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Elements of proper
conclusions
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Science & Engineering Education, Delft University of Technology, Delft, The
Netherlands

E-mail: c.f.j.pols@tudelft.nl

Abstract
Investigating first-year physics students’ ability to draw proper conclusions,
we analysed 87 conclusions from the same experiment. Through rankings by
teaching assistants we identified seven key elements of effective conclusions.
These findings reveal a significant gap in students’ skills, with about half of
the conclusions deemed inadequate. This study underscores the necessity for
targeted educational interventions to enhance conclusion-drawing
capabilities in physics education. The set of seven elements might provide
guidance to improve students’ ability to draw proper conclusions.

Keywords: physics education, scientific writing, inquiry

Supplementary material for this article is available online

1. Introduction
In experimental physics, clearly and concisely
communicating findings of an experiment, often
in the form of a technical or scientific report,
is an important skill [1–4]. However, students
at all ages have difficulty with writing concise
and clear reports [5–8]. Various issues that have
been reported in literature, have been observed
in our first-year physics lab course (FYPLC)
at Delft University of Technology as well. For
instance, our students have difficulty in deciding

Original content from this work may be used
under the terms of the Creative Commons

Attribution 4.0 licence. Any further distribution of this work
must maintain attribution to the author(s) and the title of the
work, journal citation and DOI.

what information to include and how to effectively
present that information. What is especially
striking in students’ first report is their inability
to draw proper conclusions. They often merely
restate the results, or draw superficial conclu-
sions that are not (optimal) informative. This
is in stark contrast with the idea that in sci-
ence, more (or the most) informative and gener-
alizable conclusions—those valid across multiple
contexts—are to be preferred for their broader
applicability [9, 10].

First year university physics students’ appar-
ent inability to draw proper conclusions may not
be surprising as it is known that secondary school
students lack this ability as well [8, 11, 12]. In
their study Pols et al [11] find that grade 10 stu-
dents draw conclusions that are superficial, unsub-
stantiated and without specification of limitations
to their validity or reliability. The authors attrib-
ute this inability to a lack of data-analysis skills

1 © 2024 The Author(s). Published by IOP Publishing Ltd
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and to a lack of relevance for students to produce
a useful and trustworthy answer to the research
question. In follow-up studies they found that
grade 9 students are able to understand that con-
clusions with more precision and details are more
useful and trustworthy and therefore preferable
[12]. However, the pupils still had difficulty in
producing themost informative, reliable and valid
answer to the research question within the given
constraints and limits imposed by the feasibility
of obtaining it [13].

Still, we may expect university students to
have progressed in the intervening years and to
have developed the data analysis skills that enable
them to draw informative conclusions. However,
our anecdotal evidence suggests that these stu-
dents may not be demonstrating this ability yet,
which provides a compelling rationale to further
investigate the matter.

Unsatisfied with the number of students—
after four hours of experimenting and many hours
on analysing the data and writing a report—that
draw conclusions that are superficial and qualit-
ative in nature, we here investigate in detail the
quality of their conclusion first. This first part of
the research should justify and quantify (or refute)
our hunch that the quality of students’ conclu-
sions is inadequate. If students indeed are unable
to draw proper conclusions, then it seems use-
ful to examine exactly what kind of conclusions
we are looking for in order to bridge the edu-
cational gap, enhancing students’ ability to con-
clude scientific inquiries meaningfully. Hence, in
the second part of the study, we aim to identify
key elements that constitute a proper conclusion.
Our study is guided by the research questions:

RQ1. What is the quality of first year physics stu-
dents’ conclusions?

RQ2. What elements are considered to constitute
a proper conclusion and what elements diminish
the quality?

2. Methodology
This explorative, single case, descriptive study
[14] consists of two rounds, summarized in
figure 1. In the first round the 23 teaching assist-
ants (TAs) of the FYPLC were given a small
subset of (anonymized) conclusions which were

Figure 1. The study consists of two rounds in which
teaching assistants are asked to rank a set of conclu-
sions, ultimately leading two a ranked set of top six con-
clusions. The teaching assistants provide reports on the
quality and elements that enhance or diminish the qual-
ity of the conclusions.

drawn by students in the previous year (see next
section). Each of the 87 conclusions was given to
at least two TAs. The TAs were asked to:

1. Rank the conclusions in order of perceived
quality (no further instruction given)

2. Indicate which conclusions were regarded
as insufficient—that is, would probably be
graded less than 6 out of 10

3. Use the ranked conclusion to indicate what
elements constitute a proper conclusion and
what elements diminish the quality of the con-
clusions

4. Send the responses to the teacher.

Ranking the conclusions and marking those
which are considered inadequate provides inform-
ation pertaining to RQ1. Identifying elements
that enhance or diminish the conclusion’s quality
provides information pertaining to RQ2.

