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Introductory practical work in university physics degrees is dominated by highly constrained and
instructions-based tasks with limited value for developing students’ scientific and critical thinking
skills. One possible explanation for this may be the assumptions made about new students’ prior
experiences. Over the course of 5 years, approximately 800 first year physics students completed
a simple survey of the nature of their prior experiences of physics practical work. An informative
means of presenting the data and understanding their experiences as either passive or practical,
or in terms of their freedom to make decisions, is developed. Most new undergraduate students
have some experience of decision making in relation to physics practical work, which should be
incorporated into course design. The data also indicates that different education systems provide
different opportunities for decision making compared to other pre-university education systems,
illustrating the need to align practical training at a local level.

I. INTRODUCTION

Despite the many documented benefits of
open-ended practical work [1–6], the vast ma-
jority of introductory practical tasks in physics
are highly constrained [7, 8]. Moreover, the
name ‘Experiment’ is often misapplied [9–11].
Considerable student resistance to open-ended
practical tasks has also been reported [12–14]
which may hinder the introduction of genuine
experimental experience at introductory lev-
els, since there is high risk of conflict with
students and poor student satisfaction, despite
known issues and biases [15, 16].

One potential reason for reported resistance
to open-ended practical work is a lack of align-
ment between students’ prior experience and
the presentation and structure of the tasks set.
Misalignment may be more pronounced in in-
troductory courses, not least because course
designers lack knowledge about their students’
needs and are therefore unable to meet their
expectations [17] or identify interventions to
manage them [18]. Not only may students’
prior experience be assumed from formal qual-
ifications, which are often dominated by writ-
ten examinations [19], but contact with re-
cent teachers who can provide an overview of
a given cohort is clearly impractical. This
can result in a gap between course organis-
ers’ assumptions about student readiness and
required support and the students’ actual pre-
paredness [20, 21].

A simple survey collected data about the
nature of students’ prior experience of prac-
tical work and the analysis demonstrates sev-
eral ways in which this can provide insight into
both student preparedness and the pedagogi-
cal provision. Data collected over the course
of five years is used to develop a means to un-
derstanding a student group’s prior experience
of practical work in physics in a way that can
be used for both course transformation and
contemporaneous adjustment. While the fo-
cus here is on prior experience, the questions
are closely related to expectations, of both stu-
dents and teachers, a topic that is rarely con-
sidered [17].

The majority of the discussion is in the
context of University College London (UCL)
where five years’ worth of survey data is pre-
sented and discussed, indicating that students
are prepared to make decisions about their
method and even design their own investiga-
tions. The survey provides a tool for evalu-
ating students’ prior experiences of practical
work in a way that can facilitate the introduc-
tion of appropriately advanced and indepen-
dent practical work that builds constructively
on students’ prior experiences [21]. This can
facilitate the alignment of educational provi-
sion to students, as seen in its application to
the development work at Stockholm Univer-
sity (SU) [22], but it also promotes inclusive
provision by ensuring that the necessary sup-
port is available for students whose prior ex-
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perience may not leave them as ‘well prepared’
for the activities provided. If run every year,
shifts in student experience can be tracked,
and contemporaneous support adjusted even
while the majority of written documentation
remains static.

The rest of this paper is organised as follows.
The survey and the raw results are introduced
first. The survey items are then grouped the-
matically and the results for different groups of
students are compared. Some thoughts about
implications and usage are in the concluding
section.

II. SURVEY OF PRIOR EXPERIENCE

In order to try to develop an improved un-
derstanding of first year students’ experimen-
tal background and their preparation for un-
dergraduate physics practical work, a survey
of prior experience and expectations of physics
practical work was created and introduced at
UCL in autumn 2015. The data presented
here is from 2015-2019 inclusive, during which
time the anonymous survey was completed by
approximately 800 students, including one co-
hort (40 students, 2018) at SU, where the sur-
vey was used to support changes to the prac-
tical work, replacing very precise instructions
– ‘set method’ activities – with ones that re-
quired students to work out the method, and
choose appropriate variable values, and also
provided the opportunity for students to ex-
plore further, essentially developing their own
experiment [22]. From 2015-2018, the UCL
questionnaires were completed on paper, while
in 2019, the questionnaire was electronic. The
UCL questionnaires were all completed by stu-
dents in their first session in the teaching
laboratory. The SU group completed a pa-
per survey during a compulsory course meet-
ing at the start of the academic year, several
weeks before starting practical work. Students
were given a verbal briefing on the purpose
of the questionnaire for improving course de-
livery and that all data was anonymous and
completion of all parts was voluntary.

