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Abstract

The study of hypothesis tests is essential in the training of engineers and although in recent years
students’ knowledge has been investigated, it is necessary to develop studies from the perspective
of professors who teach this topic in engineering. For this reason, in this paper we present, from
the teachers’ perspective, the difficulties and errors exhibited by engineering students, the
teaching methodologies and the resources available in relation to hypothesis testing. For this, a
conceptual framework with ideas on statistical reasoning for inference was used. In this qualitative
research, 19 teachers participated, to whom two questionnaire-type instruments were applied.
Among the main results we have that, students have great difficulties with the approach of
statistical hypotheses and the study of parameters in two populations, even when teachers
attribute a high degree of importance to hypothesis tests in the subject of statistics for engineers.
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INTRODUCTION

In the engineering faculties, there is an important
number of subjects considered as critical in basic science,
whose passing percentages are not as expected, which
brings effects on the retention rate of the first years and
the timely graduation rate of the students. In particular,
the statistics curricular activity program, which, in spite
of involving experiences with the implementation of
active methodologies, where students positively value
innovations in statistics, increasing motivation,
autonomy and application of strategies in data analysis,
have declared feeling weaker in the soft skills of time
management and computer resources, as well as in
information search and hypothesis formulation
(Alvarado et al., 2018). According to Ferrés (2017),
practical investigative work begins with the process of
asking questions and formulating hypotheses, finding
out the answers through data analysis and examining
the relationship between various variables. Especially, in
order to guide research work, authors promote, as a
starting point, the identification of research questions as
the axis of scientific initiation projects (Caamafio, 2012;
Ferrés et al, 2015). The formulation of hypotheses

becomes essential in statistical inference and
applications in engineering science, however, their
implementation and appropriation have been partial,
given the curricular and social situation. A pending task
is to strengthen the appropriation and correct
application of statistical knowledge, moving from data
analysis to statistical inference; being the omnipresence
of statistical hypothesis testing in the professional work
of engineers one of the most relevant issues.

The teaching experience with students at the school
and university system, future scientists and engineers,
leads us to reflect and to differentiate the work,
reasoning and development in the curricular activity
programs of statistics and mathematics, which students
do not usually distinguish. In connection with our
statistical object of study, we conceive the hypothesis as
a statement in which something is affirmed or denied
from which consequences will emerge. This conception
differs on the one hand, from the definition that is only
to specify the meaning of what it is about and, on the
other hand, from the axiom that must necessarily be
admitted, contrary to what happens with the hypotheses
(Mufioz & Velarde, 2000).
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Contribution to the literature

e This paper aims at characterize the difficulties and errors presented by engineering students, the teaching
methodology and the resources available in the professional training of engineers.
e The paper provides guidance to bear in mind when developing strategies for teaching hypothesis testing

with university students.

e The paper identifies the connections with other statistical ideas and the assessment of hypothesis tests

from the teachers’ perspective.

State statistical hypotheses is usually difficult for
students since it comprises a system of concepts and
properties that makes their study a complex one.
Various investigations have documented these
difficulties and pointed out the importance of
introducing statistical hypotheses in the form of a
question and evolving to the approach of hypotheses
with statistical language (Lugo-Armenta & Pino-Fan,
2022; Pfannkuch & Wild, 2004; Stohl et al.,, 2010).
Similarly, Inzunza and Jiménez (2013) mention the
following emerging elements related to hypothesis
testing: Population, sample, statistic test, sample
distribution of the statistic test, level of significance, null
hypothesis, alternative hypothesis, p-value, rejection
region and non-rejection region. Inferring the value that
the population parameter can take implies applying the
procedures of point estimation, estimation by confidence
intervals and hypothesis tests. In turn, such parameter is
associated to one statistic that is obtained by some
estimation method and evaluated in a random sample,
which will be the necessary evidence to refute or not the
null hypothesis. Therefore, we state that a hypothesis is
a statement to be verified regarding the characteristics of
one or more populations. There are usually two types of
statements: Those that are related to the parameters and
those that are related to the distribution of a random
variable. In this research we focus on analyzing the
former, considering the different parameters of one and
two populations.

Research highlights the difficulties of university
students in statistical hypothesis testing due to its
complexity and the little amount of time spent in its
teaching (e.g., Batanero et al., 2012; Figueroa & Baccelli,
2019; Inzunza & Jiménez, 2013; Lépez-Martin et al., 2019;
Vera, 2019). Such investigations present different
approaches, namely, they illustrate the way of
approaching the hypothesis test, meanings of the
hypothesis contrast, associated epistemic configurations
and semiotic conflicts, orientations and levels of study,
difficulties encountered and the scope and implications.
Thus, we consider that there is a lack of studies on
teaching practice and reflection of teachers who teach
and use statistics. In consequence, we formulate these
questions: What are the difficulties and errors that
teachers of future engineers show regarding hypothesis
testing? Is the formulation of hypothesis tests one of the
critical components considered by teachers in the
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inference? Considering this, in this study we intend to
characterize the difficulties and errors presented by
engineering students, the teaching methodology and the
resources available in the professional training of
engineers, the connections with other statistical ideas
and the evaluation of hypothesis tests from the
perspective of teachers who teach and use statistics
(engineers).

CONCEPTUAL FRAMEWORK

We focus on promoting and developing statistical
sense in the classroom, which is understood as the union
of statistical culture and statistical reasoning (Batanero et
al., 2013). On the one hand, statistical literacy implies
understanding the fundamental statistical ideas, namely
data, graphs, variation, distribution, association and
correlation, probability, sampling and inference (Burrill
& Biehler, 2011). The importance of these notions lies in
the fact that they are the ones that we need in most of the
problems, where we need to make use of statistics. On
the other hand, statistical reasoning allows decisions to
be made, predictions to be made from a set of data
considering uncertainty, and it is associated with data
analysis skills.