The list of identified elements were then used
by the teacher to draw his own conclusion.

In the second round, the TAs were given the
top five rated conclusions and the teacher’s con-
clusion. The TAs were again asked to rank these.
Presumably the teacher’s conclusion was ranked
best as it constitutes all elements that were identi-
fied to enhance the quality.
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2.1. Educational setting and participants

The study was carried out at Delft University
of Technology’s FYPLC, part of the bachelor
applied physics program. This recently reformed
six ECTS course, focuses on developing inquiry
competences. In the initial four weeks, students
acquire basic programming skills in Python and
learn data visualization and analysis techniques.
In the next four weeks the focus is on data col-
lection, processing, and presentation, culminating
in their first experimental project. Here, students
are tasked with writing the results and conclusion
sections to complement provided introduction and
methods sections. Their reports are subsequently
graded.

The course is facilitated by two instructors
and supported by ∼20 TAs, who have completed
their first year and received specific training in
motivation, scientific writing, and lab work ped-
agogy. This study involved 23 TAs in the first
round and 17 in the second, with most being
in their third year or higher, indicating a well-
experienced group capable of assessing the qual-
ity of scientific reports.

2.2. Experiment

The analysed conclusions stem from an exper-
iment in which students investigate the relation
between the force between two magnets as func-
tion of their mutual distance, see figure 2. The
experimental setup and theoretical background is
described in detail in [15].

To increase the relevance for students to do
quality research and incite a need to produce a
proper conclusion, we make use of a real-life con-
text. Students are asked to validate a theoretical
model that describes the force as function of the
mutual distance of the magnets (F= α/

r4) in the
context of building a new Magnetic Levitation
(MagLev) train. It is said that such a model serves
as input for a simulation of the train’s driving char-
acteristics. No guidance on the criteria to assess
the validity of the model is provided. However,
prior to the experiment the students are told that
they can be held responsible for any severe con-
sequences that the outcomes of improper research
implies. In the given context the practicality of
consequences [16] demands high standards of

Figure 2. The experimental setup where students
investigate the relation between the forces (F) acting
between the magnets as function of their mutual dis-
tance (r).

validity and reliability of the evidence. Moreover,
when students discusswhat criteria to use, they are
asked whether they would board the train when
they know their suggested criteria are applied.

During the data analysis in the subsequent
lesson, various scaffolding questions are used to
help students analyse the data in various ways.
They should come to realize that the theoretical
model works well only for larger distances as the
model assumes zero size magnets. Ultimately stu-
dents should arrive at a conclusion as the one
stated below, written by the teacher:

This research was conducted to experiment-
ally validate a theoretical model—for the force
between two magnets as a function of their
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mutual distance—in the context of designing a
new MagLev train. From the analysis of the res-
ults, the expected fourth power relationship with a
small systematic error of 0.3± 0.1 mm was estab-
lished. Based on the established relationship, the
remanent field was determined to be 1.3 ± 0.2 T.
This does not conflict with the values specified by
the manufacturer of the magnets (1.29–1.32 T).
This validates the theoretical model for heart-to-
heart distances larger than 1.3 cm. Because the
distance of the magnets of a MagLev train is much
smaller (in the order of mm), further research will
have to focus on the validity of the model for these
smaller distances. As the spatiality of the magnets
is more important at smaller distances, this may
mean that the magnets can no longer be regarded
as a superposition of point dipoles.

2.3. Data collection and analysis

In the first round, each TA was given a set of eight
conclusions along with a description of the task.
Theywere asked to digitally hand in their rankings
and their answers to the questions:

1. Which elements or aspects enhance the qual-
ity of the conclusion (and do you thus want to
see reflected in other conclusions)?

2. Which elements or aspects diminish the qual-
ity of the conclusion (and do you thus not want
to see in other conclusions)?

To serve as input for the second round, the
rankings were globally evaluated. Using the TAs
input (and own experience) the teacher formulated
his own conclusion.

