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Abstract
It is a challenge at times to include probability
and statistics in electrical engineering courses.
In this student experience, experimental data
was compared to statistical analysis in an
Introductory Electrical Circuits Laboratory
Experiment.
Experimental data often are used to
supplement engineering analysis as a basis for
design. Not all data are equally good: errors
are a part of every engineering experiment.
Gross errors and statistical errors comprise the
two major groups of experimental error. Gross
errors are due to mistakes made by the humans
that conduct the experiments and tests. An
example of a gross error is reading the
incorrect scale on a meter. Statistical errors
are due to randomness in measurement
processes, component values, and equipment
inaccuracies.
The goal of this experiment in the
Introductory Electrical Circuits laboratory
was to estimate the uncertainty in
experimental measurements and calculated
results due to random errors. Single resistor
variations in DC electric circuits was used to
determine variable uncertainty intervals. The
data was used to determine errors in variable
values and their effect on measured quantities.
Each group’s measured values were recorded
and histograms of those values were plotted.
They were then compared to the data collected
by the entire laboratory section and composite
histograms produced. Experimental results
*
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were then compared to the results of a
MultiSim Monte Carlo circuit simulation.
This paper presents the laboratory experiment
and procedure, results of student experiments,
and assessment of student learning in this
required sophomore engineering class and
laboratory.
I. Introduction
Experimental data often are used to
supplement engineering analysis as a basis for
design. Lower level engineering students are
typically not aware that not all data are equally
good and that errors are a part of every
engineering experiment [1]. Gross errors and
statistical errors comprise the two major
groups of experimental error. Gross errors are
due to mistakes made by the humans that
conduct the experiments and tests. An
example of a gross error is reading the
incorrect scale on a meter. Statistical errors
are due to randomness in measurement
processes, component values, and equipment
inaccuracies [2].
Statistical error can be further subdivided into
fixed errors and random errors. Fixed (or
systematic)
error
causes
repeated
measurements to be in error by the same
amount for each trial and can be removed by
proper calibration or correction. Random error
(non-repeatability) is different for every
reading and therefore cannot be removed. The
factors that introduce random error are
uncertain by their nature. The objective of

error analysis is to estimate the probable effect
of random errors in experimental results.
Such error analysis can be performed either
analytically or through simulations methods
[3][4].

to increase data sample size was to compare
results with other laboratory teams in the class
session. Results from each team were
presented to the whole class and the overall
statistical results derived for the experiment.

A number of studies have investigated the use
of Monte Carlo simulation in undergraduate
level courses [4-7]. These studies apply
Monte Carlo analysis in a variety of courses
from electronics [4, 5] to electromagnetics [6].
The circuits used in these studies are mainly
for higher level (junior and senior level)
courses. In addition, the studies focus
primarily on the Monte Carlo simulation
method without experimental comparison.

Students were
information:

In this paper a simple laboratory exercise was
devised for sophomore-level engineering
students in a basic Electrical Circuits course.
multiple data readings were taken on the same
electrical circuit, both by individual
laboratory groups and by multiple laboratory
groups, and the variation in results was
compared to Monte Carlo analysis of the
circuit using Multisim.

Step 1. Estimate the variable uncertainty
interval: For many electronic components,
manufacturers supply this information. For
example, resistor value tolerances are
specified by their color code (i.e., ±5%).
When that information is not given,
estimation is trickier. In the case of instrument
readings or settings, a reasonable estimate is
often ± half the smallest scale division or, in
the case of a meter, ± half the last unchanging
digit.

In order to judge the efficacy of this
experiment to help students understand
experimental errors, the students completed
anonymous short survey instruments before
and after the laboratory exercise. The change
in group statistics was tabulated along with
individual incremental changes. Results show
this exercise to be beneficial for the students.

given

the

following

The procedure for estimating this uncertainty
has two steps:
1. Estimate the uncertainty interval for
each variable quantity
2. Analyze the propagation of uncertainty.

Step 2. Analyze the propagation of
uncertainty: Errors in variable values have a
direct effect on measured quantities. Consider
a simple series connected resistor consisting
of three resistors and a voltage source
connected (Figure 1).

II. Experimental Goals
The goal of the student exercise is to estimate
the uncertainty in experimental measurements
and calculated results due to random errors in
the introductory electrical circuits class. It is
assumed that experimental procedures and
proper instrument calibration have eliminated
fixed errors so that only random errors remain.
Of concern in statistical analysis when there is
limited time is the size of the sample. One way
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Figure 1. Series Connected Resistor Circuit

A. The Experiment
•
•
•

•

•

Connect the circuit of Figure 1. Use
the following values for the resistors:
R1=10W, R2=15W, R3=27W.
Using a DMM, accurately measure the
voltage across the power supply, the
three resistors, and the ammeter.
Calculate, using Ohm's Law, the value
of the current in each of the resistors.
Compare the results of these
calculations to the reading in the
ammeter - comment on the findings.
The ammeter has an equivalent
internal resistance (the ratio of the
voltage across it to the current through
it): find the value of the internal
resistance for the ammeter.
Add the voltages across the resistors
(remember polarity is important!) to
the voltage across the ammeter - is the
result the same as the supply voltage?

