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Abstract—This study seeks to answer the question of how effectively stu-
dents can use their smartphones as tools for measuring and processing data
when they perform physics experiments. The research was conducted in a local
secondary school in Athens, Greece. The sample consisted of fifty-two 16-year-
old students (10th grade), who were divided into 26 pairs and asked to perform
an experiment using their smartphones for measuring, processing and saving
data, and then to email the data file to the researchers. During the implementa-
tion, each pair completed the steps on a worksheet. Two researchers monitored
each pair individually, and recorded scores and comments on evaluation sheets.
The worksheets, the evaluation sheets, and the experimental data emailed by
each pair constituted the data of the present study. The findings of the study
show that the integration of students’ smart mobile devices in the performance
of physics experiments in the classroom or in the school lab is possible without
posing particular problems. However, this integration presupposes the proper
planning by the teacher and the dedication of appropriate time both for the
preparation of students for the activity, and for the installation of the necessary
applications in the devices.
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1 Introduction

The fact that as early as 2014 in some of the most developed Western countries,
such as the United States, Germany, the United Kingdom and Japan, the number of
smartphones exceeded the number of desktop PC’s [1] vividly shows the degree of
penetration of these types of devices in our everyday lives. It is reasonable to assume
that since 2014, many more countries have been added to this group. The continuous
reduction in the cost of this kind of technology convinces us that sooner or later in
most countries smartphones will be used by almost everyone. Combining this devel-
opment with the fact that mobile devices are widespread especially among younger
people, the transition from the field of education that is usually called “electronic
learning”, or “e-learning”, to the new era of “mobile learning” or “m-learning”, be-
comes inevitable [2]. The assumption that such a transition is actually taking place is
also documented by the increase in the number of articles in the field of m-learning
worldwide. For example, Hwang and Tsai [3] found that the number of papers pub-
lished in the field of m-learning from 2005 to 2010 was four times higher than the
corresponding number for the years 2001 to 2005, and this increase continues [4].

Although there is an intense and evolving debate in the international literature both
on the definition of m-learning [5] and on the devices and applications that can be
included in this category of education [6] [7] [8], in the present work we will adhere
to the minimum common position that has been shaped by these discussions: Thus,
there gradually seems to be an increasing agreement among different researchers that
the field of m-learning includes devices which can be easily transported, due to their
small size and weight, while having the capability of wireless connection with the
World Wide Web (WWW). Typical devices that meet such criteria are mobile phones
(MPs) and tablets.

Several papers show that, despite some problems, such as distraction or small key-
boards [9], learning is aided by mobile phones, as long as appropriate rules have been
posed [10]. In addition to the general advantages of m-learning identified by different
researchers [11], such as learning without local and temporal limitations, connectivity
with the WWW, ease of data exchange in different formats such as images, videos,
texts, and so on, m-learning devices also have an additional advantage as far as sci-
ence education in general is concerned [4] [12], and especially in physics courses [13]
[14] and in the physics laboratory classes [15]. More specifically, we are referring to
the exploitation of the capabilities provided by the various built-in sensors that all
these mobile devices have, which are used to serve some of their basic functions. For
example, the acceleration sensor is used to change the orientation of the screen every
time a smartphone is rotated. Using appropriate applications, data can be extracted
from these sensors, which data can be immediately visualized with graphs on the
mobile device and often processed in order to obtain some preliminary results. The
multiplicity of the sensors in the modern MPs, such as light and sound sensor, gyro-
scope, magnetic sensor, and others, allow the conducting of experiments in different
areas of physics, e.g. mechanics [16] [17], optics and acoustics [18] [19], heat and
thermodynamics [20], and even in modern physics [21]. In addition, the easy, wireless
and seamless connectivity of these devices to the WWW can help teachers share the

56 http://www.i-jim.org



data with their students, create teams of students working collaboratively, and in gen-
eral interact directly with them. The review of the relevant literature [15] highlights
both the variety of the use of MPs and tablets in the school, and the development of
the educational research in the corresponding field: Thus, the integration of m-
learning into the educational process and the training of teachers in this field are now
considered necessary [22]. This specific use of mobile devices and the possibilities it
offers to students for conducting experiments when they do not have access to the
appropriate laboratory equipment seems to have been a solution that many teachers
resorted to during the recent COVID-19 pandemic [23].