In the second round, the teacher’s conclusion
supplemented with the top five conclusions from
the first round, were given again to the TAs. They
were asked again to rank the conclusions. To com-
pare the quality of the conclusions, we conduc-
ted a quasi-quantitative analysis. Each conclusion
was given the value of its ranking position with
a score of 1 indicating the best conclusion and a
score of 6 indicating the worst. The average score
is regarded as a measure of the overall quality of
the conclusions. Additionally, the standard devi-
ation of the 17 scores per conclusion is regarded as
a measure of the consensus on which conclusion

was considered the best. Finally, the best ranked
conclusion is analysed to verify whether it indeed
contains the elements identified that are regarded
to enhance the conclusion’s quality.

3. Results
The results are presented in accord with the
rounds.

3.1. Round 1

In the first round the TAs were given a set of
numbered conclusions and were asked to rank
these, indicate which were seen as insufficient and
distil elements that constitute a proper conclusion,
and elements that diminish the quality of a conclu-
sion. The two conclusions with the lowest score
are shown below:

Example 1: From the data of the previous chapter
it can be concluded that the theoretical model of
a superposition of dipoles is valid to describe the
behaviour or two magnets at small distances.

Example 2: A reasonably good agreement was
found between the theoretical model and the
measurements, so we can say that the relation-
ship between the distance and force between two
magnets can be described according to the given
model. A match was found between the expected
and calculated value, but it probably has a sys-
tematic or some other error because it is not close
enough to the expected value.

Roughly half of the conclusions (51.7%) was
regarded as inadequate by the TAs. Important to
note here is that there was not always clear agree-
ment between TAs on which conclusions are inad-
equate. In three cases (one shown below) a con-
clusion obtained the highest and lowest score, for
example:

Example 3: In this report, a model based on the
superposition of magnetic dipoles is tested. The
relationship of the force between the magnets and
their mutual distance was determined by means
of an experiment. This relationship does not con-
flict with the value from the theoretical model. The
particular remanent field is also not inconsistent
with the theory, so the theoretical model would
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be valid. However, in a follow-up study, the dis-
tance should be determined more accurately to
avoid a large systematic error. The uncertainty in
the measuring equipment is also so great that a
follow-up study is recommended to calculate the
remanent field again with a reduced uncertainty.

The TAs who assessed this conclusion were
contacted and asked to substantiate their ranking:

TA1: Reading the conclusion again, I would score
it lower than I did, though I still regard it an
adequate conclusion. The conclusion was easy to
read. Its structure suffices as it contains the goal,
how this goal is achieved, and it includes results
and recommendations for future research.

TA2: I gave it a low score as I think the answer
to the research question is inadequate: they talk
about agreement with theory but the results upon
which this conclusion is based aremissing. I found
it difficult though to choose what is more import-
ant: an incomplete conclusion or a too long con-
clusion where elements are included which should
not be part of a conclusion.

Based on their rankings, each TA provided a
list of aspects they thought enhances the quality
of the conclusion. Two illustrative responses are
given—with between brackets the elements given
in the list below:

Response 1: Well-structured story that starts with
the research goal/question (2), briefly tells what
the results are and draws a logical conclusion (5).
The conclusion should provide enough informa-
tion so that the reader understands how the con-
clusion is logically deduce from the results (6).

Response 2: Answers research question (5),
present results (6) and compare with the theory,
repeat the research goal at the start (2), small dis-
cussion & recommendations (7).

From these responses, seven elements that
constitute a proper conclusion were drawn.
According to the TAs, a proper conclusion:

1. Can be read independently from previous text
(6×)

2. Restates the research question or goal (16×)
3. Reminds the reader of the study’s context (6×)
4. Describes the method briefly (4×)

5. Answers the question (using the given con-
text & reference to literature values if possible)
(14×)

6. Provides a substantiation for that conclusion
(8×)

7. Provides the main recommendations and sug-
gestions for future research (15×).

Elements 1 and 5–7 largely correspond with
the criteria in the rubric used in previous years:

Answers the key question correctly. Conclusions
follow naturally from the contents of the previ-
ous sections and are concise and accurate. Any
recommendations follow on logically from the
conclusions. Can be read as a text in its own right.
Contains no references.

The responses to the question what elements
diminish the quality of the conclusions were much
more diverse than the elements that enhance the
quality, as can be seen in the following responses:

Response 3: No references (1), useless improve-
ments such as that the heat had a huge influence
on the volume and that they should have prepared
the test better, spelling mistakes (5), no uncertain-
ties.

