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In its most general form, a ‘secret objective’ is any inconsistency between the experimental reality
and the information provided to students prior to starting work on an experiment. Students are
challenged to identify the secret objectives and then given freedom to explore and understand the
experiment, thus encouraging and facilitating genuine inquiry elements in introductory laboratory
courses. Damping of a simple pendulum is used as a concrete example to demonstrate how secret
objectives can be included. We also discuss the implications of the secret objectives method and
how this can provide a link between the concepts of problem based learning and inquiry style labs.

I. INTRODUCTION

An underlying assumption of much practical work in
physics courses is that it provides students with oppor-
tunities to develop practical skills (e.g.: equipment use)
or reinforces knowledge by allowing students to interact
directly with at least one physical realisation of the theo-
retical concept(s)1–3. In the former case, the introduction
unfamiliar equipment often leads to very precise scripts
that students follow slavishly to minimise problems they
encounter, while the latter type of laboratories may pro-
vide less procedural details, but usually lead to previ-
ously known results1. Laboratory work with the express
purpose of reinforcing lecture content is usually very pre-
cisely scripted, with very little scope for students to de-
viate from the instructions, and the aim is usually to
obtain a known result4. These ‘cookbook’ style labora-
tory tasks have long been criticised for the lack of critical
and independent thought that students need in order to
complete them3,5. More recently, the effect of different
styles of laboratory work on the development of expert-
like beliefs has been studied in some detail, with the con-
clusion that laboratory courses that allow for some el-
ement of independent inquiry promote the development
of expert-like beliefs6. On the other hand, very precisely
scripted laboratory work, where the students are merely
to demonstrate a particular phenomenon met in lectures
not only have ‘no added value’7, but may actually lead to
less-expert beliefs about the nature of experimentation in
physics and science in general6.

Any ‘experiment’ in a practical course can be placed on
a spectrum that ranges from the very constrained ‘cook-
book’ type to entirely independent. Several classification
systems exist8–10, that share a similar structure, identi-
fying features such whether as the outcome, method or
task are given as a means to quantify the level of in-
quiry in an experiment10. Introducing completely inde-
pendent inquiry work at the start of a degree scheme
is possible but requires careful alignment of the entire

programme of study. This may be challenging given con-
straints in courses with large theoretical components such
as physics, or where ‘advanced’ or independent practical
activities are assumed to require an high level of prior
theoretical knowledge and understanding. Although stu-
dents’ technical expertise may be cited as a reason for
‘cookbook’ laboratory tasks, it is unlikely that students
will master the desired skills to a level where they can
be used in very different or unscripted contexts without
the freedom to explore the assigned task and truly exper-
iment, and, as we demonstrate with the simple example
given here, genuine inquiry can be facilitated within very
simple experiments.

In this paper, we introduce the concept of ‘Secret Ob-
jectives’ as a means of facilitating inquiry and motivating
students to develop genuine inquiry attitudes in introduc-
tory physics laboratory courses. Students are explicitly
challenged to find the secret objectives in each experi-
ment. A simple damped pendulum experiment is used to
provide an example of how students can be introduced to
inquiry - with experiments that may be considered to lie
somewhere between inquiry and discovery type8 or be-
tween guided and structured inquiry9,10, but do not con-
fine students to explore in a particular direction - within
a fairly traditional teaching laboratory course. Key fea-
tures of this style of adapted experiment are the simplic-
ity of the implementation, which can often be achieved
by removing parts of ‘cookbook’ scripts that refer to the
nuances or modifying the experimental design so as to
not suppress imperfections. It is also possible that cur-
rent experiments can be used to create secret objectives
by observing behaviours that are ignored and/or com-
pensated for by the laboratory staff. We conclude by
providing some perspective connecting the secret objec-
tives concept introduced here to problem-based learning.
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II. SECRET OBJECTIVES

In its most general form, a Secret Objective is any in-
consistency between the experimental reality and the in-
formation provided to students prior to starting work on
an experiment. The example experiment described here
assumes that students complete set experiments with a
good amount of time, and have access to written mate-
rial (the ‘script’) that includes an idealised theoretical
description, basic data analysis, and an outline of the
experimental procedure. The script provides enough in-
formation for students to obtain data and perform anal-
ysis, thus ensuring that all students succeed at the ex-
periment. By advertising secret objectives, students are
challenged to critically consider their data and procedure,
and encouraged to look for where the theoretical descrip-
tion breaks down. This is a genuine inquiry activity and
training in research skills that can be introduced at the
very start of undergraduate studies due to its potential
application to even the simplest experiments and the in-
built requirement of experimental success.

