Greulich, too, was unable to prove a connection

between the learning place and learning gains. Other work
had found positive effects of out-of-school learning places
as such (see Sec. II. A. 2). Our interpretation would be that
for well-prepared lab work units (with identical content and
implementation), where strong learning gains occur also at
school, and with a well-controlled comparison, in particular
also taking account of initial knowledge, little evidence
exists for the “place hypothesis,” that is, superior learning
taking place at an SOL.
Taken together, these findings show that SOLs can indeed

be designed to be effective for learning: An integrated setting
with preparation and follow-up activity can have large
learning gains and be as effective as learning at school.
However, this is not the case for SOLs without integration.

B. Research hypotheses on interest
and self-concept (H2, H3b)

A group-wide, short-term increase of interest and self-
concept was observed directly after the lab sessions, with
medium-size and large effect sizes, respectively (IE:
d� > 0.8, SC: d� ≈ 0.5). It had already disappeared for the
most part one week later (post-test). At the follow-up time,
both scales were back to their pre-intervention levels. This
confirms short-term catch effects as described by previous
studies (Sec. II. B. 2). The interest and self-concept level
measured at midintervention time is also in line with other
studies, which reflects well on the comparability of the SOL
evaluated here with others. There were no group differences
at any time of testing, except for self-concept at the follow-up
measurement (TG2 > TG1). As there were no effects
subsequent to the intervention, and since new teaching topics
were started in the time between post- and follow-up test by
all participating learning groups, it is unlikely that the effect
in question is related to the intervention.
Thus, students’ interest and self-concept in this SOL

turned out to be independent both of the integration of the
SOL (TG1) and of the out-of-school location at a university
(TG2). Research hypotheses Hyp2 (a and b) were therefore
rejected: no evidence could be found to support the
hypothesis often formulated in literature that the connection
between short-term “catch” and medium- to long-term
“hold” effects for interest is fostered by the integration
of SOLs in pre- and post-learning opportunities at school
[39–41]. Rather, our findings are consistent with other
studies reporting that integration does not have the desired
effect on affective variables [43,118,152].
On the one hand, these results raise the question of

criteria for effective forms of integration of SOLs,
on the other hand, the question of possible dose-effect

relationships. Such questions have the potential to increase
the effectiveness of learning of SOLs and should therefore
be the focus of future research.

C. Gender, other learner characteristics,
and further results

No differences were found between girls and boys for the
gains in learning and situational interest in any of the settings:
the experimental units appeared suitable for both genders
both at school and at the SOL. Priemer et al. [81] in a large-
scale study (N > 10000) on situational interest after SOL
visits also found no differences between girls and boys.
Self-concept was also increased for both genders

(d� ≈ 0.5), although more for boys than for girls
(d ≈ 0.4). Thus, our study did not show the small decrease
of the “gender gap” (from d ¼ 0.9 to 0.7) for self-concept
reported by Euler [49], but with smaller differences
between boys and girls altogether (d in Euler [49] twice
as large than ours). No further inferences about the gender
gap can be drawn on the basis of the present data.
From the other learner characteristics, prior knowledge

and prior grade in physics had a significant impact on
learning, consistent with existing evidence (Sec. II. C).
Moreover, reading competence also contributes to the
explained variance of the learning variable. This shows
the importance of text comprehension for science learning,
especially if instruction materials contain larger text pas-
sages [153]. Lastly, pre-intervention self-concept also had
an influence on the learning outcome, consistent with
previous research (Sec. II. C).
As for learning, the pre-intervention scores of the

collected affective variables were also the strongest pre-
dictors of the respective scores after the SOL visit. This is
plausible, as both interest and self-concept, are stable
variables. Further, prior grades in mathematics were pre-
dictors of self-concept at the midintervention measurement.
Again, it is plausible that grades influence academic self-
concept, but this is an individual result, not generalizing
from mathematics to physics, nor to all measurement times.
As the main reason for including this variable was to
control for potential differences between the intervention
group, a more systematic investigation of these influences
is beyond the scope of the present study.
Note that both for learning and affective outcomes and

for any of the above predictors, including gender, there
were no interactions with the intervention: lab work at
school, SOLs, and their enhancement by an integrated
setting work equally well for learners of all kinds, in
particular for boys and girls and for low and high achievers.
Finally, the correlations found for learning with interest

and self-concept are in line with previous research. For
interest, the correlation with learning was in the range of
0.22 ≤ r ≤ 0.30 at all times of testing, consistent with
meta-analytic results ([106]: r ¼ 0.3). For the specific case
of SOLs, Glowinski [41] reported somewhat higher values
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(0.3 ≤ r ≤ 0.6) for various components of interest and
knowledge; however, that she considered the correlation
to subjective self-assessment of learning, while in the
present work, a measure by an actual knowledge test
was used. For self-concept, the correlation with learning
was in the range of 0.34 ≤ r ≤ 0.47 at all times of testing,
in line with previous research showing that confidence in
one’s own competence in a specific field or for a given task
is a strong predictor of academic effort and achievement
[154]. Hattie [57] states that “the relation between self-
efficacy and achievement […] is among the strongest of
self-measures” (meta-analytic value d ¼ 0.43).