Consequently, students must correctly apply
fundamental statistical ideas; one of them being
statistical inference, which parameter hypothesis tests
arise from. We conceive, by hypothesis testing, the
procedure that allows verifying an assertion regarding
the value of a population parameter from data obtained
in a sample. In addition, in recent years in statistical
education, specialists have reported teaching and
research experiences on statistical reasoning for inference;
for example, studying levels of statistical reasoning on
hypothesis tests with mathematics students (Inzunza &
Jiménez, 2013) and the impact of learning environments
with the use of technologies (Cafiadas et al., 2012, 2019).
Other investigations refer to the incorrect use of
statistical hypothesis tests, erroneous interpretations of
the results, confusion between null and alternative
hypotheses (Vallecillos, 1999), student confusion
between statistical and research hypotheses (Chow,
1996), conflict in the logic of the process of Fisher’s
significance tests and Neyman-Pearson’s hypothesis
testing (Vallecillos, 1999), confusion between bilateral
and unilateral tests, and the regions of acceptance and
rejection (Vera, 2017), difficulties in understanding the
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level of significance a and p-value (Lopez-Martin et al.,
2019).

Furthermore, proposals for levels of inferential
reasoning on hypothesis testing have emerged, where it
is proposed to solve statistical inference problems
initially with aspects of informal inference and
progressively move towards formal notions and
methods of statistical inference (Lugo-Armenta & Pino-
Fan, 2021b). The acquisition of statistical concepts must
be gradual for its correct application in problem solving.
Therefore, a weak understanding of elementary
statistical elements leads to serious appropriation
difficulties in the sequential chain of contents in random
variables, probability distributions and statistical
inference. Various investigations have been carried out
on the difficulties and errors of students in: Sample
representativeness and sample variability (Kahneman et
al., 1982; Well et al., 1990); levels of reasoning on
inference (Moreno & Vallecillos, 2001); intuitive
understanding of the concept of sampling distribution
(Diaz & de la Fuente, 2004); understanding of the central
limit theorem (Alvarado & Batanero, 2007; Alvarado &
Retamal, 2010, 2012; delMas et al., 2004; Lipson, 1997);
articulation of the sample distribution and confidence
intervals (Alvarado & Segura, 2012; Alvarado etal., 2018;
Retamal et al., 2007); and hypothesis tests (Figueroa &
Baccelli, 2019; Vera, 2019).

Similarly, Inzunza and Islas (2019), in their study on
learning trajectories to develop reasoning in samples,
variability and sampling distributions, conclude that an
informal approach based on the simulation of sampling
with technology contributes to developing correct
reasoning regarding sampling distributions and
building the basis for understanding statistical inference.
In addition, Vera (2019), in research on hypothesis
testing, proposes that an element of meaning for
statistical inference is the interpretation of results.
Moreover, Figueroa and Baccelli (2019) analyze the
productions of two problems on hypothesis tests by
statistics students of engineering careers, discovering
that a group of students fail to identify the appropriate
hypotheses according to the parameter and do not
discriminate the null hypothesis and alternative.

Therefore, although we are interested in the statistical
sense, we are particularly interested in investigating the
component of statistical reasoning focused on inference.
Statistical inference is one of the classic topics in statistics
courses oriented to different university careers. We are
especially interested in analyzing the emergence of
statistical hypothesis tests in the context of engineering.

METHODS

The procedure to carry out the qualitative research
considered, first, a comparative exploratory study of
content analysis through a sample of university statistics
textbooks, and then an analysis of the difficulties in

teaching the hypothesis testing from the institutional
perspective.

For the content analysis of the hypothesis tests, 13
texts with chapters directly related to the theme of the
hypothesis tests were selected; considering six books
from the engineering area, two introductory books to
engineering, three books from the business and
economics area, and two books on statistics education.

The analysis process was inductive, continuously
reviewing the chapters related to the subject oriented to
engineering, which gave an approximate vision of what
students receive in university education, and allowing
the preparation of items 3, 6, 8, 12, and 14 (Appendix A)
and items 8 and 9 (Appendix B).

In this way, we follow the guidelines of researchers
in didactics of mathematics, who point out the
importance of this didactic resource and of analyzing the
meanings of the mathematical objects contained in them,
through the characterization of the elements of
meanings: Problem situations, language, procedure,
concepts, propositions and arguments (Alvarado &
Batanero, 2008; Alvarado & Segura, 2012; Carrera et al.,
2021; Pino-Fan et al., 2019).

In parallel, items from hypothesis tests applied in
related research were analyzed, which together with
content analysis allowed determining an institutional
reference meaning of the topic. The investigations are
varied with different approaches; They give an account
of the way of approaching the hypothesis test, meanings
of the contrast of hypotheses, orientations and levels of
study, difficulties encountered and the scope and
implications. This allowed us to elaborate items 9, 10, 11,
and 13 (Appendix A) and item 7 (Appendix B).

Next, a questionnaire guideline for teachers who
teach and use statistics was developed. The constructed
items, based on content analysis and related research,
were consulted by experts, two from statistics and two
from statistics education. We opted to use two
questionnaires as an instrument of inquiry due to the
research context, framed in the health contingency by
COVID-19, the limitation of online time and giving
teachers adequate time to respond thoughtfully to the
proposed items of the questionnaire; so that it reports
information on the identification of critical components
in the reasoning process, associated concepts and
calculations related to hypothesis testing.

In order to select the participants, non-probabilistic
sampling by volunteers was used (Vieytes, 2005) thus,
the sample of participants is made up of 19 academics.
Ten of these academics teach statistics in the first courses
of the university program; and nine are engineering
teachers, who apply statistics in various situations
problems of the specialties. The sample was intentional
aiming to obtain several different responses from the
teachers, through variables such as years of teaching and
research experience, type of institution, where they
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Table 1. Errors in the hypothesis tests declared by the teachers & the engineers

Hypothesis tests Teachers Engineers
Errors in the selection or approach 8 4
Conceptual errors 4 7
Procedural errors 1 3
Interpretation errors of the result of mathematical calculations 5 6

usually teach and use of means and resources for
teaching. The teachers work in five different educational
institutions; three are from South Central Chile, one from
Argentina and one from Costa Rica. Statistics professors
have at least 10 years of teaching experience, whereas
engineers have at least 12 years of engineering teaching.
The nine engineers teach in civil engineering science
training programs, and whose preferred dedication is
teaching and research.

The two questionnaire-type instruments were
applied in one month to teachers who teach statistics and
engineering teachers who use statistics, particularly
hypothesis tests. Although there are similar items in the
two questionnaires, the main differences are the
conceptual emphasis on hypothesis testing in the first
one and the need to formulate hypotheses in engineering
science research projects in the second questionnaire.