The basic method by which secret objectives can be
introduced is straightforward: instead of designing ex-
periments so that any deviation of the data obtained
from the idealised theory is so small as to be obscured by
experimental uncertainties, imperfections in the exper-
iment that would usually be removed by design are in-
stead designed in, but the nuances not discussed in depth
in the supporting material. The most simple example is
to not highlight where students would get a ‘wrong’ an-
swer in a cookbook experiment or be walked through the
explanation of the inconsistencies in a ‘guided inquiry’
task, but to challenge students to acknowledge and ex-
plore this rather than ignoring or explaining away the
deviation. This requires a certain amount of care for two
reasons: the data should be fitted approximately by the
idealised theory within some range, and there must be
clear possible sources of discrepancy with unambiguous
and testable experimental signatures.

Not all secret objectives need to be known by the teach-
ing team before the start of the experiment, but there
should be at least one that students might be reasonably
expected to find; further secret objectives are likely to
be found by students investigating the one they identify
first. It is important to acknowledge that secret objec-
tives are personal and that the teaching staff only know
some of them to discourage students from believing that
there is a correct answer - or that there is a particular
point that the demonstrator team are expecting them to
find and investigate. Therefore, one important imple-
mentation point is that the course assessment should not
be on experiment completion or similar, but focus on skill
acquisition. For example, in the first year undergraduate
laboratories at UCL where secret objectives have been
developed, the assessment focuses on keeping a labora-
tory notebook and critical examination and exploration
of the experiment.

III. SECRET OBJECTIVES AND A DAMPED
PENDULUM

We use the example of a simple damped pendulum
experiment (sketched in Fig. 1 a) to demonstrate how
secret objectives can be introduced. In the typical set
up of the experiment, a bob of mass m is attached to a
pivot by a string is released from an angle θ away from the
vertical. Attaching a paper cone to the bob introduces
viscous damping, which leads to an exponential decay of
the amplitude of the oscillations, as sketched in Fig. 1
b11. This is the damping term most commonly described
in textbooks and lecture courses. However, another type
of damping, dry (Coulomb) damping, which leads to a
linear decay of the amplitude of the oscillations12, can be
introduced by making the pivot imperfect. The resulting
amplitude decay is sketched in Fig. 1 c.

One assumption in the description of an idealised pen-
dulum with viscous damage is that the pivot is friction-
less. The attachment of the pendulum string to the sup-
port rod is most simply achieved by threading the string
through a hole in the support rod; by providing a means
of securing the string, the length can be controlled eas-
ily. However, if the pendulum string is looped around the
support rod and fixed in place with a knot on the under-
side, there is the potential for additional dry (Coulomb)
damping due to friction as the string fibres rub against
each other and the support rod during oscillation.

Students might be required to identify which damp-
ing mechanism is dominant when the cone is added to
the pendulum bob as in Fig. 1, by comparing the data
collected with and without the cone. In a demonstration
type experiment, theoretical descriptions of both types of
damping would be included in the script and the data ob-
tained under different experimental conditions explained
as relating to one of the two damping mechanisms with
the origins given. If the script is read before or followed
during the experiment is started, all students are doing
is verifying a known outcome, acquiring little or no new
knowledge or understanding in the process. Secret ob-
jectives can be introduced by, for example, omitting the
details of the damping sources that may be present in
the system. Depending on their prior theoretical knowl-
edge, students may only be expecting viscous damping
from the cone. This can mean that if Coulomb damping
dominates, achieved by setting up the experiments with
a messy knot at the attachment to the pivot, students
will get an unexpected result which they may try to ig-
nore (if they have a strong pre-conceived idea of what
they expect to get) or they may even attempt to some-
how adjust the measurement data to fit what they think
should happen.