However, in order to advance learning through the use of mobile devices, one of
the first and most basic problems that needs to be resolved is how to integrate m-
learning into education [1] in general, and into the science school lab in particular.
Among the different proposals that have been put forward, one is summarised with
the phrase “Bring Your Own Devices” (BYOD). It is a strategy that initially started in
the business sector and was then extended to other areas, including education [24]
[25]. It is worth remembering that an alternative idea, namely providing inexpensive
personal computers to students in developing countries, was proposed by N. Negro-
ponte in 2000, and began to be implemented in 2005 (http://one.laptop.org/). The
BYOD proposal has significant advantages for an educational system, including the
fact that students are already familiar with the use of their own devices, and that
schools are not financially burdened by the purchase of specialized laboratory devices
that usually come at a high price, although there are still other open problems with
BYOD that need to be overcome [26] [27]. On the other hand, of course, it is ex-
pected that the plethora of all these different devices that students bring to the class-
room, and which the teacher must coordinate during a laboratory course, may pose
significant problems, an issue that was examined by Kateris et al. [28]. The specific
way in which students’ mobile devices students are integrated into teaching must
therefore be studied in real-world conditions to detect any problems that may arise.

In this paper, we focus our attention on the practicality for taking measurements
using the MP sensors of the devices that students bring to the laboratory. The prob-
lems that are expected to arise may be due, on the one hand, to the differences be-
tween students’ devices attributable to different manufacturers, models, and software
and, on the other hand, to the ability of students to use the devices and the necessary
software when implementing the instructions of a worksheet. As far as regards the
first type of problems, i.e., problems due to device differences, previous research [28]
has shown that the teacher who implements the BYOD model will not encounter
particularly significant problems due to the plethora of students’ different mobile
devices. As for the second kind of problems, i.e., student’s ability to correctly use the
devices for measurement, there are no surveys focusing on the ability of students to
use the devices in a demanding sequence of experimental procedures in the context of
a physics laboratory. What is unique in this study is an attempt to provide information
on this issue.

There have been surveys focusing on students’ working cooperatively and the en-
hancement of their interest/ motivation [29] [30], reports of potential benefits from the
use of MPs in teaching and learning [31], as well as many suggestions for educational
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exploitation of the sensors of a MP for the presentation of physics experiments (e.g.
[16] [19] [32] [33]). The present study was designed to identify the technical difficul-
ties that students would encounter when conducting an experiment using their own
MPs in the school lab. A controlled environment was therefore chosen, where two
pairs of students successively performed the same experiment (about which they had
previously been instructed) in front of two of the researchers. The researchers moni-
tored each pair’s performance, and assessed them as they were carrying out the vari-
ous steps to successfully complete the experiment. Thus, the main question that the
present research is trying to answer is “To what degree are students able to use their
MPs to take measurements and process data in the school science laboratory when
following the instructions on a worksheet? ”

2 Materials and Methods

2.1  The selection of the experiment

The selected experiment concerned the measurement of the acceleration of a body
(a rectangular wooden parallelepiped) sliding on an inclined plane (the surface of a
desk), and the calculation of the coefficient of kinetic friction between the two surfac-
es. One end of the desk was raised, creating an inclined plane of inclination angle ¢.
Then, students attached their MP on the rectangular wooden parallelepiped and the
resultant body (parallelepiped + MP) was allowed to slide from the top to the bottom
of the inclined plane. The measurement of the acceleration (a), as well as the value of
the angle ¢, was accomplished using the accelerometer of the smartphone. The coeffi-
cient of kinetic friction can be calculated from the formula:

_ gssing-a
- g-cos@ (1)

This specific experiment was selected because it had been tested in a relevant study
and it was found that the measured values, from a variety of devices, did not have
statistically significant differences [28]. Another criterion for selecting this particular
experiment was the fact that not only did the participating students have to make a
simple measurement, they also had to follow instructions for a variety of procedures.
The specific procedures and steps are described in detail in the section “The Sample
and Preparation” but in brief, students were required to install multiple applications
on their MPs, learn how to handle them, obtain measurements of the angle of inclina-
tion and acceleration, adjust the settings on their MPs according to the specific task,
record, save, and send data in a specific format, and perform appropriate calculations.

