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Abstract
Statistics is considered a basic instrument for information analysis. Therefore, it is
teaching in Psychology is of the utmost importance. However, there are difficulties in the
interpretation of statistical concepts by university students. Consequently, the present study
seeks to use the Psychometrics Group Instrument to compare scores obtained by a group
of Psychology students attending a teaching program based on the Merrill’s instructional
design concerning what was found in three previous studies, and to analyse the effects
produced by the teaching program for the improvement of the interpretation of statistical
concepts. The participants were Psychology undergraduate students from a public
university in Lima, Peru. The results indicated that the sample presents a low knowledge
level in some statistical concepts, before the teaching program, similar to the three
comparison investigations. On the other hand, the teaching program generated an
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improvement in the interpretation of statistical concepts presented in it. Based on the
evidence found on Merrill's instructional design, it is recommended to proof each of its
principles in the development of learning sessions on Statistics in social, health and
behavioural sciences careers. All materials, code and data are publicly accessible via the
Open Science Framework (OSF) at https://osf.io/pxbcs/.
Keywords: statistical concepts; Merrill’s instructional design; psychological statistics;
teaching-statistics

Introduction
Statistics has become more relevant in Psychology, being a necessary
instrument for the analysis of information (Osorio, 2012). Likewise, the
knowledge of statistical concepts has been considered essential for an adequate
interpretation and discussion of the results and elaboration of the research findings
(Ato & Vallejo, 2015; Larson-Hall & Plonsky, 2015; Repišti, 2015). Because it
was found that making mistakes in the interpretation of statistical concepts leads
to producing unreliable results and, consequently, to obtaining distorted
conclusions (Bakker & Wicherts, 2011; Caperos, Olmos, & Pardo, 2016;
Matamoros & Ceballos, 2017; Nuijten, Hartgerink, van Assen, Epskamp, &
Wicherts, 2016).
Previous studies indicated that Psychology students make mistakes in the
interpretation of statistical concepts, such as hypothesis testing, p-value, effect size,
correlation, statistical power, among others (Badenes-Ribera & Frías-Navarro,
2017; Badenes-Ribera, Frías-Navarro, & Pascual-Soler, 2015; Castro, Vanhoof,
Van den Noortgate, & Onghena, 2007). Unfortunately, these mistakes have also
been repeated by teachers, professionals and researchers (Badenes-Ribera,
Frías-Navarro, & Bonilla-Campos, 2017a, 2017b; Badenes-Ribera, FriasNavarro, Iotti, Bonilla-Campos, & Longobardi, 2018; Badenes-Ribera, FríasNavarro, Iotti, Bonilla-Campos, & Longobardi, 2016; Badenes-Ribera, FríasNavarro, Monterde-i-Bort, & Pascual-Soler, 2015; Badenes-Ribera, FríasNavarro, Pascual-Soler, & Monterde-i-Bort, 2016).
On the other hand, in studies where the Psychometrics Group Instrument
(Mittag, 1999) was used, the conclusions were similar, also finding problems in
understanding the statistical tests (Gordon, 2001; Mittag & Thompson, 2000;
Monterde-i-Bort, Frías-Navarro, & Pascual-Llobell, 2010). In Peru, although no
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studies were obtained that demonstrate this problem in psychology students, it has
been found that students of related careers showed the same difficulties when
interpreting basic concepts in Statistics (Osorio, 2012; Rivera, 2010).
The difficulties for correctly interpreting statistical concepts have been
attributed to various factors (students, curricula, didactic materials, among others),
one of them is the inadequate teaching (Osorio, 2012; Rivera, 2010). For that
reason, it is necessary to look for the most appropriate teaching strategy that guides
the student to a better understanding of the conceptual contents (Rojas & Ovejero,
2014). A solution to this problem has been found in the implementation of
instructional designs for the teaching of Statistics in Psychology, which provides
principles based on theories of instruction and learning for the consolidation of the
latter (Centeno, Gonzáles-Tablas, López, & Mateos, 2016).
Based on the above, Merrill’s instructional design would allow the student
to understand and interpret basic statistical concepts, due to the demonstration
shown in the learning of other areas (Gardner, 2011; Mendenhall, 2012; Truong,
Elen, & Clarebout, 2019). This design has been the result of a review of several
models, which have five principles that, under appropriate conditions and
independently of the methods and models that a theory has, they show the property
of being used in theories of different approaches (Merrill, 2002, 2007, 2009).
These principles are described in Figure 1 (Merrill, 2013).
5

