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— Abstract—

Scientific dissemination programs or projects, like any activity that pursues
an objective, can be evaluated. The objective of this research is to evalu-
ate the scientific dissemination activities carried out by the members of a
Science Club during the most critical phase of confinement derived from the
COVID-19 pandemic. These activities took place in 20 different communi-
ties, 8 towns in the state of Tabasco and 4 towns in the state of Chiapas. The
evaluation research was developed by applying methodology for program
evaluation and a general linear statistical model to determine the factors
that influence the performance of scientific dissemination activities. The
statistical model that justifies the conclusions of this research was chosen
according to the criteria of correct statistical specification and statistical
significance of the variables. Using a correctly specified model, we identi-
fied that the factors that had a positive and statistically significant effect
on the disseminator's performance were: sex, the number of experiments
successfully carried out during the activity, the level of interest of the at-
tendees perceived by the disseminator and the number of close relatives of
the disseminator with university studies in science.
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RESEARCH BACKGROUND

he frame of reference that we identified in the specialized literature
shows that the generation of evaluations for scientific dissemination
programs or projects is a relatively understudied area. Below, we
briefly review some of the research in which evaluations of outreach-related
programs are presented.
The work of Barahona et al. (2020) aims to investigate the impact of
a set of math communication activities in public spaces on strengthening
the social fabric and improving the perception of security. The attendees
answered a questionnaire composed of 10 Likert-type' reagents and 5 cate-
gorical questions regarding their socio-demographic profile. With the data
obtained, the authors performed a descriptive statistical analysis and an
inferential analysis that consisted of 2 statistical methods: analysis of main
components and model of structural equations. They evaluated the validity
and reliability of the information collection instrument through three indi-
cators: Cronbach's alpha, Guttman's lambda, and the Inter-class Correlation
Coefficient. Through their data analysis, the authors concluded that as the
project was developed, information was collected on an increase in the
perception of safety and higher levels of neighborhood integration in the
community, in addition, they showed evidence in favor of the communica-
tion of mathematics in public spaces contributed to improving the perception
of safety and strengthening the social fabric of the Chamilpa community.
Another research that aimed to evaluate a workshop was presented by
Pulido (2017). The workshop whose information was analyzed had as its
theme the preservation of air quality in closed places and was developed with
128 university students from the degrees of Nursing and Business Sciences
of the Universidad de Papaloapan, Oaxaca. The author conducted four
Likert-type questionnaires as a means of evaluation for each construct* and as a
measure of reliability and validity conducted a reagent discrimination analysis.3
Statistical analysis of student responses before and after the workshop,
the author concluded that, in the nursing group, the workshop had a positive
impact on most of the constructs assessed. However, in the business sciences
group, the changes before and after the workshop were not significant.
Gallardo's thesis (2014) was another research work in which a study
was carried out to evaluate the constitutive elements of the online educa-

1 Type of ordinal scale intended to measure the attitude of respondents on a given topic. Developed in
1932 by Rensis Likert.

2 Theoretical construction to understand a given problem.

3 Also known as item discrimination analysis.
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tional process from the perspective of the students of the bachelor's degree
in nursing of the SUAYED-ENEO (Open University and Distance Education
System-National School of Nursing and Obstetrics) of the UNAM. The study
consists of a descriptive, cross-sectional, and observational analysis carried
out with information from 119 students. The statistical methodology used
was a one-factor analysis of variance. The working hypothesis was that
the online learning process (which would act as the dependent variable)
is based on: age, sex, number of jobs, hours of study per week, basic com-
puter skills, and previous courses online or at the student's headquarters. In
the study, the author used Pearson's correlation coefficient between some
variables that he considered relevant to understand the student's learning
process. Finally, the author concluded that only the student's home variable
was significant for the study.