Prior experience was explored through a
simple survey of five types of experience re-
lated to practical work that physics students

Survey description Abbreviation

Designed, built and con-
ducted own experiments

Own experiment

Conducted set experiments
with own method

Own method

Conducted set experiments
with prescribed method

Set method

Took data while teacher
demonstrated experiments

Teacher demo

Analysed data from an ex-
periment I did not conduct

Data analysis

TABLE I. The five aspects of experience as stated
in the survey, and as referred to in the text and as
used in figures. The survey question is: “What
is your experience of laboratory work related to
Physics? (Tick all that apply)”, and students se-
lected ‘lots’, ‘some’ or ‘none’ for each aspect.

starting at a British university may have expe-
rienced. Prior experience, particularly in re-
lation to experimental decision making, was
of especial interest at UCL where a key as-
pect of the first year physics training is the
explicit focus on experimentation, principally
through imperfect experimental set ups that
provide opportunities for students to inves-
tigate anomalies [23]. In common with re-
ports of resistance to inquiry [12–14], many
students were seen to stick closely to the infor-
mation provided which included most method
details, and sometimes also suggested variable
values, another example of ‘set method’ provi-
sion. This made finding out about prior expe-
rience of independence – and genuine experi-
mentation – particularly relevant; in introduc-
ing the survey, experience indicated that this
could take the two forms identified.

Five types of activity were identified as
probable experience of students studying
physics within the A-level system, and were
listed in order of decreasing student involve-
ment and control, as in Table I. The first three
are closely related to levels in a simple char-
acterisation of inquiry levels [7], and the two
additional areas were included on the basis of
experience of the A-level system. The state-
ments were preceded by the question “What
is your experience of laboratory work related
to Physics? (Tick all that apply)”, and stu-
dents ticked boxes of ‘lots’, ‘some’, ‘none’, for
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the amount of experience they felt they had
had of each aspect. This is similar to Likert-
like (agree-disagree) scales commonly used for
surveying students’ attitudes [6, 24, 25], but
is coarser grained, having just three options,
one of which is unambiguously distinct from
the other two.

This approach does not consider the fre-
quency of practical work [26], and therefore
neither relies on students recalling events from
several months earlier, nor assumes that prac-
tical work is evenly distributed throughout
students’ studies. Intensive blocks of activities
and more independent project work [21] are
both incorporated. The simple scale also cir-
cumvents recall issues by allowing for impres-
sions in relative terms – what might be called
perceived frequency – as well as differentiating
between different types of activity related to
experimental science.

From its introduction in 2015, and up to
and including 2018, the intake survey was com-
pleted on paper, and a few students provided
partial information about their prior experi-
ence. The occasional student also either se-
lected two (adjacent) of the three boxes, or
carefully their tick on the line between two
levels. In these cases, the experience level
was always placed as ‘some’ since the students
thought they had had some experience. In
2019, the survey was delivered online which
enforced complete responses and that only one
level was selected for each aspect.

A. Cumulative summary

As seen in Figure 1, the most common type
of practical experience was to perform a set
‘experiment’, according to instructions, fol-
lowed by analysis of data from other sources
and observing data collection. Since the sur-
vey question explicitly refers to the labora-
tory context, it is possible that the relative
frequency of teacher-led demonstrations and
data analysis are underestimated if students
did not connect their experience and the state-
ment. That most students reported a good
amount of experience doing practical work
themselves, and that many had also had con-
siderable amounts of teacher-lead demonstra-