4
3
2
1

Problem-Centered Principle
Learning
improves when

The student is
involved in solving
real-world
problems,
committing to his
learning.

Activation Principle
Learning
improves when
The student
activates previous
experiences
(previous
knowledge),
organizes and
relates them to the
construction of
new knowledge.

Demonstration Principle
Learning
improves when
The student is
exemplified by the
concepts, the
procedures are
shown and taught
how to do them
through
behavioural
models.

Application Principle
Learning
improves when
The student solves
problems, applying
the knowledge
learned. The
student is guided
during the
resolution,
detecting their
mistakes and
providing
feedback.

Figure 1. Merrill’s instructional design principles
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Integration Principle

Learning
improves when

The student uses
the new knowledge
in his daily life to
subsequently be
able to personalize
it, creating new
ways to use it.
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Otherwise, the quantitative methodology has played an important role
in Psychology, currently supporting it to base its work through empirical
evidence. The characteristic of this methodology is the underlying positivist
epistemological paradigm, the measurement of human traits or social
phenomena and the statistical analysis of quantitative data (Wang, Watts,
Anderson, & Little, 2013). Consequently, the Psychology curricula of various
universities have included subjects related to applied statistics, psychometrics
or quantitative research methods. The basic statistical concepts for the teaching
of Statistics in Psychology are detailed in Table 1.
Table 1. Definitions of basic statistical concepts
Author

Definition

Null
hypothesis
significance
testing
(NHST)

Concept

Cumming (2014), and
Grissom and Kim (2005)

Procedure in which a p-value is calculated under the
assumption that the null hypothesis is true. This value will
be used to decide whether or not to reject the null
hypothesis at a certain significance level, commonly .05. A
statistically significant result (p <.05) and one that is not
can differ slightly, other indicators need to be examined.

p-value

Altman & Krzywinski
(2017), and Wasserstein
and Lazar (2016)

Probability of observing statistical values of the test applied
(for example, Student's t, ANOVA, etc.) as or more
extreme than those observed, from the assumption that the
null hypothesis is true.

Effect size

Castillo-Blanco and
Alegre-Bravo (2015), and
Cohen (1988)

Measurement of the degree to which a phenomenon
studied (the relationship between variables, group
differences, etc.) is presented in a population or sample of
interest.

Confidence
intervals

Morey, Hoekstra, Rouder,
Lee, and Wagenmakers
(2016)

They imply that, at a 95% level, if an infinite (or very large)
number of samples were taken and confidence intervals
were calculated, 95% of the intervals would contain the
population parameter.

Statistical
power

Bono and Arnau (1995)

It is the probability that a statistical test to reject a false null
hypothesis or the probability of not committing the type II
error.

General Linear
Model (GLM)

American Psychological
Association (2014)

A broad set of statistical techniques that describe the
relationship between a dependent variable and one or more
independent variables, for example, regression, variance or
correlation analysis.
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Table 1. Definitions of basic statistical concepts - continued
Concept

Author

Definition

Reliability

American Educational
Research Association,
American Psychological
Association, and National
Council on Measurement
in Education (2014)

The degree to which test scores for a particular sample are
consistent through repeated applications. The degree to
which scores are free of random measurement errors for a
particular sample.

Type I error

Kirk (2008)

It implies concluding that a study supports the research
hypothesis when in reality it is false. In terms of the null
hypothesis, it involves rejecting this when it is true.

Type II error

Aron, Coups, and Aron
(2013)

It occurs when the research hypothesis is true but the pvalue is not so extreme as to reject the null hypothesis. In
other words, it implies not rejecting this when it is false.