In the research of Sinchez (2008), statistical validation of the entrance
exam to the online course for reading comprehension in English was carried out
and applied to 213 students. The objective of this research was to validate
a construct related to a hypothetical model through mathematical models.
The author applied a data collection instrument to observe and iden-
tify the factors that determine efficient learning in text comprehension.
The statistical methodologies used in the research were: representative
mathematical models of item response theory (IRT) and Cronbach's alpha
internal consistency analysis, causal models, and multivariate statistical
techniques such as factor analysis, path analysis, multiple regression analysis,
and structural equation modeling. The author evaluated the assumptions of
normality, homoscedasticity, and linearity of the applied methodology to
ensure convergence towards a feasible solution. Finally, according to the
previous analysis and due to the quality of goodness of fit, the author
concluded that there was insufficient evidence to affirm that the model
does not collect the variability in the data.

Finally, Alvaro et al. (1990), in their work Hacia un modelo causal del
rendimiento académico, evaluate some models that influence academic perfor-
mance. The research was developed around two objectives: to arrive at an
explanatory model of academic performance and to choose the most
appropriate analysis technique to test that model.

Consequently, they used statistical methods for data analysis such as
principal component analysis, maximum likelihood factor analysis, path
analysis, and analysis of LISREL (Linear Structural Relations) models, in
addition to applying goodness-of-fit measures such as y?, Goodness-of-fit
Index GFI, among others. Through the use of different exploratory and
confirmatory analyses, Alvaro et al. (1990) justified a reduction from 89
variables to 14. Thus, the model that they determined best explained the
phenomenon of interest was the one in which the values of the adjustment
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indicators (¥? and GFI) met the required limits and the multiple correlations
squared of the two variables used were very high.

From their statistical analysis, the authors highlighted 3 conclusions:
i) the best predictor for performance is aptitudes; ii) through a general
aptitude (composed of a verbal factor, another numerical factor, and logical
reasoning) performance in mathematics can be better predicted than in
language; iii) the cultural level of the parents has a causal relationship with
aptitudes, that is, a high cultural level in the family is conducive to greater
aptitude development, consequently, the expected performance in basic
instrumental areas such as language and mathematics will be higher.

CONCEPTUAL FRAMEWORK OF THE
PROGRAM EVALUATION PROCESS

Evaluation can be defined as the process of systematically collecting infor-
mation on the activities, characteristics, and results of a program (set of
steps that are carried out to achieve an objective) to reduce uncertainty,
improve effectiveness, and decisions regarding the achievement of objec-
tives (Jean-Michel & Benot, 2017).

On the other hand, according to the glossary of the main terms on
evaluation and results-based management of the Organization for Economic
Cooperation and Development (OECD, 2010), the evaluation of a project,
program, or policy in progress or concluded is the systematic and objective
appreciation of its design, its implementation, and its results. Therefore, we
can define evaluation as the process of systematically collecting informa-
tion on the activities, characteristics, and results of programs, to reduce
uncertainty, and improve effectiveness, and decision-making.

Note that an evaluation not only analyzes whether or not the program
is effective but also provides information to determine if the program is
the most appropriate way to achieve its objectives and if there are other
elements to consider.

When carrying out an evaluation process for a program, there are key
points that we must keep clear, such as the purpose of the evaluation, the
time at which the program will be evaluated, the model with which it will be
evaluated, the instrumentation that will assist said evaluation, the institution
or professionals in charge of carrying out the evaluation and the reference
framework within which the evaluation of the program will be carried out.
The points mentioned above are intended to outline a feasible, methodical,
objective, transparent, and verifiable evaluation process.

On the other hand, Jean-Michel and Benot (2017) describe a pro-
gram in terms of needs, design, inputs, and outputs, short- and long-
term results. In addition, an assessment program can be represented as
a sequence of four phases:
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I.  Context analysis: involves gathering information about what consti-
tutes the problem, who it affects, and how they perceive it, to deter-
mine their needs. It relies on descriptive and inferential statistical
tools to point out issues that need to be addressed. Actions:

e Describe the social, economic, and institutional context in which
the program will be implemented.

« Identify needs, determine their scope, and define the target popu-
lation (cross-sectional, longitudinal, or panel data study).

e Make a distinction between descriptive statistics and inferential
statistics, to identify patterns in the sample.

 Distinguish between univariate, bivariate, and multivariate analyses,
depending on the number of variables examined.

 Visualize the status of the population, if the identified needs were met.