B. Error Estimation
•
•

•

•
•

For the circuit shown in Figure 1,
measure the current in the circuit using
the ammeter.
Collect 5 additional 15W resistors.
One at a time, replace the original 15W
resistor with another 15W resistor and
repeat the current measurements.
Calculate and record the mean and
standard
deviation
of
these
measurements.
Compile all current measurement data
from other groups and create a
histogram of the measured current
value.
How does the data compare to that of
the entire class?
Use Multisim to simulate the same
process using Monte Carlo Analysis
and single resistor variation. Compare
simulation results to experimental data.
Detailed steps on performing Monte

Carlo Analysis in Multisim are as
follows:
- Click on the resistor R1 to access its
properties and set its tolerance to 5%.
Set all other resistors to 0% tolerance.
- Perform a Monte Carlo analysis in
Multisim by selecting the Simulate
menu and the Analysis sub-menu, and
then Monte Carlo. In the Montel Carlo
simulation menu, select DC Operating
Point and number of runs (in this
experiment it is 5 runs).
III. Assessment
In the Spring semester of 2018, 52 students
enrolled in the sophomore level electrical
circuits laboratory sections completed the lab
assessment. Preliminary student assessment
of the student perceptions and understanding
of Monte Carlo Analysis as applied to
electrical circuits is summarized here.
The primary aim of this study was to assess
student understanding of component variation
in an electrical circuits laboratory experiment.
The assessment was completed by entire
sections of the laboratory component of the
electrical circuits course to assess their
understanding of component variation in
electrical circuits.
Short questionnaires were designed to provide
insight into the student level of knowledge
and confidence in the circuit theory and
experimental design for the assigned lab
experiment for the students. At the beginning
of each lab, students were asked to score (on
a scale from 1 to 5) their prior knowledge. To
provide further insight into actual student
knowledge level, students were asked to
respond with a short answer to the knowledge
questions. After the design exercise was
completed, the questionnaires were again
completed by the students and the post-

The knowledge score was based on the
following scale:
1 = No Clue, I have no idea if I can apply the
concept.
2 = Low, I have heard of the concept, but have
little confidence that I can apply it.
3 = Moderate, I think I understand the concept,
but am unsure about applying it.
4 = High, I am fairly sure I understand the
concept and am fairly sure I can apply it.
5 = Superb, I am very confident that I
understand the concept and can apply it to a
new problem.
The results of the Spring 2018 confidence
survey using Monte Carlo methods follow.
Two-tailed T-tests were run on the paired sets
of data (pre and post). In all cases the change
in mean was determined to be significant: the
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1. What is a good way to measure
resistance value?
2. When measuring voltage across or
current through a resistor, what
instrument would you use?
3. How should power absorbed by a
resistor be measured or calculated?
4. What is the Monte Carlo Method?

What is a good way to measure resistance
values? Change in mean +0.94
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When measuring voltage across or current
through a resistor, what instrument would
you use? Change in mean +0.61

Percentage

The following four questions concerning
knowledge on voltage and current
measurements, as well as Monte Carlo error
estimation method were asked before and
after the lab exercise:

probability that the means were alike was less
than 0.00015 in all cases.
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exercise written responses were used to
measure changes in knowledge level. In order
to track individual student incremental
changes, the surveys were stapled together by
each student thereby preserving student
anonymity. The use of student-assigned
scores to assess gains in student knowledge
and confidence has been successfully used by
the investigator team in previous studies by
Schubert, et. al. [8][9].
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How should power absorbed be measured or
calculated? Change in mean +0.86
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The confidence score was based on the
following scale:
1 = No clue, this concept is new to me.
2 = Low, I have only heard about the concept.
3 = Moderate, I know about the concept, but
have not applied it.
4 = High, I know the concept and have tried it.
5 = Superb, I know the concept and have
successfully applied it.
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The distribution of students’ answers on their
confidence before and after the exercise for
Spring 2018 are shown below.
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Another portion of the questionnaire was
designed to assess student confidence
concerning applying measurement and Monte
Carlo methods before and after the lab
exercise:
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I can measure voltages and currents.
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I can use Ohm’s Law.
Change in mean +0.58
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I can find the standard deviation of sampled
data values. Change in mean +0.60
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The use of Monte Carlo method in an
introductory electrical engineering laboratory
course to introduce students to statistical
variance was studied.
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Change in mean +0.74
50
Pre
Post

Percentage

40
30
20
10
0

1

2

3

4

5

Percentage

Score
45
40
35
30
25
20
15
10
5
0
-1

IV. Summary

0

1

2

3

Individual Change in Score

4

Table 1 displays the change in mean for
different knowledge and skills questions
before and after the lab session. It is evident
that there has been an increase in knowledge
and skill of students after the experiments,
including understanding of the Monte Carlo
analysis. In some areas students have greater
prior knowledge, hence the increase in score
is less significant. For instance, "I can find the
mean of sampled data values" had an average
increment of +0.44. On the other hand, in
other areas which are new to students the lab
session contributed greatly to student learning.
This can be observed for instance in "What is
the Monte Carlo Method?" question, where an
increment of +1.1 is recorded.
Survey Question

Average Change
in Score
+0.94

What is a good way to measure
resistance value?
When measuring voltage across +0.61
or current through a resistor,
what instrument would you use?
How should power absorbed by +0.86
a resistor be measured or
calculated?
What is the Monte Carlo +1.10
Method?
I can measure Resistance values. +0.83
I can measure voltages and +0.77
currents.
I can use Ohm’s Law.
+0.58
I can determine resistor power +1.15
absorption.
I can find the mean of sampled +0.44
data values.
I can find the standard deviation +0.60
of sampled data values.
I can apply Monte Carlo +0.74
methods to determine the
variable uncertainty interval.
Table 1: Summary of survey results demonstrating
score improvement in basic knowledge and skill on
electrical measurements and Monte Carlo analysis.

Summary scores for students’ knowledge
before a laboratory exercise was an average of
3.3 with a standard deviation of 1.1. The
summary score after the exercise was an
average of 4.6 with a standard deviation of
0.66 resulting in overall modest increase in
knowledge.
The overall increase of +0.74 in level of
confidence that students had with applying
Monte Carlo Methods indicates that they
gained knowledge and understanding of the
Monte Carlo method for circuit component
variation as a result of this laboratory
experiment.
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