D. Limitations and future research

The present study is limited to a given age group
(secondary level I), and academic-track schools within
the German school system.7 Our findings about SOLs and
the positive effects of integrated approaches (pre- and post-
visit activities at school) would have to be confirmed for
other educational settings, for example, for other topics
(e.g., modern science) and learner groups (e.g., with lower
academic abilities). However, no interaction was found for
any of the outcomes (cognitive and affective) and for any of
the control variables (previous knowledge in physics and
mathematics, language, and reading competences, etc.; see
previous section). Thus, even though these predictors (e.g.,
previous knowledge) might be different in other settings,
they should only have a moderate influence on the educa-
tional advantages of learning at SOLs.
The following limitations on the methodological level

have to be mentioned. First, in the present design, only two
main features were studied (SOL vs school and integrated
setting vs non-integrated setting). Thus, further investiga-
tions should study additional factors and their interactions
in a more detailed way, such as different forms of
integration providing other forms of preparation and
orientation. An interesting and practically relevant question
is whether background information about an SOL visit
(schedule, location, other circumstances [93]) has an
orienting, positive effect on educational outcomes beyond
the cognitive preparation studied here. A promising con-
ceptual framework for such more fine-graded investigations
is provided by the “novelty space” theory of Orion et al.
[63,95,155], which differentiates different dimensions of
novelty, such as cognitive novelty, novelty related to the
setting of an out-of-school learning offer, etc. This could
add to a more complete evidence-based understanding of
“best practice” and success factors for the design and
operation of science outreach offers, of obvious interest to
their practitioners and operating institutions [156].
Second, the present study has considered only a limited

set of outcome variables, which should be broadened by
future work. A relevant example in that context is curiosity,
which is an important variable at the affective-cognitive
intersection [157], and belongs to their very rationale of

science outreach offers, as seen by research, scientists, and
providers alike [3,158–160]. Third, the sample size in this
study is smaller than, for example, that of the study by Itzek-
Greulich et al. [67], and small main or interaction effects of
interest might need larger sample sizes to attain statistical
significance. However, an important control measure was
realized in this study, as the educator was the same for all
treatment groups and the entire sample, which imposed a
limit to a manageable sample size of a few hundred.
Finally, while this study found learning effects beyond

the short term, it did not provide evidence for motivational
“hold effects” expected on the basis of previous research
(Sec. II. B. 2). A possible hypothesis is that this needs a
post-visit integration lasting longer than a single follow-up
lesson. The design of the present study did not allow us to
answer this question, which appears to be an interesting
topic for future research on SOLs.

VI. CONCLUSIONS AND PERSPECTIVES

To optimize the attitudinal and cognitive gains, teachers
and their helpers have to provide support and “scaffolding”
between the pupils’ existing concepts and the exhibits.
Consequently, the quality of classroom preparation, activ-
ities within a science center, and follow-up activities are all
important aspects of visits [161].

A. General conclusions

The objective of this intervention study was to inves-
tigate in detail the effectiveness of SOLs in terms of their
integration with teaching at school in the form of prepa-
ration and post-visit activities and their effectiveness as an
out-of-school learning place. The investigation was carried
out on the basis of a SOL thematic unit on “pressure and
buoyancy,” and it was aligned with a series of methodo-
logical exhortations raised for the field of OSLOs (see
Sec. II. D. 1) concerning design, instruments, consideration
of control variables, underreporting, and including more
than short term effects. Its findings confirm and add to the
understanding of out-of-school experiences for science
learning in the following way.
The study goes beyond recent research [32,67] by

investigating a setting where sizable learning actually
occurred, using a research-based, curriculum-valid measure
of learning, and extended control measures (same lesson
script and same instructor plus measure of instructor
engagement and support). Finally, in providing evidence
for learning effects beyond the short term, the present study
contributes to filling the research gap in this area (see
Secs. I and II. D. 1) and to put into practice recurrent
recommendations for improving research and practice in
out-of-school science offers [3,159].
The findings about SOLs without integration are as