II. Ex-ante evaluation: It tries to assess aspects that allow us to fine-
tune the decisions around the implementation of the program.
When a program or project has the evaluation, it influences the
improvement of the decision-making on its implementation, in the
identification of areas of improvement that, if not observed and
corrected, could generate unnecessary costs and inefficiencies in
the implementation stage.

At this stage, it is critical to determine the goals and objectives of the
program before conducting an evaluation. Alternative strategies for addressing
program objectives must be compared based on all relevant dimensions
(technological, institutional, environmental, financial, social, and economic).
The methods can be:

» Financial Assessment

e Budget impact analysis

e Cost-benefit analysis.

»  Cost-effectiveness analysis.

e Multi-criteria decision analysis.

III. Implementation: This stage is responsible for designing a monitoring
system to help project leaders or managers implement the program.

The construction of a well-documented data management system is essential,
for which indicators can be used to measure inputs, outputs, or relate
resources to services-products:
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e Media indicators (operating expenses, donations received, number
of agents).

e Performance indicators (number of beneficiaries or users).

+ Management and accounting indicators (operating expenses per
user, number of agents per user).

These indicators can be used to report progress and alert program managers
to issues, and can also be used subsequently for evaluation purposes.

IV. Ex-post evaluation: It seeks to fine-tune elements of the evaluated
program, which can be grouped according to the particular type of
evaluation in question.

This stage measures what has happened as a direct result of the execution
of the program. Consequently, effectiveness has to do with the level of
outcomes and whether or not the intervention was successful in reaching
the desired goal. This phase also identifies the main factors behind success
or failure. Commonly used assessment techniques are:

¢« Random case follow-up.
e Benchmarking analysis.
e Quasi-experiment.

It is important to mention that we must not forget that:

1. The choice of the method to be used depends mainly on the context
of the analysis. For example, random assignment is not always
possible in legal, technical, or ethical terms.

2. The choice of the time frame in which to conduct the evaluation is a
difficulty since the information needed to assess program outcomes
is sometimes available only several years after program completion.

Generally, the results are classified as:

*  Short term: if they are immediate effects on the individuals' state.
e Long-term: environmental, social, and economic changes

PHASES OF PROGRAM EVALUATION. THE CASE OF WORKSHOPS AS
A MEANS OF SCIENTIFIC DISSEMINATION

The following is an application of the four phases of evaluation: context
analysis, evaluation ex ante, implementation, and evaluation ex post, to a
student science outreach program.
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The context of the scientific dissemination activities carried out by a group
of students who make up the Science Clubs (CUC's) of the Universidad
Juarez Auténoma de Tabasco [UJAT] has been developed for approximately
15 years, through workshops aimed at audiences of different educational levels
in university spaces, educational campuses, museums, or public spaces in
the state of Tabasco. These activities represent a work of university social
retribution, since, in many cases, the members of the clubs perform their
social service in scientific dissemination activities to promote and foster
scientific culture in society.

The natural evaluation of a scientific dissemination program represented
by the activities of the CUC's, consists of measuring the impact that these
activities have on the scholastic or integral performance of the beneficiaries
of the program, that is, of the audiences, or rather, on the young university
students who provide these activities. Therefore, it is possible to measure
the effect that science outreach activities have on the people who receive
the workshops and on the lecturers themselves. It is also possible to carry
out an evaluation to identify the factors that influence the performance
of the lecturers.

Before implementing a program, the direction of the desired outcome
should be defined in a general way, such as demonstrating that outreach
activities are a pillar of the educational institution's substantive activities. Or,
a specific objective, such as increasing general knowledge on a specific topic.

Let's suppose that the program's objective is to disseminate knowledge
about a particular subject in a didactic and entertaining way for children.

As part of the ex-ante evaluation, it is advisable to think about whether:

e Are the selected outreach strategies consistent with the overall
program objective?

e Are outreach strategies suitable for children?

e Will the activity generate new scientific knowledge in the public?

« Do the strategies cover all program objectives?

e Are there any programs with the same or similar objectives?

To achieve a more efficient program, it is advisable to analyze:

e Are the necessary resources available to develop the outreach activity?

e Are existing resources adequate?

e Is the outreach program profitable for the academic development
of the participants?