FIG. 1. (Colour online.) Summary of each aspect
of prior experience: UCL, cumulative 2015-2019,
as percentage of students who provided an answer
for a given aspect. (‘Exp’ is abbreviation for ’ex-
periment’.) The number of students who provided
an answer for each aspect varies even within years,
and is given in Table 2 of the supplementary mate-
rial. Plots detailing the yearly and student-group
variations are given in the supplementary mate-
rial, Figure 1.

tions, is consistent with earlier studies [21].
More distinctly, over 60% of students reported
having some experience of designing and build-
ing their own experimental investigation, and
an even larger fraction had had experience of
making method-related decisions. However,
more students reported no experience of deci-
sion making in relation to practical work than
reported ‘lots’ of experience of data analysis
and teacher-led demonstrations.

At this stage, incomplete responses are in-
cluded, since each aspect is addressed sepa-
rately. In the later sections, where aspects are
combined, incomplete answers become prob-
lematic and are excluded. The number of re-
sponses and complete responses for each group
and year are given in Tables 2 and 3 of the sup-
plementary material respectively.

Even from this simplest presentation of the
data, it is clear that pre-university training
may not be preparing students well for inde-
pendent practical work. On the other hand,
many new undergraduate students have had
some experience of independence in relation
to their practical work, so highly instructed
introductory practical work [7] may unneces-
sarily limit students’ learning.
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B. Student-level detail

The simple counting of reported experience
(Figure 1) obscures any connections or correla-
tions between different types of experience. In
particular, it leaves open the question whether
time spent on teacher-led demonstrations and
data analysis corresponds to an absence of
other types of experience. In others words:
it might be expected that students who have
little or no experience of decision making in
their practical work, experienced more teacher
demonstrations and data analysis, but this is
not clear from Figure 1.

In Figure 2, each student from the group
surveyed at SU in 2018, is represented by a
vertical series of dots, coloured, shaped and
offset according to the different types of expe-
rience. On the far left of each set, are students
who responded with ‘lots’ to all types of expe-
rience; those who answered ‘some’ to building
their own experiments and their own method
occur in the centre; while those whose expe-
rience was more limited occur on the right.
All students who answered the survey at SU
provided complete responses to the five state-
ments. When the survey was delivered on
paper at UCL, a few number of incomplete
responses were collected each year (supple-
mentary materials, Tables 1 and 3). the SU
group is unusual in that there is a higher de-
gree of apparent correlation between experi-
ence types that is not present at UCL (supple-
mentary materials, Figure 3). Overall, there
is no means to inductively complete incom-
plete responses [27]. However, due to the small
number of incomplete responses each year, the
impact on the results and conclusions will be
negligible, and partial responses are discarded
in the following.

III. RESULTS: THE NATURE OF
STUDENTS’ PRIOR EXPERIENCE

The very action of ordering the students in
some way, as done in the list of aspects and
Figure 2, pre-supposes some sort of ‘ranking’
of the experiences, and ordering the experi-
ences differently – organising the data differ-
ently – may lead to quite different interpre-

FIG. 2. (Colour online.) Individual responses for
students at SU, 2018, ordered according to overall
quantity of experience from most involved to least
involved. The aspects are offset vertically for clar-
ity. For a full set of plots, covering all years of the
study, see Figure 2 of the supplementary material.

tations. While plotting all students individu-
ally as in Figure 2 may be useful for a detailed
understanding of the variability of a given stu-
dent cohort, it is perhaps not so convenient for
gaining an overview of or comparing different
student groups.

It is also difficult to identify where a co-
hort’s comfort zones may be, making it hard
for teaching staff to align courses to students
and ensure that additional support is ready
for use. An easily interpretable presentation
that can be analysed quickly and accurately is
particularly relevant if information is collected
at the start of an academic year for immedi-
ate application. Such a strategy and means of
presenting the data is now developed.

A. Grouping of experiences

In reviewing the data in relation to the con-
texts in which it was collected and the pur-
poses for which the survey was developed, it
was realised that, to inform undergraduate
practical training as the initial part of a re-
search scientist’s training, each type of ex-
perience can be classed in two ways (Table
II). It may be ‘active’ or ‘passive’ depending
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on whether or not the activity would involve
students physically manipulating samples and
equipment. It may also be ‘controlled’ or ‘in-
structed’ according to whether or not students
are making decisions about the method and
set up. This is approximate but intuitive: the
purpose of introducing the survey was to ob-
tain a broad overview, not require students
to make a significant effort to remember their
pre-university education.

