Data-analysis in practical work, what do students know?
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Although literature indicates that practical work is often not efficient, it is still common practice in
secondary school physics. In order to improve the learning outcomes of these activities, we
investigated students’ ability to process experimental data and draw conclusions out of these
datasets using thinking-out-loud and practical tasks. We expected that the lack in data-analysis
skills may be a major barrier in learning from experiments. Both the activities show that students
encounter various problems, often do not know how to process data and draw valid conclusions. A
lack of data-analysis skills may therefore be a barrier in learning indeed.

1 Introduction
Practical work is frequently carried out in secondary school physics for various reasons.
Although these activities illustrate the empirical nature of physics [1], enhance the link
between theory and practice [2] and learn students how to work scientifically, they often have
limited learning outcomes. The same results could be achieved with less costly and time
consuming methods [3,4]. The challenge is to improve the way practical work is executed.
When the practical task focuses on establishing a relationship between two physical
quantities, a proper data-analysis is essential. However, students usually encounter various
problems and difficulties [5]. If students do not know how to process data to establish a
quantitative relationship, the learning goals may not be achieved. Hence, the lack in dataanalysis skills might be a reason for the limited learning outcomes.
In this study we investigated students’ ability to process experimental data and draw
conclusions out of datasets. In earlier studies the focus has been on students’ knowledge of
the validity and reliability of data [5,6] but these studies did not investigate the next step in
which the processing of data is central. The main question in this study is: How do students
who have chosen a science-based lesson program, analyse experimental data and what is the
quality of that analysis?
2 Theoretical background
At the age of 15, students in the Netherlands enter upper secondary education and choose
one of four profiles. Science is central in two of these profiles and students are therefore
expected to work more independently when doing practical work. Various physics curricula
describe which data-analysis skills students at that age should possess [7,8]. Using these
curricula, ten data-analysis skills students ought to possess are distilled, see table 1. In this
study, we assess students’ ability to use these skills.
Table 1: According to literature, students aged 15 should possess these ten data-analysis skills [7,8]
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Visualise data graphically
Use theoretical models to infer whether a line should go through the origin
Draw a line of best fit through a data set and articulate that choice
Distinguish a linear relation from others
Qualitatively describe a dataset or trend
Qualitatively describe similarities and differences between datasets
Draw a conclusion which is supported by the dataset
Indicate restrictions concerning the data-analysis and conclusions
Estimate the value of a point within the range of available data (interpolation)
Estimate the value of a point outside the range of available data (extrapolation)

3 Method
This qualitative study was conducted in the first two months of the schoolyear 2017/2018,
with two different physics classes and a total of 51 students. Student pairs analysed three
graphs in a thinking-out-loud task and executed three in-class practical tasks in which
experimental data was processed to establish relationships between physical quantities. Data
were collected by using audio recording and using pre-set lab journals in which students
showed their know-how. The quality of their analysis was determined using the Toulmin
argumentation model [9], scientific conventions regarding constructing graphs [10], and a
protocol for analysing experimental data [11].
4 Results
Almost every student was able to visualise the data in a graph that meets the scientific
requirements. However, students perceived describing the dataset as difficult. This is reflected
by the fact that they often did not mention all essential features of the dataset. Determining
and consecutively using the line of best fit also caused many problems. Students hardly knew
what to do after the data were visualised. They often drew a straight line through a dataset
where a curved one would fit better. When extrapolating, they frequently used a directly
proportional relation even though they had previously indicated that it was not a linear
relationship. Their conclusions were supported by the data most of the time but remained
superficial and incomplete.
5 Conclusions and implications
Although the various physics curricula indicate what teachers may expect of students, the
students hardly master the aforementioned data-analysis skills. It is therefore not surprising
that the learning outcomes of practical work are limited when students lack the essential skills
but still have to apply them independently. We therefore recommend to develop these skills
before, gradually, executing more ‘open’ practical tasks. Some opportunities to enhance these
particular skills were found in this study.
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