In relation to the professors who teach statistics, ten
responses were received to the 15-item questionnaire

(see Appendix A), characterized in
(1) statistics curriculum in engineering careers,
(2) reference textbooks on the subject,

(3) difficulties in learning hypothesis tests,
4
(

5

use of methodology in statistical inference,

~—~ — — ~—

connections of hypothesis tests with other
important units of statistics,

(6) use of statistical programs as a learning resource,

(7) importance and suggestions for appropriation,
and

(8) application of hypothesis tests in engineering
sciences.

Regarding the engineering professors, nine answers

were received to the 10-item questionnaire (see
Appendix B), which were structured in

(1) applications of hypothesis tests in engineering
science,

(2) difficulties in learning hypothesis
engineering science,

tests in

(3) use of methodology in statistical inference,
(4) use of statistical programs as a learning resource,

(5) the  importance
appropriation, and

and  suggestions  for

(6) application of tests of hypothesis in engineering
science.

In this way, we were able to identify which the
possible critical components of hypothesis tests revealed
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by teachers who teach and use statistics in engineering
are; obtaining a broader vision to provide improvement
guidelines in the study processes of hypothesis tests, and
the improvement of the teaching of statistics in
engineering schools. In the next section we will highlight
some of the answers that the participants gave us
through the various items of the questionnaires.

RESULTS & DISCUSSION

The main purpose of this study has been to identify
the critical components in the understanding of
hypothesis tests, taught by university professors who
teach and use statistics in engineering careers, by
characterizing the difficulties and errors that the
engineering  students  present, the teaching
methodology, the available resources, connections with
other statistical ideas and assessment of the topic. The
items of the questionnaires have been numbered, as
follows, for teachers who teach statistics TIn® (Appendix
A) and for engineers who use statistics EIn® (Appendix
B).

Then, the errors and difficulties declared by the
teachers in the application of the students’ hypothesis
tests are analyzed, followed by teachers’ methodology,
the technological resources they use, the relationship or
connection with other statistical ideas and the
importance that they confer to hypothesis testing.

Errors & Difficulties in Hypothesis Tests

In Table 1, we can see the responses of ten statistics
teachers and nine engineers regarding learning errors on
hypothesis testing. The item was adapted from Lépez-
Martin et al. (2019).

TI9-EI7. Where are the biggest errors observed in
hypothesis tests by students?

10 teachers point out that the greatest error made by
students is observed in the selection or formulation of
hypotheses (eight teachers), the same error that is
highlighted in the study by Figueroa and Baccelli (2019).
It is followed by the interpretation of results (five) and
misconceptions (four). This result does not match Lépez-
Martin et al. (2019) findings with mathematics teachers
in training, where they found that the procedural errors
and the interpretation of the results exceeded the
conceptual errors and the hypothesis testing approach.
The nine engineers who use statistics highlighted as
major errors of the students: The conceptual (seven
engineers) and the interpretation of results (six). The
engineers did not highlight the procedural errors,
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Table 2. Answers about the errors in the hypothesis tests declared by the teachers

Teachers’ responses to item TI9

T: “Errors arise when the hypotheses are incorrectly stated because, although they identify the parameter, consistency is
not maintained when identifying a bilateral or unilateral test with the proposition of the alternative hypothesis and the

rejection zone of the null hypothesis.”

T3: “ Many times, the students do not write the conclusion of the results obtained.”
T4: “It is difficult to define the hypotheses correctly. Sometimes, they conclude correctly but misinterpret the

information that the problem gives them.”

T9: “Errors in the selection or approach because of the lack of understanding of the text.”

Table 3. Answers about the errors in the hypothesis tests declared by the engineers

Engineers’ responses to item EI7

E1: “It is a topic that is very difficult for them, I'd answer “all of the above”, if that option were available: they
pose the hypotheses backwards, they present procedural errors (for example, when to use a or a/2), it is very
difficult for them to draw correct conclusions based on the available information... but without a doubt the

biggest errors are conceptual ones.”

E2: “Errors in the selection or approach/Conceptual. I have noticed that the students are good at performing
procedural tasks and quickly grasp the idea of interpreting the test result, but they have great difficulty in making
the decision to take the test, they only take it when the academic explicitly requests it. In this way, it is evident that
there is no clarity in the concepts or the benefits of performing the hypothesis test.”

E9: “There are conceptual weaknesses and weaknesses in the approach; therefore, the analysis and interpretation
of the results extracted from the data processing in the software are not correct.”

understanding that as users of the statistics they are
supported by computer resources for which the
interpretation of the output result of the software
becomes a fundamental part of the statistical work.
Indeed, the interpretation of a hypothesis is a
fundamental action in the decision-making process
itself. However, we sometimes neglect the meaning of
failing to reject a null hypothesis, which is often
misunderstood as accepting the null hypothesis. More
precisely,

“A hypothesis consists of a simple or complex
internally consistent conditional statement with
an antecedent that is what is actually
hypothetically proposed and a consequent that
can be related to verified or verifiable facts. The
falsity of the consequent implies that of the
antecedent and invalidates the hypothesis, while
the verification of the consequent does not allow
establishing the necessary truth of the antecedent
and, therefore, does not modify its hypothetical
character” (Munoz & Velarde, 2000).

The teachers have highlighted errors due to the lack
of reading comprehension and interpretation in
hypothesis tests, not writing the conclusions in a proper
way. Some examples of responses are shown in Table 2.

The arguments of the engineers who use statistics
refer to conceptual errors and the difficulty in making
decisions when applying the test. In Table 3, we can see
the responses of engineers 1, 2, and 9.

Based on the responses of teachers who teach and use
statistics about student errors, we can say that in order
to improve the teaching of hypothesis tests, the approach
of hypotheses in context and the results found here,

emphasizing on their interpretation should be
considered for the decision-making process (Lugo-
Armenta & Pino-Fan, 2021a, 2022). In engineering
science, the interpretations of the results are important
for decision making and it is clear that it is necessary to
reinforce the conceptual foundations of hypothesis tests,
and that there must be evident connections between the
statistics course and the specialty courses, as they do
when it comes to the requirements form the first course.
It should be noted that one of the engineers who
participated in this study indicates that errors occur in
all the alternatives in Table 1. In relation to this assertion
of the teacher who uses statistics (engineer), Inzunsa and
Jiménez (2013) point out that university students have
shown difficulties in all the stages of the process of a
hypothesis test, from approaching the problem to the
interpretation of the results.