Once students have identified that the data does not
agree with a model of viscous damping, student investi-
gations could be expected to proceed in one of two ob-
vious ways from this point, although these should not
be considered restrictive, and reasonable (that is clearly
defined and realisable) student investigations in any di-
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FIG. 1. a) Diagram a simple pendulum system with the massive bob and damping cone with angular displacement θ. b)
Exponential amplitude decay as results from viscous damping from the cone; c) Linear amplitude decay as consistent with dry
(Coulomb) damping.

rection, even if likely to be fruitless, should be encour-
aged. Indeed, students should be given permission to
fail, with their assessment based on what they have done
rather than the completion of specific, predefined tasks
that they have been told to do. One possibility is that
students accept that the amplitude decay does not pro-
ceed as expected from viscous damping, perhaps remov-
ing the cone, and therefore look for an alternative theo-
retical description. Another possibility is that students
recognise that there is friction from the attachment of
the pendulum string and change the attachment accord-
ingly, restoring the near perfect system that occurs in
the description of viscous damping. In both cases, stu-
dents have found a secret objective. An important task
of staff supporting the experimental investigations is to
allow the students to decide what the problem actually is
and what they want to do about it. Students first iden-
tify a problem with the experiment, and then inquire into
its nature and the implications.

The challenge of finding the secret objective by hint-
ing towards missing information or non-standard results
is designed to make the experience of doing the exper-
iment more enjoyable by introducing a real element of
the unknown and allowing students freedom to modify
the experiments accordingly. In addition, a variety of
other issues or suggested avenues of investigation can be
brought to students’ attention, either via inclusion in the
script or by questions posed directly to students, perhaps
once they think they are ‘finished’.

This may be the first time that students have been
put into a position where they can explore and modify
experiments beyond the basic set-up that they are sup-
plied with. The missing details are important as they
give students permission to deviate from the laboratory
script. This fosters a spirit of investigation that should

be encouraged at every opportunity, particularly with
the demand from employers for analytical and problem
solving skills. Further, students can also investigate the
mathematical modelling of the system by producing a
model which they then use to predict the performance of
the pendulum under different conditions, highlighting the
link between theoretical and experimental studies within
physics.

Overall, any experiment designed with secret objective
can be particularly useful to introduce the importance
of observation during experiments and can be utilised
to open a discussion about the need to understand and
test the limits of a theoretical model, as well as the ex-
perimental set up. Secret objectives are also found the
minute students start considering the role and validity of
any assumptions they are making or using in analysing
the data obtained. In pendulum experiments, this is
present in the ‘small-angle’ approximation used in deriv-
ing the equations that describe the pendulum motion11,
regardless of whether or not the point has been discussed
in detail in the script.

The range of aspects that students can explore means
that they can discuss the experiment and their own in-
vestigations on a larger scale, perhaps formed of several
experimental teams of 2-4 students. This helps to show
students the strengths and weaknesses of theoretical de-
scriptions as well as fostering a culture of sharing ideas as
well as providing experience in communicating scientific
investigations.

By being open about the presence of inconsistencies,
students are prompted to be more critical about the data
they obtain and its interpretation. They should see these
deliberate omissions as challenges that develop their in-
vestigative skills as well as promoting ownership of the
experiments via personalised modifications. An observed
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limitation on the success of such experiments is that as-
sessment must be aligned to recognise and reward the
inquiry behaviours rather than emphasising task comple-
tion or record keeping13. The damped pendulum exam-
ple discussed here is a particularly simple example that
requires little, if any, specialised equipment not already
available in even high-school science departments. Other
topics for which an inexpensive secret objectives experi-
ment could be easily devised include investigations into
the conservation of momentum, friction and air resistance
in projectile motion, and resonance in operational ampli-
fiers to suggest just a few. In addition, experiments that
are difficult to set up in a way that the problems with
them are removed, and thus traditionally require detailed
discussions of the imperfections, naturally contain secret
objectives. Recognising and understanding the imperfec-
tions becomes, with the advertisement of the existence of
secret objectives, a part of the laboratory work without
modifying the experiments.

IV. CONCLUSIONS AND PERSPECTIVE

We have introduced the concept of ‘secret objectives’
advertising the presence of discrepancies between pre-
dicted and realised experimental data as a means of chal-
lenging and motivating students to engage in genuine in-
quiry behaviours in a laboratory course. Secret objec-
tives allow the structure of common teaching experiments
to be maintained, even to the outline of the method and
the approximate agreement between experimental data
and idealised theory, which both guarantees students’
success and simplifies implementation. The crucial factor

in successful implementation is time, with several labo-
ratory sessions devoted to each experiment being ideal.
The emphasis of the laboratory work is thus moved onto
creating habits of critical analysis of the data and devel-
opment of understanding rather than on the completion
of set laboratory tasks.