2.2 The worksheet and the pilot implementation

To ensure better observation of students’ performance and obtain a more detailed
evaluation of possible technical difficulties they might encounter, it was decided that
the experiment should be performed by as small groups of students as possible, i.e.,
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by two students working in a pair. Then, a worksheet with nine steps was created, as
described below in the “Findings—Results” section. The worksheet was tested with
three groups of students to check for possible problems, mainly relating to the stu-
dents’ understanding of the given instructions. After the identification of some ambi-
guities and some points difficult for students to understand, improvements were made,
and the final form of the worksheet was prepared. One of the findings of the pilot
research that is worth noting was the problem students had in interpreting the acceler-
ation time diagram. In particular, they faced great difficulty in recognizing the area of
the graph on the MP screen where the body was sliding across the inclined plane with
constant acceleration. This difficulty may be attributable to the fact that the graph of
the actual experiment differs significantly from the theoretical graphs that the students
are familiar with. This problem was taken into consideration during the actual imple-
mentation, as mentioned below in the section “Implementation and Evaluation”.

2.3 The sample and the preparation

The sample consisted of fifty-two 16-year-old 10th grade physics students attend-
ing a secondary school in Athens, who were organized into 26 pairs. It is important to
note that all students were informed about the whole procedure before the implemen-
tation of the experiment during a one-hour briefing session.

Specifically, during the briefing session, the students:

e Downloaded and installed the necessary apps on their MPs: “Bubble level” (Gam-
ma Play/Android — Lemondo entertainment/iOS) and the “Sparkvue” (Pasco) app
for all operating systems.

e Became familiar with the “Bubble level” app so that they could measure the angle
of the inclined plane.

e Became familiar with the “Sparkvue” app so that they would be able to complete
the relevant steps in the experiment.

e Became familiar with the calculator app of their MP so that they could calculate
the sine and cosine of an angle.

2.4  Implementation and evaluation

Each pair of students performed the experiment “individually” (i.e., one pair in the
lab at a time) so that the researchers could record their performance and any possible
difficulties in detail. A worksheet with written instructions was given to each pair, and
they had to follow the steps to complete the experiment. Each pair used an MP be-
longing to one of them, in which the necessary apps had been installed during the pre-
implementation briefing. The performance of the experiment required the participa-
tion of at least two students, without it being possible for both of them to perform all
the operations on the MP at the same time. For example, one of the students released
the body from the top of the inclined plane, and the other had to catch it at the end of
its track. However, they were permitted to discuss how to adjust the settings on the
MP and how to process the data. Therefore, the evaluation focused on the collabora-
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tive result of the pair, and not on each of them individually, although observations
about cooperation and individual difficulties were recorded. It should be noted that in
the reality of the classroom or the laboratory, the experiments are performed by stu-
dents working in pairs or larger groups.

In order to achieve a more objective and transparent evaluation, two researchers,
each having a preliminary evaluation sheet, simultaneously monitored the successive
pairs of the students performing the experiment and recorded scores and comments.
These preliminary evaluation sheets contained the same steps as did the students’
worksheets. When each pair of students had completed the experiment and left the
lab, the researchers compared their preliminary evaluations, discussing their com-
ments and their points of agreement or disagreement in order to arrive at a final eval-
uation, which was recorded on a separate sheet. The students’ worksheets, the final
evaluation sheets, and the data emailed by each pair of students to the researchers
constituted the data of this research.

The present study explores the students’ ability to use their MPs for performing
experiments in the school lab and does not focus on conceptual difficulties. For ex-
ample, as had also been the case during the pilot implementation, students had diffi-
culty interpreting the acceleration time diagram. To overcome this, the researchers
intervened and provided the necessary explanations. Concerning the students’ ability
to use the devices to follow the instructions on the worksheet, the researchers assessed
students’ performance on the evaluation sheet based on a scale from 1 to 4, as well as
by making notes or comments about their observations. The assessment score of 1
corresponds to the cases where students were for some reason unable to perform the
step by themselves, and the intervention of the researchers was necessary in order for
the pair of students to proceed to the next step. The score of 4 corresponds to the cases
in which the students effectively and efficiently performed the experiment entirely on
their own. The scores of 2 and 3 refer to cases where students required some degree of
help or a reminder. Specifically, the following ten key points of the experiment were
assessed:

. Measurement of the angle of the inclined plane

. Starting a new experiment

. Setting of the measurement rate

. Setting the precision of the measurements

. Zeroing out the initial acceleration

. Starting data recording

. Storing/saving of data

. Calculating the average value of the acceleration
. Storing/saving of the changes to the graph

. Using of the MP’s calculator
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These points were incorporated into a series of nine numbered procedural steps on
the students’ worksheets, steps which are described in the “Findings-Results” section
below.