Next, we will delve into the errors through the
difficulties of understanding students” hypothesis tests
for which three items are presented that were consulted
only to teachers who teach statistics.

TI5. You believe that hypothesis testing is a complex
concept even for students with a background in
mathematics and probability.

Regarding this item, seven out of ten teachers
indicated that it is a complex issue to address due to the
number of related concepts, which coincides with the
study by Inzunza and Jiménez (2013), where it is
emphasized that hypothesis tests are even difficult to
students with previous training in mathematical
statistics and foundations of probability theory. In Table
4, we can see some of the teachers’ responses.
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Table 4. Teachers’ responses on the complexity of the hypothesis tests

Teachers’ responses to item TI5

T1: “There are a number of concepts that the student must recognize and relate later, with their appropriate
notation, such as the concepts associated with a population and its parameters, or a sample and its statistics, or the
sampling distribution of a statistic with the distribution of relative frequencies of its associated statistical variable,
the difference between a parameter and a point estimate of it, the difference between a statistic and an estimate.”
T2: “They usually have problems to state the statistical hypotheses, to interpret the p-value, or even to select the
appropriate hypothesis test for the type of data and problem that we want to solve.”

T7: “It is more difficult to establish the hypotheses due to the lack of understanding of logic, which is the basis for

understanding the conjectures.”

Table 5. Teachers’ responses about the greatest difficulties in the hypothesis tests

Teachers’ responses to item TI10

TI5: “In general, in the different hypothesis testing procedures, the difficulty persists in the adequate selection of

the test statistic on which the decision will be made.”

TI3: “I think the two-parameter hypothesis tests are the most complicated, mainly in terms of calculating the
degrees of freedom associated with the t-test of two population means.”

Table 6. Assignment of the difficulty levels in the hypothesis tests declared by the teachers

Procedure of a HT 1 2 3 % 4 5 % 6 7 %  Total
Definition of null and alternative hypotheses 2 20 1 0 6 1 80 10
Significance level and its interpretation 4 2 60 1 1 10 2 30 10
Identify and compute the test statistic 2 1 30 4 0 1 2 70 10
Set the critical region 2 3 50 3 2 30 20 10
p-value calculation 1 1 20 2 3 20 1 2 60 10
Use classical rejection region method 2 2 40 5 60 0 10
Use method via probability value 2 20 2 3 30 1 1 50 10
Finish and answer the problem 1 2 30 2 1 20 3 1 50 10

The answer given by teacher 7 is related to the need
for a logical understanding of hypothesis tests, which
was previously pointed out by Vallecillos (1997).
Recently developed studies sought to promote the logic
of hypothesis testing in order to promote inferential
reasoning (Harradine et al., 2011; Liu & Thompson, 2009;
Lugo-Armenta & Pino-Fan, 2021b). The following item
was applied only in the teachers’ questionnaire and
deals with students’ difficulties in the study of the
hypothesis tests.

TI10. Where are the greatest students” difficulties in
hypothesis tests?
HT of means
HT of variances
HT of proportions
HT of parameters in a population
HT of parameters in two populations
Others

According to the teachers who participated in this
study, the greatest difficulties are observed when
performing parameter hypothesis tests in two
populations (eight teachers) and variance hypothesis
testing in one population (three teachers), mean
hypothesis testing in one population (three teachers).

Figueroa and Baccelli (2019) determine as a difficulty of
the erroneous conceptions in the formulation of

™o oo N TR
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hypotheses, the work in one and two populations with
the parameter of variances. Next, two arguments from
teachers are presented, whose difficulty may be due to
the fact that the assumptions that are necessary to apply
a particular hypothesis testing procedure are not studied
(Table 5).

Item TI13 aims that teachers to assess the degree of
difficulty of certain procedures that they have observed
in their teaching experience. It should be noted that the
options that have been provided for the assessment have
been taken from various statistical education studies
(e.g., Lopez-Martin et al., 2019; Lugo-Armenta & Pino-
Fan, 2022; Vera, 2017).

TI13. Assign a score from one to seven on the degree
of difficulty that students face in the application of
hypothesis tests: One indicates no difficulty and seven
high difficulties. Discuss the two highest scores assigned
(of highest difficulty) of what you consider most difficult
for students to understand (Table 6).

Responses were grouped into three levels; from 1 to
3,4 and 5 to 7. Figure 1 considers the total amount of the
values 5, 6, and 7 representing the levels of highest
difficulty measured in percentage.

Teachers rated the definition of the null and
alternative  hypotheses  (80%), identifying and
calculating the test statistic (70%), calculating the p-value
(60%), using the method via the probability value (50%)
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Definition of Null and Alternative Hypotheses

Significance level and its interpretation

Identify and compute the test statistic

Set the critical region

p-value calculation

Use classical rejection region method

Use method via probability value

Finish and answer the problem

Percentages of difficulty in
hypothesis test

20 40 60 80

Figure 1. Levels of the highest difficulty expressed as a percentage (sum of values 5, 6, and 7) (Source: Authors” own

elaboration)

Table 7. Teachers’ responses on the degree of difficulty of the procedures

Teachers’ responses to item TI13

T3: “I think that students get quite confused in the calculation of the p-value, since they have difficulties in
understanding its definition and how it is calculated in the different types of hypotheses.”

T4: “They find it difficult to define the hypotheses correctly. In working with means, they are often confused in
choosing the appropriate distribution for calculating the test statistic.”

T6: “I have seen that students have problems in stating the hypotheses, they get confused between statistics and
parameters, they put=in alternative hypothesis, or they do not understand what the null hypothesis should be

according to what was stated.”

T9: “Define the null and alternative hypotheses, due to the lack of reading comprehension.”

and conclude and answer the problem (50%). The
arguments on this item issued by the teachers are related
to the hypothesis approach and the calculation of the
probability value. We can see some examples in Table 7.

On the other hand, teachers considered procedures
related to the use of the classic method of the region of
rejection and the level of significance as less difficult,
because prior to hypothesis tests, confidence intervals
are usually studied:

“I think they can, indeed, indicate the level of
significance in a good way, because they
understand the level of confidence and therefore
its complement, but it is not very clear to them
what it means in the context of HT” (T6).