Outside of the unique environment of teaching labora-
tories, problem-based learning (PBL) is a popular teach-
ing and learning activity14,15. In most PBL scenarios,
the problem is usually stated and the students tasked
to come up with an appropriate solution or diagnosis15.
PBL is not common in physics, although it can lead to
improved conceptual understanding16,17. In particular,
there are known difficulties in the use of PBL in basic
science and engineering courses14 and its application to
theoretical work with a pre-defined outcome may not be
optimal15.

In pedagogical terms, the secret objectives concept
bridges the boundary between inquiry style laboratories
and PBL: when a secret objective - i.e.: ‘problem’ with
the experiment - is found, the students have created the
problem that might be considered the starting point for
a more traditional PBL activity. Thus, the secret ob-
jectives concept, as well as being useful on its own, can
also be used to quite naturally align laboratory courses
where students may struggle with a lack of structure to
an ethos that emphasises PBL, or even to effectively fa-
cilitate PBL in a consistent manner without disturbing
more traditional lecture courses. Importantly, secret ob-
jectives explicitly do not define a correct solution from
the outset, and are therefore free of an instructor as-
sumption that can occur in more strictly defined PBL
scenarios15.

∗ paul.bartlett@ucl.ac.uk
† kirsty.dunnett@su.se
1 J. F. Reichert. Two undergraduate microwave experiments

giving unexpected data. American Journal of Physics,
40(4):584–587, 1972.

2 A. Hofstein and V. N. Lunetta. The role of the laboratory
in science teaching: Neglected aspects of research. Review
of Educational Research, 52(2):201–217, 1982.

3 A. Hofstein and V. N. Lunetta. The laboratory in science
education: Foundations for the twenty-first century. Sci.
Ed., 88(1):28–54, 2004.

4 L. B. Buck, S. L. Bretz, and M. H. Towns. Characteriz-
ing the level of inquiry in the undergraduate laboratory.
Journal of College Science Teaching, 38(1):52–58, 2008.

5 C. Wieman. Comparative cognitive task analyses of exper-
imental science and instructional laboratory courses. The
Physics Teacher, 53(6):349–351, 2015.

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

7 N. G. Holmes, J. Olsen, J. L. Thomas, and C. E. Wieman.
Value added or misattributed? A multi-institution study

on the educational benefit of labs for reinforcing physics
content. Phys. Rev. Phys. Educ. Res., 13:010129, May
2017.

8 Daniel S Domin. A review of laboratory instruction styles.
Journal of chemical education, 76(4):543, 1999.

9 Randy L Bell, Lara Smetana, and Ian Binns. Simplify-
ing inquiry instruction. The Science Teacher, 72(7):30–33,
2005.

10 Laura B Buck, S Lowery Bretz, and Marcy H Towns. Char-
acterizing the level of inquiry in the undergraduate labo-
ratory. Journal of College Science Teaching, 38(1):52–58,
2008.

11 M. Alonso and E. Finn. Physics. Addison-Wesley, Reading,
MA, 1970.

12 L. F. C. Zonetti, A. S. S. Camargo, J. Sartori, D. F.
De Sousa, and L. A. O. Nunes. A demonstration of dry
and viscous damping of an oscillating pendulum. European
journal of physics, 20(2):85, 1999.

13 K. Dunnett, M. N. Gorman, and P. A. Bartlett. Assess-
ing first-year undergraduate physics students’ laboratory
practices: seeking to encourage research behaviours. Eur.
J. of Phys., 40(1):015702, dec 2018.

14 J. C. Perrenet, P. A. J. Bouhuijs, and J. G. M. M. Smits.

mailto:paul.bartlett@ucl.ac.uk
mailto:kirsty.dunnett@su.se


5

The suitability of problem-based learning for engineering
education: Theory and practice. Teaching in Higher Edu-
cation, 5(3):345–358, 2000.

15 M. Savin-Baden and C. Howell. Foundations of Problem-
based Learning. McGraw-Hill Education, Berkshire, UK,
2004.

16 M. Sahin. Effects of problem-based learning on university
students’ epistemological beliefs about physics and physics

learning and conceptual understanding of newtonian me-
chanics. Journal of Science Education and Technology,
19(3):266–275, Jun 2010.

17 H. Atan, F. Sulaiman, and R. M. Idrus. The effectiveness
of problem-based learning in the web-based environment
for the delivery of an undergraduate physics course. Inter-
national Education Journal, 6:430–437, Sep. 2005.


	Secret objectives: promoting inquiry and tackling preconceptions in teaching laboratories
	Abstract
	I Introduction
	II Secret Objectives
	III Secret objectives and a damped pendulum
	IV Conclusions and perspective
	 References