Stepwise
analysis

Huberty (1989)

Develop a sequence of linear models and at each step,
under certain criteria, add or delete an independent variable.
These criteria will depend on the type of analysis
(regression or discriminant), the purpose of analysis
(prediction, construction of a model, etc.) and the judgment
of the investigator.

Objectives
The purpose of this study is to use the Psychometrics Group Instrument
(Mittag, 1999) to compare scores obtained by a group of Psychology students
attending a teaching program based on the Merrill’s instructional design
concerning what was found in the studies of Mittag and Thompson (2000),
Gordon (2001) and Monterde-i-Bort et al. (2010). Likewise, to analyse the
effects produced by the teaching program for the improvement of the
interpretation of statistical concepts.
Method
Participants
Sampling was non-probabilistic of an intentional type (Kerlinger & Lee,
2000). The participants were Psychology undergraduate students from a public
university in Lima, Peru, attending the teaching program. The sample for the first
objective was the students who completed only the pretest assessment, while, for
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the second objective, the sample was composed of the students who answered the
pretest and posttest.
For the first objective, the sample was 16 students, ages between 18 and
28 years (M=22.50, SD=3.12), 10 were women and were in the first to the sixth
year of study. For the second objective, the sample consisted of nine students aged
between 18 and 24 years (M=20.90, SD=2.26). Regarding sex, six were women
and, considering the year of studies, two students were in the first year, two in
second, four in third, and one in fourth.
Instruments
Inferential Statistics teaching program with R. The teaching program
consisted of seven sessions, applied in seven weeks, at intervals of once a week
and lasting three hours per session. The general objective of the program was to
know the management of open-source R software in the application of inferential
statistics in Psychology, while the specific objectives sought to allow participants
to (1) learn about the concepts of inferential statistics most used in the data
analysis in Psychology; (2) use R for the inferential statistics in the data analysis
in Psychology; and (3) recognize the use of inferential statistics in
correspondence to the type of variables with which one is working.
Psychometrics Group Instrument (Mittag, 1999). Provides scores that
represent perceptions about statistical hypothesis tests and other statistical issues
(Appendix A). It is made up of 29 items distributed in nine topics (perceptions):
(1) general; (2) about the GLM; (3) on the stepwise analysis; (4) on the score
reliability; (5) on type I and II errors; (6) on the sample size influences; (7) of the
p-value as an effect size measure; (8) of the p-value as direct measures of the
importance of the result; and (9) of the p-value as replicability evidence.
The items were answered through a five-point scale (1=disagree,
2=disagree somewhat, 3=neutral, 4=agree somewhat, and 5= agree). After the
application, 14 items, whose statements are false, were recoded to invert their
response scales, with the aim that the score obtained expresses the degree of
correctness (instead of grade according to the statement expressed in the reagent),
that is, the degree of knowledge about the subject studied.
Design
According to Ato, López, and Benavente (2013), the study was empirical
research. Respecting the first objective, the strategy was an associative,
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comparative type, with a cross-cultural design (XCUD). About the second
objective, the strategy was manipulative, quasi-experimental type, following a
pretest-posttest design (PPD), which has a single group and measures before
(pretest) and after (posttest) the teaching program, using only within-subject
comparisons.
Procedure
The data collection began with the request to the participants to apply the
selected instrument, giving them informed consent, the content of which
specified the research objective. Subsequently, the instrument was applied in an