«  Will the cost of the outreach program be commensurate with
the effectiveness?
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When implementing the program, it is important to follow each phase of the
previously designed strategy, as well as to be careful when collecting the
information that will be used to construct the indicators.

Subsequently, as part of the ex-post evaluation, we must measure the
effects that the program had on the higher education institution's students
or audiences, using the method(s) that best suit the program and the type
of evaluation. Therefore, it is necessary to identify in the outreach program
what the short-term and long-term results are:

Short-Term Results

e Were any effects identified among the outreach students (lecturers)
on their academic performance?

e Did the students achieve educational growth?

e Did the students achieve personal growth?

e Were the resources sufficient for the program?

« Did the program meet its goals?

Long-Term Results:

e Isscience dissemination a substantive activity for the institution?

« Did the program manage to produce and/or increase knowledge?

e Did the activity contribute to improving the public's relationship
with the topics covered?

+ Did the program awaken in the students the vocation of science
communicator?

Finally, the responsible authorities will make the most appropriate decisions
(instrument, strengthen, continue; as the case may be), based on the results
of the program evaluation. That is why, from an institutional perspective,
evaluations are valuable as an instrument for proper decision-making.

EVALUATION OF OUTREACH EFFORTS
The JC/CUC DAIA Science Club

The Science Club "Youth for Science" of the DAIA of the UJAT began its
activities in 2006, and its main activity is to carry out scientific dissemi-
nation activities. The club is typically composed of students from degrees
in Architecture, Civil Engineering, Electrical and Electronic Engineering,
Chemical Engineering, and Electrical Mechanical Engineering who fulfill
their social service, professional internship, or volunteering. The activities
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carried out at the club are dissemination workshops, participation in scien-
tific events, and research projects, among others.

Since the Science Club was founded, it has made significant achieve-
ments in outreach. However, they did not have the opportunity to assess
the impact of their activities on the population or the club participants
themselves. To meet this need, we carried out a first evaluation exercise, to
identify the factors that influence the good performance of the members
of the Science Club in science outreach activities. The evaluation presented
was part of a work carried out as a professional internship and subsequently
presented by two of the authors as a thesis work to obtain the degree of
Bachelor in Actuary.*

The framework for the evaluation was the workshop jMds fuerte qué
Hercules!, which consisted of the presentation of three experiments related
to the surface tension of water, aimed at a child audience.

Due to sanitary restrictions, the workshop was conducted by each
member of the club in the community in which they live, with a child au-
dience. This resulted in the presentation of the workshop in 20 different
communities, which belong to 8 municipalities in the state of Tabasco and
4 municipalities in the state of Chiapas. Figure 1 shows some of the club
members conducting the {Mas fuerte que Hércules! Workshop.

Figure 1. {Mas fuerte que Hércules! workshop

4 Actuarial professionals are those who apply mathematical, statistical, economic, and computational
methods to the calculation of financial risks arising from uncertainty when they are covered by a
contract, such as insurance, bonds, pensions, social security, labor liabilities, and credit, investment,
and derivative financial instruments. However, their skills can be oriented to other tasks such as the
evaluation of different types of programs.
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METHODOLOGY
Instrument design and database creation

Statistical information to model the performance of Science Club members
in the "{Mas fuerte que Hércules!" outreach workshop was collected through
a Google Forms questionnaire consisting of 3 sections. The first contained
4 questions dedicated to the collection of general data, such as gender, age,
or grade point average in their program of study. The second was focused
on measuring the degree to which the lecturers perceived the performance
of their presentation, it was integrated with 18 questions, 8 of them were
Likert-type with 4 values (Likert-type surveys are psychometric instruments
where the respondent must indicate their agreement or disagreement on
a statement or item, which is done through an ordinal and unidimensional
scale (Matas 2018), which sought to extract information about how the
lecturers perceived the audience and their performance.s The third and last
section consisted of 6 questions, which sought to collect data on the academic
profile of the family members of the surveyed Science Club members.
Table 1 below shows the 28 variables generated to study the perfor-
mance of the workshop participants in their presentations, of which 27
were obtained from the questionnaire, and were treated as independent
variables. The remaining variable, labeled CaliTaller, is the score obtained
as a qualification in the workshop and was treated as the dependent variable
in our modeling. This rating was awarded by academics with experience in
disclosure based on the evidence, photos, or videos reported. Finally, the study
was conducted with information from 23 lecturers and members of the club.