follows: Even though significant learning and affective pre-
post gains were also found for SOL without integration, the
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school lab work unit was superior for all outcomes: lab
work at school, which according to current best practice
and evidence includes preparation and follow-up work,
is more effective than an SOL visit with inadequate
preparation and follow-up activities. Thus, a mere change
from the learning place “school” to the learning place
“science outreach lab” (“place hypothesis”) does not yield
superior effects on students’ self-concept and interest nor
learning, provided that content and implementation do not
differ between learning places. Note that this applies to
settings where experiments at the SOL and in school are
identical (see Sec. III. B for the rationale of these settings).
While there are of course SOLs with activities well beyond
what is possible in school, there are still good reasons for
considering SOLs with experiments identical to school
activities, to which we come back in Sec. VI. C.
Even though significant learning and affective pre-post

gains were also found for SOL without integration, the
school lab work unit was superior for all outcomes: A lab
work unit at school, which according to current best
practice and evidence includes preparation and follow-up
work, is more effective than an SOL visit with inadequate
preparation and follow-up activities. Thus, a mere change
from the learning place “school” to the learning place
“science outreach lab” (“place hypothesis”) does not foster
students’ self-concept and interest nor their learning,
provided that content and implementation do not differ
between learning places. However, there are still good
reasons for considering SOLs with experiments identical to
school activities, to which we come back in Sec. VI. C.
Furthermore, the integration of SOLs into physics

teaching at school by preparatory and postprocessing
teaching units is promising. No negative effects on
affective variables were found, but a moderate to large
effect on learning (d ¼ 0.8), which was still present six
weeks after the intervention (d ¼ 0.6). Taken together, the
available results showed that an SOL with an integrated
setting was conducive to learning, without negative side
effects on its motivational outcomes. A possible drawback
that integration of SOLs with work at school gives a too
“school-like” flavor to the visit, and that, in particular,
preparation might eliminate its “suspense” and thus lead to
a loss of its motivational potential, does not appear
justified. With regard to short-term motivational “catch”
effects found in similar studies, the present intervention
study confirmed the current state of understanding of out-
of-school learning offers. It does not, however, provide
evidence of medium- to long-term motivational “hold”
effects due to the integration of SOLs; as stated above, this
question remains inconclusive at the present stage of
research, and may be better understood with a correspond-
ing design in future studies.
The insights gained into the cognitive effects of inte-

gration are particularly important in view of the fact that
around two-thirds of teachers currently neither prepare nor

post-process an SOL visit in their lessons [43,162]. The
majority of them, in connection with attending an out-of-
school learning place, only pay attention to existing links of
the topics offered to the school curriculum, the possibility
of performing experiments, and the costs of the visit [71].
Here, the results of the study should encourage teachers and
SOLs to rethink their approach in order to generate lasting
effects on learning for the participating students.
In sum, we see the added value of the present contri-

bution as two-fold: adding evidence for the SOL ¼ school
format actually existing, in particular regarding the ben-
eficial effects of integrated settings, and going beyond
substantial limitations in prior research; and adding useful
perspectives for classroom practice and future development
of SOL in more general settings to which we turn now.

B. Practical implications

For outreach practitioners and operating institutions, the
following findings appear of interest. First, the present study
provides new evidence, responding to the requirement of
improved methodology in the field (see Sec. II. D. 1),
that substantial learning at SOLs is possible, with positive
effects lasting beyond the short term. There is thus no need
to exclude cognitive outcomes from the objectives of
science outreach offers. Moreover, the present findings
add to existing evidence about the substantial motivational
potential of SOLs. Second, integration with classroom
teaching was shown to be necessary for learning, and not
harmful for motivation. A disconnected SOL experience is
not likely to spark learning (and all the less in a lasting way),
well in accord with relevant research about learning
processes.
Third, the effect sizes of learning and motivational

effects as measures of practical importance corroborate the
educational potential of SOLs: very large (d� > 0.8) for
learning and interest, and medium sized for self-concept
(d� ≈ 0.5)3. Compared to Hattie [57], the effect size for
learning of an SOL with vs without integration (d ¼ 0.72
at post-test) would come out on position 13 of 138
instructional approaches. Although this is an individual
study, not a meta-analysis, the size for integrated SOLs
appears to be in the interesting range, and it was obtained
by only one lesson of preparation and of follow-up
activities (which would be included in classroom teaching
anyway).
Fourth, the fact that there are no interactions of different

covariates with the outcome variables is also of practical
interest. This means that the enhancement of SOLs by
integration works for diverse kinds of learners, and that in
particular it is not restricted to learners of a higher initial
level of motivation or understanding.
Fifth, when compared to lab work at school, the effects

of an SOL (with integration) on learning and motivation
are as good as those in a well-prepared classroom setting,
but not better. In view of the substantial absolute gains
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(see previous point), this is certainly not bad; however, it
leads to an obvious question: What then is the added value
of SOLs?