We consider it important that teachers spend time
working on each of the stages of hypothesis testing that
lead to decision making. Furthermore, research suggests
that hypothesis tests should be studied from a
progressive perspective, from the informal to the formal
(Lugo-Armenta & Pino-Fan, 2021b). In addition, Lépez-
Martin et al. (2019) point out that the teaching of the
subject should be supported by working on intuition
through simulation in sample distributions.

Teaching Methodology for Hypothesis Tests

We present two items from the questionnaires of the
current study, which are related to the Neyman-
Pearson’s approach (comparing the value of the statistic
and the critical value) and Fisher’s approach (obtaining
and interpreting the p-value), with the purpose of
delving into which of them is considered more relevant
for teaching, in the case of teachers, or more useful, in
the case of engineers.

TI12-EI8. According to your experience in the
process of studying hypothesis tests, is teaching (utility)
more pertinent through the classical method (comparing
the value of the statistic and the critical value) and/or
the p-value method?

Based on the teachers’ experience in the process of
studying hypothesis tests, most of them indicated that
they use both methods (eight teachers), with the
Neyman-Pearson approach being the preferred one due
to the procedure followed by the students, and the
Fisher’s approach because of the scope of hypothesis
tests in research and its use with statistical software. For
their part, engineers mostly use Fisher’s approach; p-
value method, (eight engineers), indicating that it is
more associated with the development of hypotheses
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Table 8. Teachers’ responses on the classical method Vs p-value method

Teachers’ responses to item TI12

T2: “1 believe that both methods should be taught. However, I understand that for some students it is easier to
compare the statistic value and the critical value, it seems to make more sense than comparing the p-value and the

level of significance.”

T3: “Most statistical software provides the p-value, so more emphasis should be placed on this concept, but

without ceasing to teach the classical method.”

T4: “It is a process that teachers must work on. The way of working with formulas and the classic method is still

very ingrained.”

Té6: “I think that both are pertinent, although much times research is supported with the p-value and that is why it

may be more relevant.”

Table 9. Engineers’ responses on the classical method Vs p-value method

Engineers’ responses to item EI8

E9: “In simulation, the classical method is widely used (confidence intervals). However, in regression models and

forecasts, the p-value is used much more.”

E5: “Conceptually, I prefer the first one, but for practical purposes and with the use of software, the p-value is

better, but I do understand its reason for being.”

E8: “Both methods, depending on the case. In general, students present more problems in the application of p-

value tests.”

Table 10. Teachers’ responses regarding statistical software in teaching

Teachers’ responses to item T4

T1: “I use GeoGebra because it is free and friendly, since it requires very little information for its use, the online
help allows self-learning, and the students can check their results.”

T2: “I use Minitab because it allows us to carry out the hypothesis tests in a simple way (without so many
calculations), it allows us to visualize the distribution graphs, the rejection zones, histograms or box-and-whisker
graphs. In addition, the statistic value and the p-value provide more analysis options.”

T5: “Fathom is practical, effective and easy-to-use for the student who does not know how to program, it allows
the student to use statistical inference. In general, it offers many options in terms of simulation or mathematical

modeling for descriptive and inferential data analysis.”

than with the use of software. In Table 8, there are
examples of teachers’ responses to this item.

In the case of the engineers, there were statements, as
shown in Table 9.

As we can see in Table 8 and Table 9, both teachers
and engineers promote both methods, although the
research related to these two approaches has presented
scientific disagreements, highlighting that difficulties in
their application still persist. Thus, Wong et al. (2014)
highlight the presence of erroneous conclusions when

“using the p-value in which the data is analyzed
without looking at the data: it only decides
yes/no, according to the p-value.”

Resources for Teaching Hypothesis Tests

Both teachers and engineers were consulted about the
technologies used in their teaching performance. Below
are the items and some answers provided by the study
participants.

TI4. Do you use statistical programs in the teaching
of hypothesis tests? Which ones and what benefits do
they present?
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In this regard, teachers answered that they consider
that using software allows attention to be focused
beyond calculations, for example, in the interpretation of
results. Out of the 10 teachers, five of them are mainly
inclined to the R Studio software because it allows
versatility in handling, and the other five teachers
preferred Excel. While Excel is not a statistical software,
it does have statistical functions and a data analysis
plug-in and is widely applicable in business. R Studio is
a free distribution software that is quite comfortable to
work with. In the case of hypotheses, the p-value is used,
whereas for the hypothesis of the mean, it uses t-student,
regardless of the sample size, just like SAS. Besides, there
are teachers who use GeoGebra (two), Minitab (one),
Fathom (one) and SPSS (one). Some comments regarding
the use of GeoGebra, Minitab, and Fathom are presented
in Table 10.

EI6. Do you use statistical software in the application
of hypothesis tests in engineering science? Which ones
and what benefits do they present?

In engineering science, we observe that there is no
predominant software for engineers, they use tools such
as Excel, R Studio, SPSS, MATLAB, Statgraphics, and
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Table 11. Responses of the engineers on statistical programs in education

Engineers’ responses to item EI6

E2: “Python and R. Ease of programming and a wide range of packages/libraries that allow the application of

hypothesis tests.”

E: “Statgraphics software, better when in Spanish, because it is very friendly and easy for students to use.”

Python. Teachers who use statistics commented on the
following (see Table 11).

Teachers and engineers use various technological
resources in the classroom, depending on the conditions
of laboratory equipment and software licenses of the
institution. Cafiadas et al. (2019) evaluated R and SPSS
software in terms of utility, ease of use, ease of learning,
and satisfaction with 168 first-year university students.
They concluded that both are effective and present good
results in the application of hypothesis tests in the
comparison of means, although they emphasize that
SPSS has shown better attitudes in various fields.

Connections Between Hypothesis Tests & Other
Statistical Ideas

Firstly, the curricular plans of the engineering careers
are striking, eight out of ten teachers teach classes on
classic contents of university statistics offered in a single
course (T11). Furthermore, they consider that the course
program considers little time for the teaching of the
hypothesis testing unit (T17). When asked about which
textbooks they use or recommend in their subjects for the
study of statistical inference, in particular hypothesis
testing (T13), teachers mentioned 17 books; the most
cited being: Anderson (2016), Devore (2016), Lind (2012),
Montgomery and Runger (2004), Navidi (2006), and
Walpole et al. (2012).

