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Abstract.
The paper describes some suitable methods of educational research for
determination of the gain of an activity, i.e., what students/participants of some
course/activity learned during that. An accurate approach to measure gain is
an usage of pre- and post-test, interview or questionnaire — the article briefly
summarizes these methods. There are often used concept tests/inventories which
should reveal the misconceptions of tested students. Further, we introduce our
plans on the translation of the Calculus Concept Inventory into Czech and the
intention to use the described methods on study of gain in Science Centres.

Introduction
There are many possibilities for the public to meet with some science outreach activities
(activities popularizing science). Very popular are Science Centres, which are in essence very
interactive science museums. Primary and secondary school pupils can also participate in many
competitions which should stimulate their interest in science. In central Europe, there is a “local
speciality”1 called Correspondence seminars. There are also one-day-events like the One Day
with Physics (Jeden den s fyzikou), the Masterclasses and many others. The year 2015 is
declared as The Year of Industry and Technical Education2 in the Czech Republic and society
is encouraged in development and participation in such events.
All activities mentioned above should contribute to teach participants something new and
changing the attitude of participants and motivate them — for example for choosing or even
changing the field of their next study. Very interesting topic to study is “efficiency” of these
activities. Their efficiency has three parts — gain (in the meaning described further), change
of attitude of participants and economical aspect. All three aspects are important but we’ll
consider only the first one in this article.
This article is a literature review focused on methods which can be used for measurement
of what the participants actually learned (called often gain), especially in the field of physics.
Research in the science education is concentrated on the schools and universities but not so much
to out-of-school activities. Therefore the methods mentioned further originate from researches
done in schools or in psychology.
There are also more methods how to estimate what did the participants learn (more for
instance in [Cumming, 2012]). We can investigate for example effect size. It can be used, for
example, Cohen’s d or eta-squared. But those numbers depend on the amount of participants
— the effect size grows with number of participant and this article is mainly about gain.
Some of described methods will be selected for the next study concerning the gain of Science
Centres, FYKOS’ camps3 and Masterclasses.

1

As far as author knows these activities are typical for The Czech Republic, Slovakia and Hungary.

2

Web page: http://www.rokprumyslu.eu/.

3

FYKOS is abbreviation from Fyzikálnı́ korespondenčnı́ seminář — this name could be translated as Physics
Correspondence Seminar. It is an activity for gifted high school students in Physics. The web pages of this
activity are http://fykos.org.
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The main approaches and terms
Definition of gain
The word gain has many slightly different meanings in English, so we define it for our
purposes here. For standardized test, we can use definitions from [Hake, 1998]
• Average gain hGi for a course (analogically for an activity) is defined as
hGi = hSfin i − hSin i ,
where hSin i is average initial score (from pre-test) and hSf in i is final class (group) average
(from post-test).
• Average normalized gain hgi for an activity is ratio of the actual average gain hGi to
the maximum possible average gain hGimax = Smax − hSin i, where Smax is the maximum
possible score. We can write
hgi =

hGi
hSfin i − hSin i
=
.
hGimax
Smax − hSin i

This definition is sometimes called Hake’s average normalized gain.
We can modify these definitions for individual ones this way
• Individual gain Gi for a student (or a participant) is
Gi = Si,fin − Si,in ,
where Si,in is participant’s pre-score and Si,fin is participant’s post-score.
• Individual normalized gain gi for a participant is
gi =