Response 4: Many storylines mixed up, so first ask
a question and then provide an answer to a differ-
ent question (2). No substantiation of the conclu-
sions, for instance saying that something is con-
tradictory without showing anything of a result.
Rather than making a logical story immediately
providing values so that you have no idea what
this has to do with the conclusion (4). Too much
focus on data analysis and too little on the real
conclusion.

A meta-analysis of these responses resulted
in the following list of elements that diminish the
quality of a conclusions, according to the TAs:

1. Too much extraneous information (7),
e.g. including repeating analysis (5×) and ref-
erences to information in text (13×)

2. Lack of clarity, e.g. vague conclusions (2×), no
substantiation of the conclusion (1×), unstruc-
tured conclusion (4×), and useless, farfetched
recommendations (2×)
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Table 1. The average ranking and standard deviation as
scored by the 17 TAs for the six conclusions in round 2.
A score of 1 would imply that all TAs ranked the con-
clusion as best.

Conclusion
reference number 90 36 22 74 5 67
Average ranking 1,65 2,7 2,9 3,2 5,1 5,4
Standard deviation 0,9 1,2 1,1 1,5 0,9 0,8

3. Missing elements, e.g. no answer to the
research question (5×) or missing an introduc-
tion (2×)

4. Not readable independently (6×)
5. General spelling and language errors (5×).

As might be expected, these negative results
correlate to the elements that enhance the quality
of the conclusion when observed from a positive
perspective. For example, not readable independ-
ently (neg. 4) relates to can be read independently
from previous text (pos. 1).

3.2. Round 2

Table 1 provides the results of the second ranking
task in which the TAswere given the five best con-
clusions and the teacher’s conclusion. As might
be expected, the teacher’s conclusion (no. 90) was
ranked best on average. Moreover, the standard
deviation indicates there is consensus between
TAs on which conclusion is best. Noteworthy
is that the standard deviation of the two lowest
ranked conclusion are small as well, implying that
there seems to be consensus on what conclusions
are least adequate. However, the average scores of
the middle three conclusions show minimal devi-
ation from each other, and all three exhibit a larger
standard deviation compared to the best and worst
conclusion. This observation suggests that differ-
entiating the quality among these conclusions is
more challenging.

In discussing the difficulty of ranking the con-
clusions the TAsmentioned that especially weigh-
ing is difficult: they have to decide whether a lack

of information is more important than providing
too much information.

3.3. Analysis of the elements

Below is again the conclusion as written by the
teacher. We analyse and present where and how
the seven elements that were identified as enhan-
cing the conclusion’s quality are included. By
starting the conclusion with restating what was
done and why—i.e. its context (2,3), the text
becomes independently readable (1). The answer
to the research question is given (5,6) (bold) fol-
lowed by a recommendation that fits with the con-
text (7). Moreover, a limitation to the validity of
the conclusion is presented in the last sentence
(which we here consider part of the answer to the
research question).

This research was conducted to experiment-
ally validate a theoretical model—for the force
between two magnets as a function of their mutual
distance—(2) in the context of designing a new
MagLev train (1,3). From the analysis of the res-
ults, the expected fourth power relationship with a
small systematic error of 0.3± 0.1 mm was estab-
lished. Based on the established relationship, the
remanent field was determined to be 1.3± 0.2 T.
This does not conflict with the values specified by
the manufacturer of the magnets (1.29–1.32 T).
This validates the theoretical model for heart-to-
heart distances larger than 1.3 cm (5,6). Because
the distance of the magnets of a MagLev train
is much smaller (in the order of mm), further
research will have to focus on the validity of the
model for these smaller distances (7). As the spa-
tiality of the magnets is more important at smal-
ler distances, this may mean that the magnets can
no longer be regarded as a superposition of point
dipoles (5).

One of the TAs, who did not consider
this conclusion the best, pointed out that the
description of the method is still inadequate.
Again, the issue of assigning weights to vari-
ous elements differed amongst TAs. Moreover,
the analysis above indicates that not all identified
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elements are independent on each other. For
instance, by providing the purpose and context
and research goal, the conclusion becomes inde-
pendently readable.