It is worth noting that a meta-analysis of both the completed student worksheets
(i.e., a check of students’ calculations) and the files of the “Sparkvue” app emailed by
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the students were taken into consideration for the final evaluation. For example, the
students had been asked to zero out the acceleration sensor when the body was placed
on the inclined plane. The meta-analysis of the data, and particularly the review of the
acceleration time graph, clearly showed whether (i) the students had correctly set the
acceleration to zero with the body on the inclined plane, or (ii) they had not done it at
all, or (iii) they had incorrectly done it with the MP on the horizontal plane (table).
Also, from the same graph, we were able to identify whether the students had chosen
the correct “Range of Interest” in order to calculate the average value of the accelera-
tion.

3 Findings-Results

The following are the findings for each step of the experiment procedure included
on the worksheet. An analysis of the scores is shown in Table 1.

Table 1. Scores of selected worksheet steps

% of % of % of % of
pairs rated 1 pairs rated 2 pairs rated 3 pairs rated 4

Step 3:
Calculation of angle ¢ 0% 0% 15% 85%
Step 4:
Sub-step 4.1:
Start a new experiment 8% 8% 8% 76%
Sub-step 4.2:
Set measurement rate to 1kHz 8% 4% 4% 85%
Sub-step 4.3:
Precision 0.01 m/s? 4% 15% 23% 58%
Sub-step 4.4:
Zero out the sensor 15% 4% 8% 73%
Sub-step 4.5:
Start Recording 4% 12% 15% 69%
Step 5:
Data storage 4% 0% 4% 92%
Step 7:
Find the mean acceleration value 12% 15% 38% 35%
Step 8:
Save changes 0% 0% 0% 100%
Step 9:
Calculations 0% 4% 23% 73%

3.1 Steps1and 2: Preparation

As mentioned above, the appropriate applications had been downloaded to the stu-
dents” MPs during the pre-implementation briefing. In steps 1 and 2, each pair of
students initially had to decide which of their two MPs they would use, and then
mount it onto the wooden parallelepiped, provided by the researchers, to create the
body that would slide down the inclined plane. The procedures involved in these steps
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do not concern the major questions of our survey, and therefore no grades were as-
signed, or corresponding findings recorded.

3.2  Step 3: Measurement of angle ¢

Students first had to launch the “Bubble Level” application on their MPs and place
the body they had created in Steps 1 and 2 at the top of the inclined plane (Figure 1).
Then, they had to hold it steady in order to find the angle of inclination ¢, using the
above-mentioned application which measures the inclination of the screen level of the
MP relative to the horizontal plane (Figure 2). When the body is placed on the in-
clined plane, with the y axis across the inclined plane, then the angle of inclination of
the y axis of the MP is the one to be recorded, while the angle of inclination of the x
axis is almost zero. The angle of inclination of each axis is shown as a positive or
negative value by the “Bubble Level” app, depending on the orientation of the MP
relative to the plane. Clearly, the absolute value must be recorded in the worksheets.
All the above points had been explained to the students during the pre-implementation

briefing.
‘"' B
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Fig. 1. The experimental setup

Findings: Twenty-two of the twenty-six student pairs (85%) received a grade of 4,
and the remaining four pairs a grade of 3. Students who received a grade of 3 had
some difficulty completing the worksheet on their own and had resorted to asking the
researchers for help in choosing the appropriate angle of inclination or recording the
negative sign of the angle of inclination.