Si,fin − Si,in
.
Smax − Si,in

Individual gain and individual normalized gain can be used only for information for the
specific participant or for qualitative research approach. For quantitative approach are used
only the average gain and the average normalized gain.
Pre-test has to be prepared in the way that no pretested subject would receive Smax , unless
he/she has absolved similar activity. In the case that Si,in = Smax , the normalized gain could not
be even defined. The post-test should be also stratifying in accordance to what the participant
really learned. The tests used as pre-test and post-test has to have high validity and reliability
so that the gains have the intended meaning and are not only some random numbers (due to
high error of measurement).
For usage in this article, we generalize the meaning of word gain. Gain of activity is what
participants of some activity learned thanks to take part in this activity during that activity.
This enables us to use this word also in the context of the qualitative research methods. In
some articles, the term added value could be used instead of the term gain.
Description of literature search
Research methods were searched in literature by several means described in the list below.
• There were at first searched some general oriented publications like [Fraser et al., 2011],
[Bell, 2010], [Gavora, 2010] and [Ferjenčı́k, 2000] for making a basic overview of methods
often used in the education and the psychology research.
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• Several searches were done on the Web of Science TM 4 , one of them is described here.
Purpose of this search was to find what methods were really applied on research of physics
activities in recent years. Also it was a way to find some new and not yet cited articles.
More searches were conducted, but we present here only this one. It’s parameters were:
topic — gain, physics, education method; years of publication — 2005–2014. In sum,
48 results were found and all abstracts of them were analysed. Some of them were not
relevant for this topic, some of them were using the same methods and some of them are
cited further.
• Other searches were also conducted on the Web of Science TM and the Google Scholar
concerning specific activities such like “Science Centres” and “Masterclasses.”
• Some contributions of previous years of Week of Doctoral Students in the branch f12
were searched. Also some additional resources were added on basis of consultation with
colleagues from Department of Physics Education and communication with Czech Science
Centres itself.

Results
From the various range of research methods those were selected that can us give information
about (average or individual) gain.
Quantitative vs. qualitative research
As already mentioned, the gain is well defined for quantitative methods. We can use for
it definitions for average gain and average normalized gain. If we have sufficiently large and
representative sample, we can generalise and predict for activities under similar conditions. But
if we decide to use quantitative approach we loose particular information about individuals, we
cannot study context so deep as it could be studied by qualitative methods. So for our purposes
it seems to be the best to choose mixed research, combining the qualitative and quantitative
methods of research.
Observation
Observation is in its nature more qualitative method but if we use coding it could be more
quantitative. It’s not a good method for obtaining the average normalized gain because the
determination, whether the participants really understood the concepts which were described
to them solely from the observation, is complicated.
But this method shouldn’t be completely discarded because it can be a useful complement
to other methods. Observation is for example used in Science Centres, as author was informed
by one of the employees of on of the Czech Science Centres, for determining whether concrete
exhibit is popular and the visitors are working with the exhibit correctly. Science Centres often
use some kind of an automatic evaluation of number of visitors visiting some exhibit each day
and average time spent with the exhibit. They than evaluate it and change the composition of
exhibits, modify them or exclude some exhibit from the exhibition.
Interview
Many kinds of interview do exist. In psychology, even technique using open associations
can be called an interview as states in [Ferjenčı́k, 2000]. That’s obviously the most qualitative
interview which could be made. But more common is to divide interview in these next kinds
(from the most qualitative to the most quantitative one) [Dawson, 2007]
4