Experience Manipulation Independence

Own experiment active controlled

Own method active controlled

Set method active instructed

Teacher demo passive instructed

Data analysis passive instructed

TABLE II. The five aspects of prior considered
and their nature and independence classifications.
The two short horizontal lines mark the different
groupings; the ‘set experiment; set method’ type
of experience is groups different to the other four
types of experience that come as pairs.

The most ambiguous case is where a teacher
demonstrates an ‘experiment’. In these activ-
ities, students may contribute to the method,
but it is likely that this will essentially be as
pre-determined by the teacher. Equally, stu-
dents may also handle the equipment, but it
is likely that only a small subset of a class
does so. When one considers the opportuni-
ties shared by an entire class, this aspect is
passive and instructed.

Decision making in practical tasks can take
many forms, for example deciding how to col-
lect data or making changes to an experiment
on the basis of observations [28], although
this latter type of activity can rarely be com-
pleted in a single session. Despite the value of
project-based inquiry activities [29, 30] with
large elements of student control [7], the pres-
ence of genuinely open activities in both school
and university introductory sciences [29, 30] is
not universal, and a variety of excuses are even
given for not requiring them [26]. At univer-
sity level, the majority of laboratory or prac-
tical courses, as well as individual tasks [7] are
highly structured, even when there is an accu-

rate introduction to the nature of experiments
[8].

The three point scale of the levels of ex-
perience (‘lots’, ‘some’, ‘none’) and the types
of experience are qualitative descriptions and
assigning them to a numerical scale must be
done with care, although a degree of arbitrari-
ness will remain. Between the limited number
of distinct options, the unquantified gaps be-
tween the different levels and the descriptive
experience types, correlative statistics are not
appropriate [31].

From the point of view of potentially in-
troducing practical work with significant de-
cision making elements, the most important
distinction is between ‘some’ and ‘none’, while
the difference between ‘lots’ and ‘some’ plays
a relatively minor role. However, one may
also consider this stage as the identification of
combinations of ‘lots’, ‘some’ and ‘none’ with-
out considering which aspect this was asso-
ciated with and assuming that ‘some’ of two
different types of experience is roughly equiv-
alent to ‘lots’ of one type and ‘none’ of the
other type. This approach is meaningful for
the process of gaining insight into the nature
of students’ prior experience with practical
work, and aligning courses accordingly, and
may also incorporate student confidence by re-
flecting perceived experience. This approach
is similar to the handling of Likert-like agree-
disagree scales so that strongly (dis)agreeing
and slightly (dis)agreeing are considered as
(dis)agreeing for analysis of trends [32]. Al-
though here the ‘lots’, ‘some’, ‘none’, Likert-
like part is already a three point scale. It is im-
portant to bear in mind that the purpose of the
combination is to provide an improved under-
standing of where incoming students are and
what they are used to, enabling better align-
ment of practical work to new students’ needs
[33, 34].

To enable comparison, the following proce-
dure is used: the levels of experience are as-
signed numerical values: ‘lots’ = 2, ‘some’ =
1, ‘none’ = 0; the mean experience of each stu-
dent in each of the four subdivisions is calcu-
lated (average practical, average passive, av-
erage control and average instructed), which
preserves scaling; the number of students in
each group with each pair of means (practi-
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Own experiment 0 1 2 1

Own method 1 1 0 1

Set method 2 1 1 1

Teacher demo 1 2 1 2

Data analysis 2 1 1 0

Average practical 1.0 1.0 1.0 1.0

Average passive 1.5 1.5 1.0 1.0

Average control 0.5 1.0 1.0 1.0

Average instructed 1.67 1.33 1.0 1.0

TABLE III. Several examples of how combining
the five-aspect raw data leads to contributions
to different or similar groups in the two two-
dimensional aspects.

cal/passive and control/instructed) is counted,
and reported as a fraction of the total student
group. In combining five sets of integer an-
swers into a group of three and a group of two,
and calculating the means, different combina-
tions of experience can lead to the same mean,
as demonstrated in Table III. This highlights
the emphasis on the type of experience, partic-
ularly on decision making aspects, removing
any tendency to rank different aspects.