Secondly, three items from the questionnaires are
presented with which it is intended to inquire about the
hypothesis tests and their link with the sequence of
previous contents, link of descriptive statistics with
inferential statistics and preference of teachers in the use
of confidence intervals and/or hypothesis tests.

TI6. In the statistical inference unit, what is the
sequence of contents that you do to get to the hypothesis
tests unit? List the contents from highest to lowest
emphasis given.

In their comments on this item, teachers have
considered whether the curriculum consists of one or
two statistics courses and the specialty of engineering.
For example, a teacher taking a statistics course noted the
following;:

“I list the order in which we work on the topics:
Descriptive statistics, probability, probability
distributions, sampling distributions, point and
confidence interval estimation, hypothesis tests”
(T4).

Another example of an interesting response belongs
to teacher 10, who introduces the intuitive idea of
hypothesis tests:

“Before you see sampling distributions. Then, the
intuitive concept of hypothesis tests (several
intuitive examples are given and the idea of how
to decide in real life and how to decide with
hypothesis tests is contrasted); then, the theory of
hypothesis tests for any statistic is developed, then
this theory is applied to see hypotheses tests of a
mean number, of a proportion ...” (T10).

Teachers rely on classic statistics textbooks for design
and classroom learning of concepts and properties;
carrying out a text content analysis would show us the
complexity of teaching fundamental statistical ideas,
specifically about hypothesis test, and the richness of its
varied fields of problems and representations (Alvarado
& Batanero, 2008).

The presentation and emphasis of hypothesis testing
concepts and procedures in textbooks is varied
depending on the orientation of the context. It is
common to see in textbooks the sequence of statistics
content mentioned in the response by teacher 4 (e.g.,
Devore, 2016; Lind et al., 2019). The study by Lind et al.
(2019), which is oriented to the area of business and
economics, mentions types of errors I and II, and it
shows six steps to carry out a statistical hypothesis test,
and also presents exercises with applications using
Minitab software and Excel. Besides, Devore (2016),
from the area of engineering and science, presents a
mathematical level of little difficulty for the learning of
students in engineering careers. In the hypothesis test
chapter, basic concepts and terminologies are discussed,
and then decision-making procedures are developed,
using Minitab software to analyze the data. On the other
hand, we highlight the study by Milton and Arnold
(2004), where a sequence of chapters is presented,
starting with probabilities and, descriptive statistics
(chapter 6), estimation (chapter 7) and inference linking
confidence intervals and hypothesis tests (chapter 8,
chapter 9, and chapter 10). Below, we ask the teachers
about the importance of this relation.

TI11. Do you think it is feasible to connect descriptive
statistics with inferential statistics?

Regarding this item, the teachers indicated that they
agreed on the methodological relevance of
communicating in the classroom the articulation from
the description of the data to the justification of
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Table 12. Teachers’ responses on the complexity of the hypothesis tests

Teachers’ responses to item TI11

T1: “It is essential. The link between a statistical variable and its associated random variable contributes to the
understanding of inferential statistics by linking empirical sampling distributions with theoretical sampling
distributions.”

T2: “Yes, I think it is possible to connect descriptive statistics and inferential statistics. I think that ideas of
inference can be promoted from the beginning of the probability and statistics course.”

T10: “Given the insufficiency of descriptive statistics to understand certain problems, we endow it with
probability, we create a fictitious random situation, this makes the concept of statistical variable (data set) look like
a random variable, and so all concepts of the descriptive are redefined to create the inferential.”

Table 13. Teachers’ responses on confidence intervals and hypothesis tests

Teachers’ responses to item TI14

T1: “There is a statement about the value of the population mean. The sample data coincide with the hypothesis
that current concentrations exceed this mean.”

T2: “I think they might choose to use a hypothesis test since we have the mean set by the federal ozone standard
along with a hypothesis: Their current concentrations in air currents are thought to exceed that level.”

T5: “Hypothesis tests, since the wording of the problem indicates “In order to verify it”, this encourages the
student to test a hypothesis.”

T6: “I think they would use hypothesis test for a normally distributed mean, most of the time without checking
assumptions.”

Table 14. Engineers’ responses on confidence intervals and hypothesis tests

Engineers’ responses to item EI9

E2: “In quality management, we have used confidence intervals more, also as a first idea to determine the range of
values where the true population parameter is contained.”

E5: “Hypothesis tests are suggested in the area of econometrics or to diagnose multiple linear regression models.”

hypotheses based on the sample evidence. Table 12
shows some examples of teachers’ responses.

We consider that the teaching of statistics can take on
the challenge of introducing the notions of inference
from an informal perspective when teaching descriptive
statisticc and probability, these notions will be
progressively formalized as the study of the
fundamental notions for statistical inference and the
connections between them are deepened (Lugo-
Armenta & Pino-Fan, 2021b).

Teachers were also asked: Which method would
students use, confidence intervals or hypothesis test in
an engineering context? (TI14 Appendix A). The
following context was given:

Ozone is a component of smog, which can cause
damage to sensitive plants, even if its
concentrations are low. A federal ozone standard
of 0.12 ppm average was established. It is thought
that its current concentrations in the air exceed
this level. In order to verify this, air samples are
obtained at 30 monitoring stations in that region,
obtaining a sample mean of 0.135 ppm and a
sample standard deviation of 0.03 ppm (Milton &
Arnold, 2004, p. 299).

Three of the ten teachers indicated that most of the
students would apply confidence intervals,
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“because it is easier for them to conclude” (T9).

Seven teachers indicated that the students would
apply hypothesis tests based mainly on the wording of
the problem.

Table 13 shows examples of the responses provided
by teachers to this item.

Confidence intervals and hypothesis tests are
commonly used in inference to study the characteristics
of a population. Most teachers emphasize the
importance of the context of the problem situation to use
the most relevant inferential procedure to analyze a set
of data. In this case, the hypothesis tests were better
appreciated in the contamination situation and where a
conjecture is raised.

The previous item, regarding the choice of a method,
was also consulted to the engineers, this time without
mentioning the previous context but rather considering
the applications in the engineering area.

EI9. In engineering science applications, what do you
recommend to your students, to use confidence intervals
or hypothesis tests?