C. The added value of science outreach labs, and
perspectives for future research

In the following, we present several arguments in favor
of SOLs as valuable components of physics education. To
begin with, we discuss the question of whether SOLs with
experiments identical to school activities have an added
value. First, while SOL experiments may be possible
in school in principle, lab work is actually often limited
in schools, both by constraints of budget and time. In
particular, with the ever-increasing charges of everyday
work in school, this often leaves little time for teachers to
realize experimental offers for learners, and even less to
develop new lab work at a level possible in an SOL, even if
this would be possible in principle. In this case, high-
quality lab work provided by SOLs is a substantial support
for teachers. Moreover, if committed and creative scientists
at a university realize the development of stimulating
activities which also could be carried out at school in
terms of necessary equipment (e.g., low-cost experiments),
this could improve physics education even further, as
teachers will learn these ideas and transfer them to their
classroom practice (in fact, this is a major reason for them
to visit SOLs [119]). Another way of such a “spin-off” of
SOLs can be the development of experimental kits, which
even can help to solve the budget or equipment problem at
some schools. In both cases, our results show that educa-
tional outcomes at schools then can be comparable, which
we find encouraging and relevant. Finally, such offers are
even more valuable for schools in underprivileged settings:
the effects on cognitive and affective variables by lab work
at school can be equal to those by a well-equipped SOL,
provided that the necessary material, staff, and time
resources are available. If this is not the case, SOLs can
ensure a sizable contribution to educational equity.
Second, SOLs and other science outreach offers can of

course provide experimental activities not possible in
schools, for example, for topics of modern science (where
the equipment is not available, see, for example, the SOLs
at CERN [11], the Paul-Scherrer-Institute [34], or Fermilab
[13], for the dimensions, degree of sophistication or other
special features of the experiments [10,14,163,164] or for
practical reasons (maintenance, security, etc.). In this
context, we fully agree with Braund and Reiss’ [7] state-
ment about “extended and authentic practical work” and
“access to rare material” as important elements of science
outreach offers. Here, the outcomes of our study add to the
discussion about SOLs two perspectives we find signifi-
cant: In the broad range of SOLs formats, there are offers
which downplay learning objectives, with the argument that
these would create a “didactic” atmosphere doing harm to
the motivational objectives. Our study shows that both
objectives can well coexist. Similarly, there are offers
which follow rather an “edutainment” approach which

often avoids an integration with pre- and post-activities
at school, with the same argument of a didactic atmosphere
(see also Sec. VI. A). Our study shows the contrary: a well-
thought integration can increase motivational effects (here
interest and self-concept). Of course, this remains to be
shown for offers different from a “SOL ≠ school” setting
studied in the present work (Sec. III. B), and we see this as
an interesting and relevant question for future research.
Third, there are important objectives of SOLs that go

beyond motivation and learning a specific topic. A visit to
an out-of-school learning offer at a research institute can
provide experience and insight regarding the work done in
a genuine research environment, and its purposes and
societal value, not (or less) possible by other offers
[1,3,7,8]. In particular, personal contact with researchers
provides opportunities to experience authentic ways of
doing science (as opposed to the restricted or even artificial
views on science as they may sometimes be presented in
school), and to overcome misconceptions and stereotypes
related to scientists as person and science as professional
activity.Moreover, the contactwith scientistsmayconvey the
experience of curiosity, excitement, and satisfaction found in
herwork [8,83]. Tytler et al. [165] argue that such encounters
can be a valuable contribution to providing role models of
adults interested in and committed to science and related
areas. Again, it is an interesting question for further research
how these additional features combine with integration
(which was the factor studied in the present work).
In conclusion, our answer to the question “From enjoy-

ment to learning?” (Sec. I) is “Yes, this is possible!” and
integration of SOLs is a key to this. We consider SOLs as a
promising element of science education, both with exper-
imental activities possible also in school, and with features
going beyond this, well worth considering on the practical
level, and for further research for a more complete under-
standing of their outcomes and success factors.
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APPENDIX: KEY CONCEPTS OF
THE LEARNING TEST

The learning test is about basic conceptual understand-
ing, in particular about several conceptual difficulties of the
subject matter “pressure and buoyancy” described in the
literature, as specified in Table VII.
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