It is now straightforward to apply the two
grouping methods to the data. The manipu-
lative experience is considered first, since this
is the most obvious type, and can be investi-
gated through knowledge tests [26]. Control
and decision making, crucial for developing
genuine scientific practice, are then considered
in §III C. A summary of the data is discussed
here, with additional student groups presented
in the supplementary material.

B. Active and passive experience

Plotting the normalised occurrence (radius
corresponds to percentage of total sample) of
the data facilitates year to year and group to
group comparison. From Figure 3, it is seen
that new first year physics students generally
report a good amount of prior experience of
practical work (largest circles in centre and
to the right), but passive work is also com-
mon. Extremes of passive experience were
more common than of practical experience,
and there is no indication of a significant trend

FIG. 3. (Colour online.) Average practical and
passive experience for select groups. Similarities
and differences between groups, for example the
tendency towards passive experience at UCL, and
the higher levels of active experience in non-A-
level education systems, are visible. Detailed plots
for all years and student groups are given in Fig.
3 of the supplementary material.

or correlation common to all groups.

The characteristics of the A-level system,
in comparison to other education systems also
seem to be distinct. The experiences of those
who had taken A-levels are more firmly in the
centre of the plot area, and with a slight ten-
dency towards more passive (not hands-on)
experience. This is in contrast with the ex-
periences of students at SU (2018), and those
at UCL (2019) who had not taken A-levels.
These students not only reported more prac-
tical work (shift to the right), but also less
passive work (larger circles lower in the plots).
Moreover, for students who had not taken A-
levels, more of one type of experience appears
to correspond with more of the other type,
thus more experience overall, a feature that
is not present in the A-level data.
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FIG. 4. (Colour online.) Average decision making
experience (control/instructed) for select groups
of students. The tendency towards higher levels of
student control in non-A-level systems, are visible.
Detailed plots are in Fig. 4 of the supplementary
material.

C. Control and instructions

For the inclusion of inquiry activities – gen-
uine experimentation – into introductory stud-
ies (first year), it becomes important to under-
stand the other facet of the classification split
outlined in Table II. That is how much expe-
rience students have had of making decisions
about their practical work. Plots of the data
organised in this way are shown in Fig. 4.

This reveals the dominance of ‘set method’
work shown in section II A. In particular, for
students at UCL, many students had con-
siderably more experience of instructed work
and the extreme of control over work is vir-
tually absent (bottom right hand quadrant of
each plot almost empty, while the top left
hand quadrant is filled). This is consistent
with earlier work related to UK students’
pre-university experiences of practical work in
physics [21]. In contrast, at SU, there is a
gap in the top left part of the plot (highly in-
structed experience), and a larger number of
students reported lots of experience of experi-
mental decision making. Non-A-level students

at UCL in 2019 showed a similar trend to SU
students, with the exception of a few students
who reported no experimental decision making
opportunities. This group is, however, com-
paratively small, and may originate from many
different educational systems, so while the fea-
tures are consistent with the non-A-level group
at SU, differences in experience related to ed-
ucational system would require further explo-
ration with larger groups of students.

While the middle levels of experience domi-
nated at SU, the fact that students’ prior ex-
perience involved some experimental decision
making was one of the key factors contribut-
ing to instructor confidence when introducing
open-ended practical work [22]. In contrast,
the more limited experience of first year stu-
dents at UCL with making decisions about
their practical work indicates that, where the
dominant entry route is via the A-level sys-
tem, more support and structuring is likely to
be necessary.