We observe that, in general, engineers use both
confidence intervals and hypothesis tests depending on
the objective of the study. Three of them indicated
hypothesis tests only. Table 14 shows examples from
engineers’ responses.
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Table 15. Teachers’ responses on the importance of hypothesis tests

Teachers’ responses to item TI8

T1: “It is very important, it integrates descriptive statistics and inference, it helps in making decisions on inference

problems.”

T2: “Making inferences is one of the key aspects of statistics and one that will be most useful to students in their

professional lives.”

Importance Given to Hypothesis Tests in Basic
Science & Engineering Science

Following this further, we ask teachers and engineers
for their opinion on the value they attribute to
hypothesis tests in their areas of study. Firstly, some
responses from teachers are presented and secondly
from engineers.

TI8-EI5. What degree of importance do you attribute
to the topic of hypothesis tests?

Teachers attribute a high degree of importance to the
topic of hypothesis tests as part of their courses, both for
the connection between thematic units and for the
professional field. They consider it a main topic of any
statistics course that is not given the importance it
deserves. Generally, little time is available at the end of
the teaching semester, here hypothesis tests, the last
learning outcome, is taught. This learning outcome is
given considerable weight in the final grade of the
subject (T6) and therefore can have its scope in academic
performance. Other examples of teachers’ responses are
found in Table 15.

Various investigations in the field of engineering
have used hypothesis testing as an instrument to verify
whether the results obtained from the application of a
methodology are significant, aiming to improve the
process. Namely, Ortiz et al. (2010) gave great
importance to hypothesis tests to validate that the results
obtained from the application of autonomous
maintenance produced a favorable change in company
that manufactures gardening and construction products.
Similarly, Wong et al. (2014) applied the t-student test to
measure performance in the supply process of a
beverage bottling industry, where they established that
the average number of inventory days after the
implementation of material needs planning is better than
the previous process; that is to say, a significant
reduction in the average of the inventories was
evidenced. Another interesting study is the problem
situation of air temperature estimation in the high
mountains of Toluca through a terrain elevation model
(Soto & Delgado, 2020). The tests that were carried out
were the analysis of variance between groups, the t-
student test for two samples and the test of similarity or
difference of group variances; concluding that the
estimated values are statistically similar to the values
observed in eight weather stations. As a result, this
model can be replicated in other areas.

In engineering, we often work with data samples or
simulated data, where possible conditions or factors can

be identified to study, modify and make decisions.
According to engineers’ knowledge and experience in
the use of statistics, they indicate as essential the use of
hypothesis tests in solving problems in engineering
sciences. Specifically, they have indicated as degrees of
very important, important, fundamental, high, great
relevance; in matters of validation of technological
developments in real productive environments
(engineer 8), as well as for the practice in civil
engineering, hypothesis tests arise in the specialties of
hydraulics and hydrology (T4), econometrics, design of
experiments, simulation, marketing (T5). Similarly,
engineer 9 mentions highlighting the elaboration of
hypotheses, preferably using objectives:

“The formulation of hypotheses is essential in the
training of engineers, as well as the setting of
objectives and research questions. However,
engineering generally works with the formulation
of objectives when there is an identified and
described problem or opportunity” (T9).

The previous applications have been developed in
theses and research oriented to careers in the specialties
of civil engineering, industrial civil, computer science,
electrical engineering and geological, on simulation
issues, regression models, forecasts, use of chi-square
tests of independence and goodness of fit.

Specifically, 89% of nine engineers have applied
hypothesis tests in undergraduate theses (item EI3) and
67% have participated in a research project, where they
had to formulate a hypothesis and then verify its validity
(item EI4). The contexts of said projects are mentioned in
Table 16.

As evidenced in teachers and engineers’ the
responses, there is consensus that hypothesis tests are
appreciated as the most popular tool for evaluating
scientific hypotheses and making decisions. Rodriguez
(2016) attributes statistics as essential for the work
performed by an engineer, highlighting the specialties of
information technology and industrial processes.

CONCLUSIONS

In this study we characterize the difficulties and
errors presented by engineering students, the teaching
methodology and the resources available in the
professional training of engineers, the connections with
other statistical ideas and the assessment of hypothesis
tests from the teachers’ perspective, who teach and use
statistics (engineers). It has become clear, from the
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Table 16. Responses of the engineers on the contexts of the projects

Engineers’ responses to item EI4

E1: “Yes. Basically, to compare heuristic methods or to adjust their parameters. Since simulated (random) data is
used in the validation stage, the comparison is made with hypothesis tests. Also, in fitting regression models in
chemical processes, to see the impact of various parameters on the process, the null hypothesis is that these

parameters have no impact on the process.”

E3: “Yes. Various problems: Comparison of growth rates, indexes (ecological, biological, & pollutants), temporary
abundances, temporary biomasses, presence of temporary organisms, their relationship with environmental
conditions (metals & environmental variables), and identification of factors that explain variability.”

E8: “Yes, I have participated in research projects where it was necessary to formulate a hypothesis and then verify
its validity. The main difficulty has arisen when establishing and demonstrating the sequence “If ... Then ...
Because” or “If ... Then ... Because of ...”, especially when there is a certain degree of uncertainty in the analysis of
causality due to: (a) small datasets, (b) datasets with a low level of refinement, (b) datasets with imbalance
problems, and (d) when there are unobservable variables that can have an important impact on the predictions

under different a priori analyses.”

responses of the teachers, that there are, indeed, errors in
the learning of hypothesis tests, highlighting as one of
the greatest difficulties the elaboration of hypotheses as
a critical component and its scope for decision-making
in problems typical of the engineer.

We agree that hypothesis testing is a topic of statistics
with  various representations, procedures and
arguments, which makes it difficult to appropriate the
meaning and effectiveness of its applications. Teachers
who teach and use statistics have discovered that their
students present a variety of difficulties and errors in
hypothesis tests. Teachers indicate that the greatest
difficulties in hypothesis tests, mainly referring to the
study of parameters in two populations, are linked to the
difference in means and ratio of variances (item TI10).
When asked about which textbooks are used or
recommended, the answers were varied when it comes
to courses, where statistical inference is studied,
especially in hypothesis tests. We think that competence
of text analysis must be present in teachers’ professional
practice, even more so when in our topic of study, we
obtained many concepts that were related to each other,
which suggests adequate further review of books that
are oriented to certain engineering careers.