environment that had the necessary conditions to guarantee a standardized
evaluation. The application was made in two moments: the first, before the start
of the first session, and the second, after the seventh session. Finally, the handling
of missing data was done through the pairwise method. It should be noted that,
throughout the development of the study, international ethical standards were
respected (American Psychological Association, 2016).
Data analysis
For the analysis of the first objective, the means of the 29 items from the
pretest were calculated and the means belonging to the studies of Mittag and
Thompson (2000), Gordon (2001) and Monterde-i-Bort et al. (2010) were used.
Before the analysis of the second objective, 12 items were chosen whose contents
were worked on the teaching program. Descriptive measures were the mean (M)
and standard deviation (SD). For the comparison pretest-posttest, it was worked
with non-parametric statistics, recommended for small sample size, this being
the Wilcoxon signed-rank test (W). Respecting the effect size, the matched-pairs
rank-biserial correlation was used, rC (Kerby, 2014), considering small, medium
and large effects corresponding to .10, .30, and .50, respectively (Cohen, 1988).
The analyses were performed in the R software, version 4.0.4 (R Core
Team, 2021), using the packages: base, tidyverse version 1.3.0 (Wickham et al.,
2019), here version 1.0.1 (Müller, 2020), psych version 2.0.12 (Revelle, 2020)
and extrafont version 0.17 (Chang, 2014).
Results
The results of the first objective are presented in Figure 2. About general
perceptions, in item 5, the present study and Monterde-i-Bort et al. (2010),
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demonstrated a greater understanding of the relationship between statistical
significance and rejection of the null hypothesis. In the remaining items,
controversies regarding the use of NHST, the use of the term "statistical
significance", the low statistical power of the majority of the study, and the pvalue ban, the present research was overcome by the researches of Gordon
(2001), and Mittag and Thompson (2000).
Concerning the perceptions of GLM, in item 12, the current study showed
a better understanding of the correlational nature of all statistical analyses. On the
other hand, item 26 showed a greater clarity on the uses of the regression in the
study of Mittag and Thompson (2000).
In respect of the perceptions of the stepwise method, in items 13 and 20 it
was observed that the study of Gordon (2001) had a better understanding of the
problematic use of the mentioned method. In item 20, the Peruvian sample
obtained the lowest average.
On the perceptions about the score reliability, items 7 and 19, provide the
current definition of reliability and the utility of checking the significance of a
reliability or validity coefficient, respectively, being better understood in both
cases by the study of Monterde-i-Bort et al. (2010). In items 23 and 28, focused on
the importance of having reliable scores, the present investigation obtained the
highest averages.
About the perceptions of type I and II errors, in item 9, the current study
was superior to the others in the definition of the type II error. In item 17 dealing
with the definition of type I error, the study by Monterde-i-Bort et al. (2010) had a
better performance. In items 22 and 29 dealing with the possibility of committing
both errors, as well as the frequency of type II error in the scientific literature, the
participants of the current research showed low knowledge.
In the perceptions about the sample size influences, in item 16, the present
investigation showed a low knowledge of the relationship between sample size and
the rejection of the null hypothesis. In item 10, on the importance of statistically
significant results when the sample size is small, the study by Monterde-i-Bort et
al. (2010) obtained the highest average. Otherwise, in item 25, the Peruvian sample
showed a better understanding of the relationship between large sample size and
obtaining statistically significant results.
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Mittag & Tompson (2000)