5 The reader may note that we do not present the results of Cronbach's alpha, which allows us to quan-
tify the level of reliability of a measurement scale for the unobservable magnitude constructed from
the n observed variables. This is because it is desirable, to create a reliable scale of a quality that is not
directly observable, that the items be highly correlated with each other. In our case, the n observable
variables we use are used to model the variability of the response variable that is observable and has
a measurement scale. Therefore, we do not use Cronbach's alpha as a measure of the reliability of
measurement scales.
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Table 1
28 variables were generated to study the lecturer's performance in their presentations.

Variable  Variable name Description
v Workshop Grade obtained at the end of the workshop awarded by competent personalities with
grade experience in dissemination.
Section 1: Personal information
Lecturer's name Lecturer's full name
X, Gender Lecturer's gender
X, Age Lecturer's age at the time of answering this survey.
X, PromCali Lecturer's grade point average
Section 2: Perception of the lecturer's presentation performance.
X, PE Lecturer's current study program.
X, DomTema Level of mastery that the lecturer felt about the workshop subject.
Adjective that best described the lecturer's perception of himself/herself at the
X Autoper .
B time of the workshop.
X, Seg Level of security felt by the lecturer at the time of the workshop.
X, Nervio Level of nervousness felt by the lecturer while conducting the workshop.
X, DisTaller Level of fun or enjoyment that the lecturer felt while doing the workshop.
X, Ninv Number of children invited to the workshop by the lecturer.
X, Nasis Number of children attending the workshop.
X, Nifos Indicates if the lecturer frequently spends time with children.
X, TiemEst Minutes that the lecturer spent studying before the workshop.
X, EnsExp Number of times the lecturer rehearsed the experiments before conducting the workshop.
X TiemEns Minutes that the workshop leader spent rghearsmg the experiments

15 before the presentation.

1 ExpExitosos Number of experiments that the lecturer successfully performed during the workshop.
X, InteresAsist Level of interest of the attendees during the workshop as perceived by the lecturer.
X GustoAsist Level of satisfaction of the attendees with the workshop according to the lecturer's

18 perception.

. . Level of satisfaction that the lecturer obtained from the attendees' response while
X NivSatis .
1 conducting the workshop.
Xy TiemEvi Minutes that the workshop leader invested in preparing the workshop evidence.
X Tsufi Indicates whether the workshop leader felt he/she had enough time to
2 organize the workshop.
Section 3: Academic profile of the lecturers' family members
Indicates whether the lecturer had a scholarship during the period in which the
X Beca

2 workshop was held.

2 EstPadre Degree obtained by the lecturer's father or guardian.

e EstMadre Degree obtained by the lecturer's mother or guardian.

Number of the leader's close relatives who have university studies related to the
X FamCDuras .

2 hard sciences.

Number of the lecturer's close relatives who have university studies related to the
X FamCSyH . . o

2 social sciences and humanities.

X, FamCEyA Number of the lecturer's close relatives who have university studies related to

administrative economic sciences.
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STATISTICAL METHODOLOGY

In this research, we apply the theory of probabilistic reduction (Spanos, 1986)
developed within the framework of the probabilistic approach of econometrics.
This consists of rigorously evaluating the assumptions about the vector of
observable variables, to obtain a simplified and acceptable probabilistic
structure. This method consists of i) defining the experiment design that
relates a theoretical model to the data in a probabilistic scheme through the
specification of the statistical model; ii) the verification of the statistical
assumptions underlying the specification; and iii) the respecification of the
model to establish a correctly specified model to contrast the hypotheses to
establish statistically reliable conclusions in the light of the data.
Specifically, the study was performed using a linear regression model
(general linear model), given by the equation, y; = 8, + B'x; + u;, i € n, whose
probabilistic structure is presented in Table 2 using two distinct approaches.