http://apps.webofknowledge.com
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• Unstructured interview or in-depth interview — there are no prepared questions for such
interview, only a general area of interest, the interviewer has to be as adaptable and open
as possible has to let talk the interviewee freely.
• Semi-structured interview — there are prepared several general questions or areas, interviewer gives the interviewee some liberty but in the case that the interviewee is turning
away from the topic, interviewer asks question about topic of interest and returns to the
prepared questions or area.
• Structured interview — all the questions are prepared. The questions can be either openended or even close-ended. Researcher is just asking for the specific prepared answers and
is leading the interview.
To be an interview is considered often just face to face conversation among interviewer
and interviewee but [Ferjenčı́k, 2000] points out that an interview could be also other kinds
of communication between researcher and surveyed participant — for example questionnaires,
tests.
If we want really to study gain, we have to make an interview before and after activity. If
only interview afterwards is possible, we can at least qualitatively describe at least what the
interviewed participant thinks he/she learned (but not actually what he/she precisely learned).
For example, the research of [Falk, Storksdieck, 2005] uses the standardized interviews and
the observation of visitors of Science Centre.
Questionnaire and tests
Questionnaires could be regarded as kind of standardized or structured interview [Ferjenčı́k,
2000]. However the researcher automatically looses an information about the participant which
could be recorded in interview, like the facial expression of interviewee.
Many kinds of questions can appear in a questionnaire and the closeness of these questions
determines the degree of quantitativeness of the questionnaire.
There can be many kind of tests. The “best ones” are the standardized didactic tests.
But there are numerous test made by teachers with the the objective to mark their students.
These tests can be used for studying gain if they are validated and if they have sufficiently high
reliability.
Concept inventories
Concept inventories or concept test are standardized test specialized in testing conceptual
understanding of some topic. Concept test arise from constructivism. The theory states that
the students bring to education their prior knowledge and experiences [Skalková, 1999]. These
are usually called preconceptions. In the case that the preconceptions are not in accordance
with the scientific theories, they are called alternative preconceptions or misconceptions.
List of some existing concept test can be found on [NC State University, 2015] (in English)
or on [Projekt KEGA, 2015] (in Slovak).
Application of various concept inventories can be found in numerous articles, for example
[Thacker at al., 2014] inform us about simultaneous usage of the Force Concept Inventory, the
Brief Electricity and Magnetism Assessment, the Mechanics Baseline Test and the Conceptual
Survey of Electricity and magnetism for several years.
Concept test are often used when the traditional teaching methods (T; like “talk and chalk”)
and the interactive engagement methods (IE; like peer instruction [Crouch, Mazur, 2001]) are
compared. Most of the articles emphasize that IE methods of instruction have greater gain
than T. But article [Ding et al., 2008] warns that the results of an application of a concept
test depend on the conditions used and article of [Franklin et al., 2014] further warns that the
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difference between the T and IE is maybe more the duration of learned information. It claims
that IE education has more long-term effect.
From the point of view of the informal activities, these test are often too long to be used
there (more than 20 minutes) and are not adapted for the use of the pre-test and post-test the
same day.
The Force Concept Inventory. The Force Concept Inventory is one of the most known
concept inventories. It can also be one of the most used ones and became the concept test
towards which are other concept test judged. It’s topic is conceptual understanding of Newton’s
mechanics.
Evidence that with this concept inventory is still worked, is for example the article of
Dividing the Force Concept Inventory into two equivalent half-length tests [Han et al., 2015].
The Thermal Concept Evaluation. The Thermal Concept Evaluation is one of the
concept inventories and is focused on detection of misconceptions or false preconceptions in
thermodynamics. It was translated and piloted by our faculty in 2013 [Kácovský, 2013].
The Calculus Concept Inventory. The Calculus Concept Inventory (CCI) tests the
conceptual understanding of basics of calculus — especially the derivatives [Epstein, 2007],
[Epstein, 2013]. We have obtained the original English version an permission for translation
into the Czech from the author.

Future plans
Our team would like to use standardized interview and questionnaires in the Science Centres. At first, we are going to concentrate more on the scientific program which are Science
Centres preparing for schools. The ideal is to make pre- and post-visit interviews with representative sample of regular visitors of one of the Science Centres in the Czech Republic. But
the used questions should be as short as possible, due the relatively low motivation of visitors
for long answering in such surveys. The questions should be similar to the ones in concept
inventories because we would like to determine whether the exhibition leads to the conceptual
understanding.
The CCI is going to be used on FYKOS’ camps. The reason for that is because the
derivatives are one of the basic math skills which is need to be mastered for mastering of college
level of physics which is often taught there. Later we’d like to apply it also in calculus courses
at our faculty.

Conclusion
This paper summarized some useful methods for the gain investigation. Most used and
probably most valid and reliable are the concept tests. These are important also because of
their approach to the revealing conceptual (mis)understanding of the chosen topic. But the
concept inventories has to be correctly used and the conditions of testing has to be described
well. As a result, we are going to translate the Calculus Concept Inventory and use it on
FYKOS’ camps for high school students and calculus courses on our faculty.
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