4. Discussion
At secondary school level, students frequently
engage in experimental work and are asked to
report their findings. However, merely engaging
in practical work and frequently writing a report
does not ensure that they are or become able to
draw proper conclusions when engaged in exper-
imental work at a later stage: roughly half of
the conclusions used in this study were regarded
inadequate (albeit assessed in a single case). This
indicates that students still lack a solid founda-
tion for drawing proper conclusions. At second-
ary school level, we may attribute this to their lack
of data-analysis skills [11]. However, our univer-
sity students were trained for three weeks to ana-
lyse data and should have attained the required
skills to make sense of the data. Therefore, the
limited quality of their conclusion is likely attrib-
uted to their understanding of the scientific pur-
pose of an experiment (to find and defend the
best answer obtainable in the given circumstances
[9]) and their understanding of what constitutes a
proper conclusion.

Hence, it is essential to enhance stu-
dents’ understanding of the scientific purpose
of an experiment and enable them to reflect
on the quality of conclusions. As there are
exist already activities that focus on the first
[12], we focus on the latter and identified in
this study which elements constitute a proper
conclusion.

Reviewing these elements, the first three (1.
can be read independently from previous text; 2.
restates the research question or goal; 3. reminds
the reader of the study’s context) show great
coherence. Given the typical reader’s approach—
first reading the abstract and, if intrigued, then
the conclusions before any other sections—it is
crucial that the conclusion be comprehensible
independently of the other sections. The conclu-
sion becomes independent readable if the study’s
context is summarized (what is the problem?) and

the main research question is repeated, though
not necessarily phrased as a question. Moreover,
the other four elements (4. describes the method
briefly; 5. answers the question (using the given
context & reference to literature values if possible;
6. provides a substantiation for that conclusion;
7. provides the main recommendations and sug-
gestions for future research) show coherence as
well and seem to be a further specification what
is meant by ‘conclusions with more precision and
details aremore useful and trustworthy’ (see intro-
duction). These four elements provide the ulti-
mate, warranted claim. It provides the informa-
tion that allows the reader to, provisionally, estab-
lish whether (s)he considers the claim valid. On a
more abstract level, these elements seem to con-
stitute the field-invariant elements of Toulmin’s
argumentation model [17]. The latter fits with the
contemporary idea that scientific inquiry can be
regarded as the building of a scientifically cogent
argument for a claim [18].

Although the first-year students were not yet
able to draw proper conclusions, the high degree
of consensus in the scores in the first round
amongst TAs demonstrates progress in their abil-
ity to recognize the quality of conclusions dur-
ing their studies. The presence of overlapping ele-
ments that either enhance or diminish the qual-
ity of conclusions further indicates the students’
growing capability to assess the quality of con-
clusions over time.Where, when and how students
develop these skills should be further investigated.
Especially since these students seem to have their
capabilities but not had these elements at their
disposal.

With these seven elements, we can design
educational interventions that support students
in developing their understanding of what is
regarded as a quality conclusions. We are in the
explorative stage of designing such activities and
study its contribution to students’ ability. This
seems especially required since conflicting rank-
ings still existed amongst more senior students.
Moreover, we asked our TA to rank the conclu-
sion and not write one themselves. Recognizing
quality is an important aspect, it does not guaran-
tee that students are able to independently draw
proper conclusions [13].
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5. Conclusion
As our first year physics students were seen
to have difficulty with drawing proper conclu-
sions, this study was set to identify elements that
constitute a proper conclusion of a student’s sci-
ence report with the aim to provide scaffolds in
teaching students to draw conclusions from their
experiments. Using two ranking tasks, TAs identi-
fied the best conclusions that were distilled from a
simple experiment conducted in a first year phys-
ics lab course. The analyses revealed that half
of the conclusions were deemed inadequate, sug-
gesting that students still lack a thorough under-
standing of the scientific purpose of an experi-
ment and the elements of a proper conclusion.
Furthermore, a further analysis of the ‘best’ con-
clusions led to the identification of seven elements
that enhance the conclusion’s quality.

The identification of these elements provide
a mere initial step in enhancing students’ ability
to draw proper conclusions. Based on these ele-
ments, we may design activities that help students
in gaining a feeling for the quality of conclusions.
I believe that there is somemerit in using the seven
elements as a checklist which can be used by the
students to evaluate their own conclusions, but
also believe that merely using these elements in
a checklist does not necessarily students’ ability
to write proper conclusions independently. How
to further scaffold students in writing proper con-
clusions using these seven elements, surely needs
further exploration.
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