Table 2
Probabilistic structure with two different approaches

Supuestos del modelo de regresion lineal

Enfoque probabilistico Enfoque tradicional
1 normalcy (yi | Xi =) ~N() u; ~ N(,)
2 linearity E(yi 1 X;=x;) =B, + B'x; E(uiIXi=xi)=0
3 homoscedasticity Var(y; 1 X; =x;) = o? Var(u; | X; =x;) = 0
4 constant parameters Bo. B, a2 Bo. B', 0%
5independence {((yi1X;=x;),i€l} {(wuslX;,=x,)=0i#s,i€l}

The probabilistic approach of the multiple linear regression model, which
was based on De Jesus (2016), is intended to highlight why it is necessary to
satisfy each assumption in Table 2 with the modeled data and the implica-
tions of not complying with them.

Probabilistic approach to multiple linear regression modeling

With the following economic relationship of interest:

Y = f(Xi0 Xop o Xii)y i=1,2,,n (1)
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where Y, denotes the dependent variable, and X; j =1,2,...,k denotes the
j-th independent variable. The following shows how the statistical model of
multiple linear regression

yi=a+B'x; +u,u; ~ N©,02),...(2)

with parameter vector 8 = (a,8, ) and under the assumptions in Table
2, is a parameterization of the joint density of all observable variables
X1, X241 .. X under the following assumptions: normal distribution, inde-
pendence, and identical distribution.

By the assumption of independence and identical distribution of X, the
assumption of normal distribution of X, and exogeneity of the variables X,
for j=1,2, ...k, we know that Y, given the values of the random vector X =x,
is distributed as a normal random variable,

Y| Xi=x;~ Np(a+B'X, £) ..(3)

where a = py — 'y, B = ZxxExy and I = Eyy — EyxExfExy-

This result shows that there is a linear relationship between Y, and X, of
the following type

Yi=E(yiIXi=xi)+ui,i=1,2,...,n,

where the error term u; = y; — E(y; | X; = x;) is not autonomous, its proba-
bilistic structure is completely determined by (3). The assumptions of the
statistical model can be expressed in terms of u, as in Table 2.

As usual, to determine the most probable values of the parameters
of the statistical model, @ = (a,8,%),, when the random process {X;}-,
has been observed, we maximize the logarithm of the likelihood function
concerning . But since the likelihood function is the joint density of the
observed process x= (x4, x5, ..., x,) conditional on @ then:

Lx10) = | [pOn 12w

where D(y; | x;;11) is the multivariate normal density given by (3).
Therefore, the probabilistic properties of the maximum likelihood estima-
tors, of any test statistic, and goodness-of-fit measure, will be completely
determined by (3).
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If the linear regression model fails to meet any of the probabilistic
assumptions in Table 2 vis-a-vis the data, then the density D(y; | x;;¢1)
will be misspecified and will invalidate the probabilistic properties of any
statistic derived from it. This not only implies that the statistical inference,
goodness-of-fit measures, and forecasts made from the statistical model
are unreliable, but also that the entire model will be in question as a process
generating the observed data.

Note that assumptions 1-3 in Table 2 depend on the normal distribution
assumption of X,. However, it is also one of the most difficult assumptions to
meet. According to Hoover et al. (2009); and Hoover (2012), the hypothesis
of multivariate normality of economic data is not a characteristic that we
expect to be met, it is rather a hypothesis that allows us to ensure that both
unusual events, which are adequately described by the normal distribution,
and unusual events that tend to fall outside the range of the normal distribu-
tion, have been considered. Such extraordinary events are often the cause of
skewness or excess kurtosis in the distribution of the data and, therefore, of
the rejection of the normality assumption of u,. In other cases, inadequate
modeling of such events may be the cause of autocorrelation among er-
rors, bias in estimators, and inaccuracy in inferences. The assumption of
normality also depends on the linearity, of variables and parameters, of the
statistical model. Therefore, if it is detected that the normality assumption
is not met, the functional form of the model will also be questioned.