Gordon (2001)

Monterde-i-Bort et al. (2010)

Present study

I. General perceptions
01. NHST controversy
02. Significance
03. Statistical power
04. p-value ban
05. Statistical significance
II. General Linear Model (GLM)
12. Correlation
26. Regression (*)
III. Stepwise analysis
13. Correct use (*)
20. Order of variables (*)
IV. Score reliability
07. Test reliability
19. NHST and reliability
23. Low reliability
28. Importance (*)
V. Type I and II errors
09. Type II error
17. Type I error (*)
22. Type I and II errors (*)
29. Frequency (*)
VI. Sample size influences
10. Small sample size
16. Reject Ho
25. Large sample size
VII. p-value (effect size)
11. Effect size (*)
14. No reject Ho (*)
24. Sample size dependent
VIII. p-value (importance)
06. p-value < .05 (*)
18. No significance (*)
27. Improbable results (*)
IX. p-value (replicability)
08. Small p-value (*)
15. Sample data
21. Population data (*)

1

2

3

4

5

Degree of the participants’ knowledge about the topic studied (Mean)

Figure 2. Comparison between the studies of Mittag and Thompson (2000),
Gordon (2001), Monterde-i-Bort et al. (2010), and the present study. (*) Items
considered false where the response scale was reversed
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Finally, respecting the perception of the p-value as replicability evidence,
in item 8, the sample of Monterde-i-Bort et al. (2010) was more clear that the size
of the p-value does not influence the replication of results in future studies. In item
15, the present investigation obtained the highest average, considering that, the pvalues obtained in a study imply the probability that the results will occur in the
sample but not in the population. However, this affirmation probably generated
confusion when believing that the test of significance predicts the probability of
replicating the results of a sample to the population, so the Peruvian sample
obtained the lowest average in item 21.
About the second objective, the results are presented in Table 2. The effect
size was small (rC>.10) in most cases. Nevertheless, in item 22 the effect size was
large (rC>.50), where the posttest average was higher than the pretest. Only in items
5, 9, and 18, the means difference between the pretest-posttest was favourable to
the first group, in the remaining items the highest averages belonged to the posttest.
On the other hand, none of the items found a statistically significant difference (pvalue <.05).
Table 2. Statistical analysis of differences in pretest-posttest
Item
01. NHST controversy.
02. Significance.
04. p-value ban.
05. Statistical significance.
06. p-value < .05.
08. Small p-value.
09. Type II error.
11. Effect size.
14. No reject Ho.
17. Type I error.
18. No significance.
22. Type I and II errors.

n
9
9
9
7
9
7
7
8
9
7
8
8

Pretest
M
SD
4.22 0.83
4.11 1.36
1.78 0.67
3.43 1.27
2.67 1.32
3.00 0.82
3.00 1.00
2.62 0.92
3.33 1.22
2.57 0.79
2.25 0.71
2.88 0.99

Posttest
M
SD
4.56 0.73
4.89 0.33
2.44 1.13
2.86 1.46
3.11 1.69
3.43 1.27
2.71 1.60
3.12 1.55
3.67 1.32
3.29 1.70
1.88 0.99
4.00 1.60

W
6.00
10.00
17.00
7.00
22.00
10.50
5.00
14.00
13.50
14.50
3.00
25.50

p
.149
.089
.202
.526
.621
.490
.572
.518
.595
.457
.233
.058

rC
.133
.222
.289
.250
.178
.214
.179
.194
.133
.286
.250
.639

Note: In italics are the items considered false (the response scale was reversed).

Finally, Figure 3 shows the average scores (pretest-posttest) of the 12 items
that were related to the topics developed in the teaching program. In nine items the
means in the posttest exceeded those of the pretest.
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pretest
5