IV. CONCLUSIONS

In the previous sections, self-reported stu-
dent data of the type and quantity of pre-
university practical experience in physics was
presented and analysed. About 800 students
completed a simple survey over five years, pro-
viding a large sample of students and covering
the period of the A-level changes in England
and Wales (first post-reform cohort in 2017).
The five aspects of experience can be consid-
ered independently or classified in two ways:
whether the student interacted directly with
the equipment and measurement taking pro-
cess or not; and whether or not the student was
making decisions about their procedures and
experimental set up. These facets can have
implications for aligning introductory practi-
cal work at university, and the decision making
aspect may be particularly relevant for intro-
ducing more open-ended work which can meet
student resistance [12–14]. These groupings
lead to two-dimensional plots that provide an
overview of a cohort’s prior experience.

From Figures 3 and 4, we see that most first
year physics students have some experience of
both practical work and decision making in re-
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lation to it. Given that the majority of first
year undergraduate physics practical tasks are
highly instructed [7, 8], it is clear that these
may not be well aligned to students’ prior ex-
perience and it should be possible to incorpo-
rate considerable elements of student control
and decision making [21, 22]. Given the resis-
tance to more open-ended work [12–14], this
would need to be supported by an introduc-
tion to the experimental process and scientific
practice [35]. The survey and analysis method
presented here can be used to design university
practical training that builds constructively on
students’ prior experiences. Student choice be-
tween ‘some’ and ‘lots’ may reflect self-efficacy
or confidence, and an important additional as-
pect to consider in course design is that stu-
dents from less privileged backgrounds may
have had fewer opportunities and lack confi-
dence in their abilities [36–39].

While it might be tempting to investigate
correlations within and between groups on the
basis of the raw data, the unquantifiable (ordi-
nal) data makes such an exercise meaningless
[31]. Variations between and within groups are
easily seen in the visual representation devel-
oped here where the axes retain meaning, in-
formation that is lost if a numerical measure of
similarity is used (discussed further in the Sup-
plementary Material). The analysis presented
here should be understood as a tool that can
be used to proactively adjust practical work to
students’ needs [34]. However, the survey in
the form presented here was developed for its
immediate context, with the assumption that
the statements developed would be interpreted
as anticipated by the students. It is strongly
recommended that the survey is reviewed and
adjusted with some who can be taken as rep-
resentative of the student group of interest be-

fore large scale implementation to improve the
reliability of the results obtained. A number
of aspects to consider, and possible ways of
achieving good understanding the perspectives
of – and any mismatches between – survey set-
ter and survey takers, are summarised in Sec-
tion 5 of the Supplementary Material.

The use of the survey as part of the de-
velopment work at SU demonstrates its rel-
evance and usefulness by applying it to a sit-
uation with a very different pre-university ed-
ucational system, and highlights its utility for
course design and alignment [22]. It also
indicates that there may indeed be system-
atic differences between A-level and non-A-
level education systems; further use of the sur-
vey in diverse contexts with a dominant in-
take route would be required to fully explore
this. The comparison (non-A-level) group
sizes are small, but they provide a preliminary
indication that the A-level system may pro-
vide fewer opportunities for student decision-
making than other systems, emphasising the
need for understanding the local situation for
developing practical work aligned to students’
prior experiences. Understanding what stu-
dents are prepared for, particularly in light
of curriculum changes and increasingly diverse
student backgrounds and aspirations, is im-
portant for high-quality, effective education
and inclusive practice.

ACKNOWLEDGMENTS

Thanks are due to P. A. Bartlett who coor-
dinated and facilitated data collection at Uni-
versity College London, and F. Hellberg and
A. Rydh who ran the survey at Stockholm Uni-
versity.

[1] E. Etkina, A. Karelina, M. Ruibal-Villasenor,
D. Rosengrant, R. Jordan, and C. E. Hmelo-
Silver. Design and reflection help students
develop scientific abilities: Learning in intro-
ductory physics laboratories. Journal of the
Learning Sciences, 19(1):54–98, 2010.

[2] B. R. Loveys and K. M. Riggs. Flipping the
laboratory: improving student engagement

and learning outcomes in second year science
courses. International Journal of Science Ed-
ucation, 41(1):64–79, 2019.