In the probabilistic approach to econometrics, the error term should
capture all the factors influencing the phenomenon that were not considered
by the empirical model, of course, these factors should be many more than
those considered in the model. So, if such factors are independent, the
errors could be distributed approximately as normal random variables by
the central limit theorem.

The independence assumption of X;, i =1,2,..,n,, in the observable
process of economic variables, has also been questioned (assumption 4
of Table 2) it is very frequent to observe that the process {X;}-; shows
some kind of dependence especially in the analysis of time series, where
the heterogeneity of these variables induces that both the expectation and the
variance and covariance matrix of the observable process are a function of time.

Thus, the only correct strategy to achieve valid and reliable inferences
is to adopt a statistical model whose probabilistic assumptions are valid
vis-a-vis the data before making any inference. Therefore, before testing
the hypotheses about the phenomenon of interest with the model (2), it
is necessary to verify that the statistical model satisfies the complete list
of probabilistic assumptions underlying the chosen specification with the
sample data x. Such verification ensures the reliability of any inference
based on the model. Note that when the model is incorrectly specified,
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in the sense that any of the model assumptions were rejected, then the
distribution D(- ; @) will be misspecified for sample x and will invalidate the
distribution of estimators, test statistics, and any statistics obtained from it.

Model (2) should be re-specified, choosing a new specification that takes
into account regularities in the data not explained by an incorrectly speci-
fied model. Having done this, once again it must be evaluated that the data,
x, does not reject the assumptions of this new specification. This procedure
should be repeated until a specification is identified that satisfies all assump-
tions with the data, from which reliable inferences can be made.

RESULTS

After analyzing different statistical methods and models with the data from
the 23 lecturers for the 27 variables obtained, we determined, by the criteria
of correct statistical specification and significance of the variables, that the
general linear specification given by the following equation captured well the
variability of the variable Y_i which measures the lecturers' performance.

¥ = 6.5522 + 0.6934x;; + 0.3925x,4; + 0.3376%;7; + 0.2241x,5;

where the statistically significant variables were:

x: Lecturer's gender

x,: Number of successful experiments during the lecturer's presentation.
x,: Level of interest perceived by the lecturer from the attendees.

X, Lecturer's relatives with university studies in hard sciences (Mathematics,
Physics, Chemistry, even Engineering).

We observed that the effect of all the variables included in the model
is positive on the lecturer's performance.

Before interpreting the estimated coefficients and evaluating the sig-
nificance of the variables in the model, we proceed with the evaluation of
the correct specification of the estimated model. That is, to verify whether
it complies with the assumptions of the general linear model.

Verification of correct specification
The correct specification of the model was determined using statistical

tests to evaluate the normal distribution of the estimated errors, the
hetero and hetero-X tests that evaluate whether the errors have constant
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variance, and, finally, the reset2 test that evaluates whether the linear
relationship does not omit relevant variables.®

At the significance level a=0.05, i.e., with 95% confidence we cannot
reject the null hypothesis that the errors follow a normal distribution. In
other words, there is sufficient statistical evidence not to reject the null
hypothesis that the data follow a normal distribution (p-value=0.7605).

To evaluate whether the estimated model errors are homoscedastic,
i.e., that the variance of the estimated errors is constant, the following tests
were performed: hetero and hetero-X. Once both tests were performed,
we obtained in the hetero test a p-value=0.309 and in the hetero-X test a
p-value=0.435. In both cases, we can conclude that there is sufficient statistical
evidence not to reject the null hypothesis that the estimated errors of the
regression model have constant variance.

Finally, the reset test23 was performed to evaluate whether the linear
model of the nonlinear combinations of the explanatory variables could
explain the response variable. The null hypothesis of the test is that the
model is well-specified. The p-value of the test was p=0.291. With which we
can conclude that there is sufficient statistical evidence not to reject the
null hypothesis, that is, the linear statistical model is correctly specified.

The graphs in the following Figure 2 shows in the first panel, the values
that the variable y (performance) and the estimated values y (estimated
performance), the model residuals graph, and the residual histogram. It
can be seen, as with the statistical tests, that the fit using the linear model
is statistically adequate.