posttest

4.89
4.56
4.22

Average score

4

4.11

4.00
3.67
3.43

3.43
3.11

3

2.86

3.00

3.33
3.00
2.71

2.67

3.29

3.12
2.88
2.62

2.57

2.44

2.25

2

1.88

1.78

1
1

2

4

5

6

8

9

11

14

17

18

22

Items of the Psychometrics Group Instrument

Figure 3. Average scores in the pretest-posttest

Discussion
The objectives of this study were to use the Psychometrics Group
Instrument to compare scores obtained by a group of Psychology students
attending a teaching program based on the Merrill’s instructional design
concerning what was found in the studies of Mittag and Thompson (2000), Gordon
(2001) and Monterde-i-Bort et al. (2010), and to analyse the effects produced by
the teaching program for the improvement of the interpretation of statistical
concepts. The Peruvian sample presented better results in at least one item in eight
topics of the instrument (general perceptions, GLM, score reliability, type I and II
errors, sample size influences, p-value as an effect size measure, as direct measures
of the importance of the result and as replicability evidence). However, low scores
were observed in the items belonging to the perception of stepwise analysis.
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In respect of the comparison of averages, the sample of Mittag and
Thompson (2000) was made up of members of the American Educational
Research Association (AERA), the research of Gordon (2001) by members of the
American Vocational Education Research Association (AVERA), and the study
of Monterde-i-Bort et al. (2010) by psychologists, teachers and researchers, from
Spanish universities. On the other hand, the Peruvian sample was made up of
Psychology undergraduate students, however, the latter obtained a higher score in
at least one item in eight topics.
The first topic covered general perceptions, focused mainly on the NHST,
where this study with the research of Monterde-i-Bort et al. (2010) obtained the
highest average in the item describing its operation. Being an item that demands
basic theoretical knowledge, the superiority of the current research score could be
influenced by previous learning of students in the university or other spaces.
Likewise, low averages of the professionals are likely based on the predominance
or majority (incorrect) use of the NHST.
Concerning perceptions of the GLM, opposite behaviour is observed
between the two items that make up the GLM. While the Peruvian sample has the
highest score to correlation, it also has one of the lowest scores to regression. In
this sense, the contents of courses on applied statistics in psychological research
tend to focus their hypotheses and analyses on a correlational framework, and
rarely explain or develop the logic of regression analysis. In Psychology, more than
80% of thesis can be correlational (Mamani, 2018).
In the topic that deals with score reliability, the Peruvian sample achieved
a score above the rest of the studies in two indicators. This can be explained by the
increase and dissemination of documents focused on reliability. Given this, the
term “reliability” was searched in the Web of Science (WOS) database between
1900 and 2018, where 15,552 results were obtained in the Psychology area.
Respecting the number of publications per year, in the year 2000, 543 publications
were found; in 2001, there were 606; in 2006, 800; and in 2018, 1801 were found,
which implies a greater amount of bibliography available to the reader.
On the topic of type I and II errors, the highest score in the Peruvian sample
corresponds to an item that refers exclusively to the possibility of making the type
II error. Although this score differs between 0.81 and 0.98 points from previous
research, it is close to a neutral position in terms of the degree of agreement with
the statement. In recent years there has been greater dissemination of the concepts
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associated with NHST, compared to 10 or 20 years ago (Trafimow & Marks,
2015).
About the topic on the sample size influences, the present research
obtained the highest average in the item referred to the possibility of predicting the
sample size from the results of a statistical hypothesis test. Answering this question
implies not only knowing theoretical aspects about sample size but also about the
NHST, being one of the concepts in which the Peruvian sample denotes greater
dominance. Concerning the average obtained by the other investigations, it is
observed that, in all three items, the averages tend to be neutral, indicating a lack
of knowledge or a tendency not to question the results provided by the NHST.
In the topic that addresses the perception of the p-value as an effect size
measure, the Peruvian sample understands that p-values of different investigations
cannot be directly compared because they depend on the sample sizes used. This
item could be adequately answered based on theoretical knowledge about both the
NHST and the influence of the sample size. When searching for the word “pvalue” in WOS, it produced 24 results for the Psychology area. Regarding the years
of publication, one publication was found in 2000, two were found in 2001, no
publications were registered in 2006, and six results were found in 2018. It is
important to highlight that in 2017, 10 publications were found.
Regarding the p-value as direct measures of the importance of the result, a
higher score was observed in the Peruvian sample than in previous research on the
importance of non-statistically significant studies. This may imply that over the
years, the severity or requirement of a necessarily positive p-value in NHST has
decreased. Despite this, the score of 2.27 points reached to the Peruvian students
implies an average degree of disagreement with the indicated statement, being
taken as controversial by the participants.
Concerning the perception of the p-value as replicability evidence, the
present study understood better that, the values measure only the probability that
the results will occur in a sample but not in the population. However, it is
observed that the four studies tend to obtain neutral scores, indicating a lack of
p-value about replicability, despite the existence of various documents, and in
different years, that criticize these beliefs (Amrhein, Trafimow, & Greenland,
2019; Cohen, 1990, 1994; Pascual-Llobell, García, & Frías-Navarro, 2000;
Verdam, Oort, & Sprangers, 2014).
On the other hand, respect of the results of the pretest and posttest, no
statistically significant difference was found in any of the items, given this, the
84