[3] D. D. Minner, A. J. Levy, and J. Century.
Inquiry-based science instruction – what is
it and does it matter? results from a re-
search synthesis years 1984 to 2002. Journal
of Research in Science Teaching, 47(4):474–



9

496, 2010.
[4] E. M. Smith, M. M. Stein, C. Walsh, and

N. G. Holmes. Direct measurement of the im-
pact of teaching experimentation in physics
labs. Phys. Rev. X, 10:011029, 2020.

[5] M. C. Robinson. Undergraduate laboratories
in physics: Two philosophies. American Jour-
nal of Physics, 47(10):859–862, 1979.

[6] B. R. Wilcox and H. J. Lewandowski. Open-
ended versus guided laboratory activities:
Impact on students’ beliefs about experimen-
tal physics. Phys. Rev. Phys. Educ. Res.,
12:020132, 2016.

[7] L. B. Buck, S. L. Bretz, and M. H. Towns.
Characterizing the level of inquiry in the un-
dergraduate laboratory. Journal of College
Science Teaching, 38(1):52–58, 2008.

[8] J. D. Wilson and C. A. Hernández-Hall.
Physics Laboratory Experiments. Cengage
Learning, Stamford, eighth edition edition,
2015.

[9] R. Millar. Bending the evidence: The rela-
tionship between theory and experiment in
science education. Doing science: Images
of science in science education, pages 38–61,
1989.

[10] J. von Gyllenplam and P.-O. Wickman. The
uses of the term hypothesis and the inquiry
emphasis conflation in science teacher educa-
tion. International Journal of Science Educa-
tion, 33(14):1993–2015, 2011.

[11] J. Gyllenpalm and P.-O. Wickman. “Ex-
periments” and the inquiry emphasis confla-
tion in science teacher education. Sci. Ed.,
95(5):908–926, 2011.

[12] C. Gormally, P. Brickman, B. Hallar, and
N. Armstrong. Effects of inquiry-based learn-
ing on students’ science literacy skills and
confidence. Int. J. Schol. Teach. Learn.,
3(2):16, 2009.

[13] C. Gormally, P. Brickman, B. Hallar, and
N. Armstrong. Lessons learned about imple-
menting an inquiry-based curriculum in a col-
lege biology laboratory classroom. Journal of
College Science Teaching, 40(3):45, 2011.

[14] N. King, T. Van der Touw, L. Spowart, and
C. Lawlor. A scoping study investigating stu-
dent perceptions towards inquiry based learn-
ing in the laboratory. Eur. J. Sci. and Math.
Ed., 4(3):305 – 314, 2016.

[15] L. MacNell, A. Driscoll, and A. N. Hunt.
What’s in a name: Exposing gender bias in
student ratings of teaching. Innovative Higher
Education, 40:291–303, 2015.

[16] A. Boring, K. Ottoboni, and P. Stark. Stu-
dent evaluations of teaching (mostly) do not

measure teaching effectiveness. ScienceOpen
Research, 2016.

[17] R. Naylor, F. L. Bird, and N. Butler. Aca-
demic expectations among university stu-
dents and staff: addressing the role of psy-
chological contracts and social norms. Highed
Education, 2021, 2021.

[18] M. R. Buckley, M. M. Novicevic, J. R. B.
Halbesleben, and M. Harvey. Course man-
agement and students’ expectations: theory-
based considerations. The International Jour-
nal of Educational Management, 18(2):138–
144, 2004.

[19] T. G. K. Bryce and I. J. Robertson. What
can they do? A review of practical assess-
ment in science. Studies in Science Education,
12(1):1–24, 1985.

[20] C. A. R. Berg, V. C. B. Bergendahl, B. Lund-
berg, and L. Tibell. Benefiting from an open-
ended experiment? A comparison of attitudes
to, and outcomes of, an expository versus an
open-inquiry version of the same experiment.
International Journal of Science Education,
25(3):351–372, 2003.

[21] P. H. Sneddon, K. A. Slaughter, and N. Reid.
Perceptions, views and opinions of university
students about physics learning during prac-
tical work at school. European Journal of
Physics, 30(5):1119–1129, 2009.

[22] K. Dunnett, M. K. Kristiansson, G. Ek-
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