We have considered the research of teaching
experiences and difficulties in the subject and
professional training in statistics from the perspective of
teachers in relation to hypothesis tests, to promote
preliminary guidelines to consider in the design of
understanding of the unit. In this work, the teachers
(item ID15) and engineers have proposed some
guidelines for the correct application of hypothesis tests,
for example, giving spaces for reflection and
interpretation, the use of real contexts and a gradual
approach, articulating informal inferential reasoning
through descriptive statistics with formal reasoning
through inferential statistics.

We support the idea of keeping in mind the
dedication of time and students’ effort to the elaboration
of hypotheses, strongly accompanied by the teachers,
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guiding their argumentation through the transition from
descriptive statistics to inferential statistics by various
means such as the use of technological learning
resources. The work of statistics by projects or the
methodology based on the creation of problems located
in engineering are actions that could be considered for
the development of skills and abilities of the future
engineer. Similarly, the articulation of the bridge of
descriptive statistics, sampling distributions, confidence
intervals and hypothesis tests should be promoted.

Statistics in the university curriculum is recognized
for contributing to decision-making based on
information, the development of critical thinking and as
a base knowledge of all disciplines. Studies support the
importance of statistics in engineering (Behar et al., 2002;
Rodriguez, 2016). However, it is a thematic area
considered difficult by the students, who in turn usually
receive decontextualized teaching that makes little sense
to them. One of the challenges for teachers is to start the
methodological work of elaborating statistical
hypotheses, data analysis competence and its correct
communication in the first levels, advancing towards the
promotion of statistical sense in the school curriculum,
which involves developing statistical reasoning for the
proper application of fundamental ideas, such as
hypothesis testing, in solving statistical situations. Thus,
based on what has been analyzed and discussed
throughout this article, we believe that this study
provides guidance to bear in mind when developing
strategies for teaching hypothesis testing with university
students, especially engineering students. We also
recognize that it is desirable to continue this research,
increasing the sample of participants and differentiating
teachers who teach and apply hypothesis tests at
different higher levels.
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Retamal Pérez et al. / Exploring challenges and strategies in teaching hypothesis testing
APPENDIX A

Questionnaire Applied to Teachers Who Teach Statistics
Exploratory study based on the experience of teachers about the difficulties of understanding hypothesis tests in
engineering careers.

Item 1. Does the curriculum, where you teach establish one or two statistics courses with the classic content
oriented to engineering careers?

Item 2. Your experience teaching hypothesis tests has been with students specializing in: ...

Item 3. What textbooks do you use or recommend in your courses for the study of statistical inference, in
particular hypothesis tests?

Item 4. Do you use statistical software in the teaching of hypothesis tests? Which ones and what benefits do they
present?

Item 5. Do you consider that hypothesis tests are a complex concept even for students who have a background in
mathematics and probability?

Item 6. In the statistical inference unit, what is the sequence of contents that you follow to get to the hypothesis
tests unit? Write them from highest to lowest emphasis.

Item 7. How much time do you have for teaching hypothesis tests? Do you consider that the time is enough to
develop the unit?

Item 8. What degree of importance do you attribute to the topic of hypothesis tests in the course?
Item 9. Where are the greatest errors observed in hypothesis tests by students? Comment
a. Errors in the selection or approach

b. Conceptual errors

c. Procedural errors

d. Interpretation errors of the result of mathematical calculations

Item 10. Where are the students’ greatest difficulties in hypothesis tests? Comment

HT of means

HT of variances

HT of proportions

HT of parameters in a population

HT of parameters in two populations

Others

Item 11. Do you see it feasible to connect descriptive statistics with inferential statistics?

™ 0o o N TR

Item 12. According to your experience in the process of studying hypothesis tests, is teaching by using the classical
method (comparing the value of the statistic and the critical value) and/or the p-value method more relevant?

Item 13. Rate the degree of difficulty of the students in the application of hypothesis tests: 1 indicates no difficulty
and 7 great difficulties: 1 2 3 4 5 6 7

. Define the null and alternative hypotheses
. Indicate level of significance and its interpretation
Identify and compute the test statistic

. Set the critical region

Use classical rejection region method

a
b
c
d
e. Calculate p-value
f.
g. Use method via probability value
h

. Finish and answer the problem

-

Discuss the two highest scores assigned (of highest difficulty) of what you consider most difficult for students
to understand.

Item 14. Ozone is a component of smog, which can cause damage to sensitive plants, even if its concentrations
are low. A federal ozone standard of 0.12 ppm average was established. It is thought that its current concentrations
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in the air exceed this level. In order to verify this, air samples are obtained at 30 monitoring stations in that region,
obtaining a sample mean of 0.135 ppm and a sample standard deviation of 0.03 ppm

As a verification methodology, which method do you think most students would use, confidence intervals or
hypothesis tests? Argue without resolving it.

Item 15. Based on your teaching experience, what guidelines do you suggest for the understanding and
application of students in hypothesis tests?
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APPENDIX B

Questionnaire Applied to Engineering Teachers Who Use Statistics
Exploratory study through the experience of teachers about the difficulties of understanding hypothesis tests in
engineering careers.

Item 1. In the courses you have taught, what areas of the specialty have required the application of hypothesis
tests?

Item 2. In relation to the previous question, indicate the engineering careers that have applied hypothesis tests.
Item 3. Have you required application of hypothesis tests in the undergraduate theses you have participated in?

Item 4. Have you participated in any research project, where you had to formulate a hypothesis and then verify
its validity? If possible, can you comment on what was discussed and what difficulty you encountered?

Item 5. According to your experience and knowledge, what degree of importance do you attribute to statistical
inference, in particular hypothesis tests, in engineering science?

Item 6. Do you use statistical software in the application of hypothesis tests in engineering science? Which ones
and what benefits do they present?

Item 7. In applications of hypothesis tests in engineering science, where are the greatest students” errors observed?
Comment

a. Errors in the selection or approach

b. Conceptual errors

c. Procedural errors

d. Interpretation errors of the result of mathematical calculations

Item 8. Based on your experience in hypothesis test applications, do you use the classical method (compare
statistical value and critical value) and/or the p-value method?

Item 9. In applications in engineering science, what do you recommend your students use, confidence intervals
or hypothesis tests?

Item 10. Based on your teaching experience, what guidelines do you suggest for students” understanding and
application of hypothesis tests in engineering science?
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