A. A. Tafur-Mendoza, B. N. Peña-Calero, C. D. Aliaga Guanilo, C. A. Moreau
Almaraz, F. C. Ramírez-Bontá, J. E. Garcia-Serna, and O. E. Meza-Chahuara / JPER,
2021, 29(1), May, 72-96
__________________________________________________________________

relationship between the sample size and p-value should be considered, since in
small samples the latter will be affected (Spence & Stanley, 2018). Besides, type
II error increases, resulting in a decrease in statistical power which implies a lower
probability of revealing differences or effects (Cumming et al., 2007).
Therefore, it is necessary to resort to other indicators before concluding
that an effect or difference does not occur, justifying only a p-value (Altman &
Krzywinski, 2017; Amrhein, Greenland, & McShane, 2019; Wasserstein & Lazar,
2016). Among the indicators that provide additional information for adequate
statistical interpretation are the effect size and exploratory graphs (Finch et al.,
2004; Kirk, 2001; Trafimow & Marks, 2015). In this way, the effect size report
warns of the presence of changes in the indicators in favour of the development of
the teaching program, with small effects on eight indicators and a large effect on
item 22, referring to the conceptions of type I and II errors.
The positive changes found in the posttest (75%) assume that the
development of the teaching program under the Merrill’s instructional design
generated favourable changes in the learning of the participants, translated into an
increase in the information and interpretation of the basic statistical terms
represented in the topics specified above. However, three indicators show a
negative change, higher pretest score. These three indicators are framed within an
interpretive response, that is, for the person to adequately answer the question
posed, it is necessary to use the information learned and interpret it in a specific
situation.
The disagreement presented can be understood under the premise that a
successful response of the indicators represents a greater complexity in the learning
process. This process may be affected if the student does not have sufficient
knowledge of the subject to which they were exposed, and therefore cannot
satisfactorily assimilate it (Acharya, 2017). Similarly, understanding the
usefulness and potential of learning in the teaching of statistical aspects seems to
improve student performance, and therefore their learning (Acee & Weinstein,
2010).
A global assessment of the indicators reported allows affirming that the
majority changes support the effectiveness, although partial, of the teaching
program. According to Merrill, Li, and Jones (1991), people achieve a better
knowledge and registration of information from the use and integration of mental
representations of thematic content, in structures that interrelate with other
structures. These new representations are interrelation of previous and new
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information, leaving aside isolated representations. Therefore, the integration
principle happens progressively and at a different rate in each student.
Based on the evidence found on the Merrill’s instructional design, it is
recommended to proof each of its principles in the development of learning
sessions on Statistics in social, health and behavioural sciences careers. Likewise,
understanding and criticism of statistical methods should be promoted, avoiding
teaching only formulas or calculations.
Therefore, publications related to the use of Statistics in Psychology must
include in their content the present situation and the debate about different
statistical procedures and concepts. Currently, there are good examples that
incorporate the recommendations indicated (Cassidy, Dimova, Giguère, Spence,
& Stanley, 2019; Funder & Ozer, 2019; Greenland et al., 2016; Makin & de Xivry,
2019; Sarafoglou, Hoogeveen, Matzke, & Wagenmakers, 2019; Trafimow, 2019;
Wilkinson, 1999).
Among the limitations of the study, it is observed that the sample size used
affects the representativeness of the results and the research design does not allow
definitive conclusions regarding the effectiveness of the instructional design. It is
recommended to use a larger sample size in future replications, appropriate to have
sufficient statistical power and achieve a correct generalization of the results
(Perugini, Gallucci, & Costantini, 2018).
Additionally, it is suggested to use an experimental research design, where
the participants are randomly selected. Thus, attributing direct and causal changes
to the development of the teaching program. On the other hand, it is appropriate to
replicate the research in other universities, not only in Lima but also in other cities
of Peru, as well as the review of the degree to which Psychology students present
erroneous interpretations of various statistical concepts or methods.
This research shows the problem of low level of understanding in statistical
concepts considered basic in several sciences including Psychology. The
theoretical contribution of this study lies in the presentation and discussion basic
statistical concepts in the teaching of Statistics in Psychology, useful to be
reviewed by students, researchers and teachers. Regarding practical implications,
the effectiveness of Merrill’s instructional design was presented as a didactic
strategy to solve the problem studied. Likewise, it is important to indicate that this