It is worth mentioning that one pair of students thought that the height at which the
MP is placed plays a role in measuring the angle of inclination of the plane, and that
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the appropriate position for determining the measurement is at the lowest point of the
inclined level (i.e., it’s base). This finding, along with others presented below, demon-
strates some conceptual difficulties that students face and which need further investi-
gation, but are not the subject of this research.
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Fig. 2. Left, the MP’s x, y and z axes. Right, the inclination angles of the
MP’s x and y axes as measured with the “Bubble level” app

3.3 Step4d

In this crucial step, students were asked to complete tasks by using certain options
of the “Sparkvue” app, which required their following a procedure with five sub-
steps:

Sub-step 4.1: Start a new experiment: In this sub-step, students were asked to
start a new experiment to record the total (net) acceleration with a graph, using the
“Sparkvue” application. This application enables the recording of the acceleration in
each of the three axes (x, y, and z), as well as the total acceleration of the body as a
function of time.

Findings: A few pairs of students did not remember the procedure which had been
presented to them earlier during the pre-implementation briefing, requiring an inter-
vention from the researchers in order for them to proceed with the execution of the
experiment. Specifically, 8% of the pairs received a grade of 1 (i.e., they required
critical help), 8% received a grade of 2 (i.e., a reminder/ some help required), 8%
received a grade of 3 (i.e., simple confirmation of students’ questions), and finally
76% of the pairs received a grade of 4 (i.e., no help required).

Sub-step 4.2: Set measurement rate to 1 kHz: For the purposes of this sub-step
of the experiment, students had to set the measurement rate on the “Sparkvue” appli-
cation equal to 1 kHz.
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Findings: It is worth noting that the pairs that had difficulties in sub-step 4.2 also
encountered difficulties in step 4.1, leading to similar scores. Specifically, 84% of the
pairs received a grade of 4, 4% received a grade of 3, 4% a grade of 2, and finally 8%
of the pairs a grade of 1.

Sub-Step 4.3: Set the precision of net acceleration to 0.01 m/s2: Students had to
use the “Sparkvue” application to set the precision of acceleration to two decimal
places.

Findings: Fifteen student pairs (58%) received a grade of 4, while six pairs (23%)
received a grade of 3. The latter grade was assigned because three of the six pairs had
initially inadvertently skipped this sub-step, but were able to do it without help when
the researcher pointed out their omission, while the other three pairs asked for confir-
mation to perform the task. Five pairs (19%) had difficulty realizing that the required
precision in the measurement of acceleration is achieved by setting the number of
decimal places to 2, even though this procedure had been demonstrated and practiced
during the pre-implementation briefing. Of these five pairs, four received a grade of 2
(i.e., a reminder was needed), and one pair received a grade of 1 (i.e., the setting on
the “Sparkvue” application had to be adjusted by the researcher).

Sub-step 4.4: Zeroing out the acceleration sensor: In this sub-step, the students
were asked to “zero out”, i.e. reset, the acceleration sensor when the body was at rest.
If there is no zeroing out, the sensor also measures the acceleration of gravity.

Findings: The crucial point during the execution of this sub-step was for students
to zero out the acceleration sensor after the body had been placed on the inclined
plane and was kept at rest, a requirement which had been pointed out to students dur-
ing the pre-implementation briefing. One pair of students (4%) did not zero out and
were helped by the researchers (graded with a 2), while two pairs (8%) of students
asked for confirmation that they had to zero out when the body was on the inclined
plane (graded with a 3). The processing of the student graphs sent to the researchers
showed that 15% of the groups had zeroed out when the body was on a horizontal
plane (table) and continued the process, resulting in a systematic error in measuring
the mean value of acceleration (graded with a 1). The remaining 73% of the pairs
received the grade of 4.

Sub-step 4.5: Start recording: Students were asked to first start recording the ac-
celeration readings using the option provided by the application, and then to release
the body in order to move freely on the inclined plane.

Findings: During the experiment, three pairs of students (12%) did not remember
to start the recording, and were helped by the researchers (receiving a grade of 2),
four pairs of students (15%) asked for confirmation that they should start the record-
ing (graded with a 3), while the students in one pair let the body move without start-
ing the recording and, after the end of the descent of the body, they realized that the
acceleration values had not been recorded (graded with a 1), and were allowed to
repeat the experiment. The remaining 18 pairs (69%) received the grade of 4.
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3.4  Step 5: Storage of data

In this step, the students were asked to save the measurements as well as the graph
of the total (net) acceleration over time in a new file. The “Sparkvue” application uses
a specific file format with the extension “.spklab”.