In summary, we observe that our estimated model meets the statistical
and probabilistic assumptions of the general linear model, so it is statis-
tically valid and solid to perform inferential analyses such as that of the
individual and joint significance of the explanatory variables.

6 All estimations and statistical evaluations were performed in Stata software. Conclusions from statis-
tical tests of misspecification are taken under the decision criterion, according to which if the p-value
is greater than the significance level a=.05, the null hypothesis that the probabilistic assumption is
satisfied with the model data is not rejected. The p-value is calculated as P(X>x) where X denotes a
random variable that has a probability distribution equal to that followed by the test statistic under
the null hypothesis and x denotes the observed value of the test statistic obtained. Note that, depending
on the assumption evaluated, the test statistic follows a specific probability distribution.
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Figure 2. Graphic analysis of correct specification

To verify the significance of the regression parameters, we performed the joint
significance test and the individual significance tests in the Stata software.

In the joint significance test, a test statistic was obtained whose
statistic follows Fisher's F distribution, which took the value of F=4.70 and
a p-value=0.009,” these data allow us to conclude with 95% confidence that
there is sufficient statistical evidence to reject the null hypothesis that the
parameters estimated in the model are equal to zero.

On the other hand, the results of the individual significance test of each
variable in the regression show that the t-test statistics are outside the non-
rejection region of the null hypothesis, [-1.73, 1.73], at 95% confidence and
the p-values are less than 0.05. Therefore, there is sufficient statistical evidence
to reject the null hypothesis that the estimated parameters are equal to zero,
that is, the variables x, x , X, and X, are significant for the model.

Therefore, the estimated model indicates that: the measure of perfor-
mance of the lecturer (rating obtained from each lecturer) has a variation of

7 In the case of the global hypothesis test, the test statistic is calculated as follows
_ (Suma de cuadrados de laregresién) /(k — 1)

Suma de cuadrados de los erroes/(n — k)

where n is the number of observations and k is the number of parameters in the regression equation.
In this case, the p-valueis calculated as P(X>x) where X denotes a random variable having a probability
distribution F with degrees of freedom (k-1,n-k) and x denotes the value of the test statistic obtained.
The interval of values of the t distribution with 18 degrees of freedom for which the null hypothesis,
H,:#=0,is not rejected at 95% confidence is defined as all those values between the quantile 0.025 and
the quantile 0.975 of that distribution, i.e., the interval [-1.73, 1.73].
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0.34 when the perception of the lecturers about the interest of the attendees
improves, in addition, a variation of 0.22 in the rating of the workshop's
performance for each lecturer's close relative who has university studies
related to hard sciences. A variation of 0.39 is also observed on the lecturer's
performance measure for each successful experiment performed during the
presentation. Finally, there is a difference in favor of the lecturers, that is,
there is statistical evidence that performance improves by 0.69 when the
workshop is run by a woman.

FINAL THOUGHTS

The research we present is a first statistical exercise to identify the variables
that influence good performance in Science Club outreach activities.
Likewise, the review of the specialized literature on dissemination allows
us to recognize that research constitutes a frame of reference to generate
information on potential factors and factors that, according to our model, have
a statistically significant impact on the performance of dissemination activities.

Likewise, we emphasize that the variables that do not appear in the
statistical model were not statistically significant in our model. This does
not mean that they generally do not influence performance in outreach
activities. Rather, it means that, before ruling out its possible influence on
other evaluation exercises, it is necessary to pay special attention to measuring
and quantifying such influence.

In this sense, variables such as enjoying the presentation of the workshop,
the level of nervousness, the mastery of the topic, or the time spent rehearsing
the experiments; which in principle seemed to us that they should exert
some influence, were not statistically significant in the model. We assume
that this fact constitutes an area of opportunity to capture its influence in
future evaluation exercises.

Additionally, we could refine the method of information collection and
the expansion of our exercise to other outreach groups or consider more
than one outreach activity, which would give us the possibility of imple-
menting other statistical modeling methodologies.

The evaluation of the performance of the activities of the JC/CUC
DATIA Science Club is evidence of an initiative to recognize and enhance
the factors that would improve the performance of the members of the
club in scientific outreach work and to reassess the benefits of outreach as
a substantive activity within universities.
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