Findings: This step was designed so as to provide the researchers with a complete
picture of all the data students had obtained during the experimental process in order
to evaluate them. During the experiment, one pair of students asked if they had to
save the data, receiving a positive answer from the researchers (graded with 3), while
one pair ignored the step (receiving a grade of 1) and subsequently repeated the exper-
iment. The remaining 24 pairs of students (92%) saved the data as specified in the
worksheet and received a grade of 4.

3.5  Step 6: Analysis of the acceleration graph

Students were asked to study the graph of acceleration as a function of time (Figure
3) and to determine not only the area of the graph indicating where the body slid
down the inclined plane, but also the area where the body was immobilized (by the
student at the base of the plane).

Findings: As previously mentioned, in “The Worksheet and the Pilot Implementa-
tion” section, the students had significant difficulty in interpreting the graph, a situa-
tion which was also evident during the actual implementation. However, since the
purpose of this study is to investigate the ability of students to use their MPs to com-
plete all the steps in the process of an experiment by following the instructions in a
worksheet, a goal that does not require students to understand the concepts involved,
the researchers intervened in this step and explained the form of the diagram to the
students. As already mentioned in the section “The Implementation and the Evalua-
tion”, this step was not graded (and therefore is not included in Table 1), but neverthe-
less gives rise to the reflection that will be developed in the section “Discussion and
Conclusions”.
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Fig. 3. Calculation of the average value of the acceleration
with the “Sparkvue” application
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3.6 Step 7: Finding the mean acceleration value

Students had to choose an appropriate scale and focus (zoom) on the graph on their
MP screens properly so that the area showing the movement of the body on the in-
clined plane was clearly visible at the point where a constant acceleration (plateau
area) was expected to occur. They then had to draw (by sliding their fingers on the
screen) an appropriate rectangular area (ROI-range of interest) which would include
the whole of the plateau or a sufficient part of it (Figure 3). Finally, using the appro-
priate tools of the application, the average value of acceleration in the chosen area
would be calculated automatically, and this value had to be recorded.

Findings: As mentioned above in the “the Implementation and the Evaluation”
section, the researchers conducted a meta-analysis of all the graphs submitted by the
26 student pairs after the experiment, at which time they assigned a final evaluation
score to step 7, taking into consideration the students’ conclusions and choices. Nine
pairs (35%) completed the step well and received a grade of 4, ten pairs (38%) whose
graphs had poor focus (zoom) or minor problems in the selection of the ROI were
graded a 3, four pairs (15%) who had major problems in the selection of the plateau
were graded a 2, and three pairs (12%), which had either not zeroed out the accelera-
tion at the plane, or chosen the point of impact of the body with the base of the in-
clined plane instead of the area where the acceleration was constant, received a grade
of 1.

3.7  Step 8: Saving changes

In this step the students were asked to save the changes they had made during the
intervening steps 6 and 7 to the original file they had created during step 5 (so that
their choice of the ROI and measured acceleration would also be stored), and then to
send this file via email to the researchers. As mentioned previously, the purpose of
this step was to provide the researchers with a complete picture of all the data ob-
tained by students during the process of performing the experiment in order to analyze
them after the experiment had been completed.

Findings: All 26 pairs received a grade of 4 as both the changes were saved cor-
rectly, and the data was sent to the researchers without problems.

3.8 Step 9: Calculations

In this last step of the process, the students were asked to use the mean value of the
acceleration (from Step 7) as well as the measurement of the angle ¢ (Step 3) to calcu-
late the coefficient of kinetic friction between the body and the inclined plane, using
equation (1).

Findings: The students used the calculator of their MP in scientific mode. Alt-
hough the conversion between rad and degrees of the angle measurement had been
explained during the pre-implementation briefing, one team could not perform the
specific conversions and was led to miscalculations before being assisted by the re-
searchers (receiving a grade of 2). Also, six pairs (23%) kept all the decimal places
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both in the calculation of the acceleration and in the calculation of the kinetic friction
coefficient (resulting in a grade of 3). The remaining 73% of the pairs completed the
operations and calculations without problems (receiving a grade of 4).

4 Discussion-Conclusion

The aim of the present work is to investigate the difficulties students face when
they conduct an experiment with the help of a “smart” mobile device that they bring
with them into the laboratory. It is important to note that the students were thoroughly
briefed by the researchers before the implementation of the experiment since we con-
sidered it necessary to provide detailed instructions and explanations relating to the
procedures, at least during the first application of the process in a classroom or in a
lab, as students were likely to be unfamiliar with the specific applications.

The data analyzed were the researchers’ assessments of students’ performance of
each step, the final evaluation sheets completed by the researchers who had monitored
the pairs of students and, finally the files that the students had emailed to the re-
searchers after the completion of the experiment. Based on these data, each pair was
evaluated on the various steps involved in the performance of the experiment, steps
which incorporate the ten key points mentioned in the “Implementation and Evalua-
tion” section above.

The analysis shows that the difficulties encountered by the students were mainly in
the steps requiring detailed manipulations on the screen of their MPs. Specifically,
these steps concerned the selection of an appropriate measurement rate and number of
decimal places in the acceleration measurements, as well as the correct selection of
the plateau area from the graph and the calculation of the acceleration. However, even
in these steps, most groups performed well or with little intervention from the re-
searchers. The steps which students found easier to manage were those of storing data
and saving changes, probably because they were familiar with these types of tasks
from experience with other applications.

In general, the students did not face any particular difficulties in performing the
experiment and, from our first assessment, were probably not presented with greater
difficulties than those they would have faced in a classic experiment with school in-
struments and devices that they had not used before. Of course, this latter conclusion
needs further corroboration. However, given that the students performed the experi-
ment using an MP for the first time, we consider it reasonable to speculate that if they
had used MP sensors more systematically to take measurements in the school lab the
results would have been even better.

As already mentioned, students encountered considerable difficulty in the interpre-
tation of the acceleration time diagram, which required the decisive intervention of
the researchers; this particular difficulty was not investigated in depth, as it was not
the aim of the present work. However, on first assessment it seems to be related to the
students’ difficulty in relating the concepts of physics as taught in class to their empir-
ical content. Also, in the case of MPs, the high frequency and accuracy of measure-
ments resulted in details that are not in line with the theoretical model that students
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have learned in class or from textbooks. For example, when the body slides down on
the inclined plane there are vibrations, and the kinetic friction coefficient may not be
constant; thus, the time acceleration diagram is not a constant function, as predicted
by the theoretical model. Therefore, a potential extension of the present research
would be to investigate the students’ difficulties in interpreting the data, resulting
from measurements made with applications that utilize the sensors of “smart” mobile
devices.

As the period of quarantine due to the covid-19 pandemic has brought to light, in
an environment of distance learning there is also a need for students to engage in
experimental work during a science course. The present study showed that a large
percentage of students are able to perform experiments in which they take and process
measurements using a MP by following the instructions on a worksheet. This gives us
a reason to think that with proper preparation, students could perform experiments
with simple materials at home, using their MPs to take and process the necessary
measurements. Students could then send the results, along with a video of them con-
ducting the experiment, to the teacher for evaluation. This is a research proposal that
we are already implementing.

The present paper is a case study involving a particular class of a secondary school;
therefore, it has certain limitations and the results cannot be generalized without pre-
cautions and further studies. For example, one obvious limitation is that although the
research was focused on the ability of students to use the devices in the context of a
physics lab, it was not carried out in real laboratory conditions so it was not possible
to check whether the teacher could respond to the coordination of a large number of
groups. However, the sample of 52 students is large enough to permit us to draw the
first conclusions. Thus, it may be worthwhile to repeat the research in a typical school
laboratory with all students of a class present in order to determine whether any prob-
lems may arise, such as students becoming distracted or the teacher’s coordination of
a large number of students [9] [27] [29]. Finally, as already mentioned, challenges for
future research concern students’ ability to perform experiments using MPs and sim-
ple materials, as well as student’s ability to interpret the graphs depicted on MPs
when using appropriate apps to take measurements.

In conclusion, we can support that the results of our study show that the integration
of students’ “smart” mobile devices in the performance of physics experiments in the
classroom or in the school lab is possible and does not present any particular prob-
lems. This conclusion is reinforced by the findings of previous research [28], whose
results show that the wide variety of students” MPs does not cause problems and does
not lead to statistically significant discrepancies in the results of the experiments.
However, this integration presupposes the proper planning by the teacher, and the
dedication of appropriate time both for the preparation of the students for the activity
and for the installation of the necessary applications in the devices.
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