study needs to be replicated, for which purpose the materials of the teaching
program were consigned and thus facilitate future research to address these issues
and that professionals can contribute to the teaching of statistical concepts.
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Conclusions
The present study constitutes the first approach to this type of topic in the
Peruvian context and should be interpreted with the pertinent considerations of the
methodological characteristics presented. The findings indicated that, in the study
sample, at least one item in eight of the nine existing topics presented a higher
score than those reported in studies conducted in the United States and Spain.
However, the rest of the indicators (18 of 27) presented a lower score compared to
the studies. Regarding the post-application measurements of the teaching program,
it was observed that, despite not showing statistically significant differences, 75%
of the items (nine of 12) showed differences in favour of the posttest (higher
scores). Specifically, eight of the items presented a small magnitude difference,
while item 22 (about type I and II errors) showed a large magnitude difference.
The results allow concluding that the sample of students showed a low
level of knowledge in some statistical concepts related to general perceptions,
GLM, stepwise analysis, score reliability, type I and II errors, the sample size
influences, p-value as an effect size measure, direct measures of the importance of
the results, and replicability evidence. The persistence of these deficiencies over
time and in different spaces has as a possible cause the teaching of statistics at the
undergraduate level. Therefore, the use of instructional designs with empirical
evidence is necessary to improve the understanding of statistical concepts in
psychology education. In this sense, the use of the teaching program based on
Merrill's instructional design achieved a significant improvement in nine of the 12
indicators considered for evaluation. Finally, it is important to mention that this
study is pending replication.
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Appendix A
Psychometrics Group Instrument (Mittag, 1999).
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Controversies regarding the use of significance tests have existed for many years in
the past, and will doubtless continue for many years in the future.
It would be better if everyone used the phrase, "statistically significant," rather than
"significant", to describe the results when the null hypothesis is rejected.
Most studies are conducted with insufficient statistical power against Type II error.
Science would progress more rapidly if tests of significance were banned from
journal articles.
All that significance means is that the researcher rejected the null hypothesis.
Finding that p < .05 is one indication that the results are important.
On its face, the statement, "the reliability of the test," asserts an untruth, since
reliability is not a characteristic of a given test.
Smaller and smaller values for the calculated p indicate that the results are more
and more likely to be replicated in future research.
A Type II error is impossible if the results are statistically significant.
Statistically significant results are more noteworthy when sample sizes are small.
Smaller p values provide direct evidence that study effects were larger.
All statistical analyses (e.g., t-tests, ANOVA, r, R) are correlational.
In regression and other analyses, stepwise analyses can reasonably be used to
identify the best subset of predictors of a given subset size.
If a dozen different researchers investigated the same phenomenon using the same
null hypothesis, and none of the studies yielded statistically significant results, this
means that the effects being investigated were not noteworthy or important.
The p values that are calculated in a given study test the probability of the results
occurring in the sample, and not the probability of results occurring in the
population.
Every null hypothesis will eventually be rejected at some sample size.
Type I errors may be a concern when the null hypothesis is not rejected.
Studies with non-significant results can still be very important.
Testing the significance of a reliability or a validity coefficient with a null
hypothesis that r2=0 is not useful or productive.
When researchers do stepwise analyses, the order of the entry of the variables (1st,
2nd, etc.) provides one useful indication of the importance of the variables.
Significance tests evaluate the probability that the results for the sample are the
same in the population.
It is possible to make both a Type I and a Type II error in a given study.
Poor reliability of data in a given study will tend to lower or attenuate the effect
sizes that are detected.
The values reported in different studies cannot be readily compared, because these
values are confounded with the different sample sizes across studies.
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Significance tests are partly a test of whether the researcher had a large sample.
It is not possible to use regression to statistically test the null that means of
different groups are equal.
Unlikely results are generally more important or noteworthy.
Reliability does not directly affect the likelihood of obtaining significance in a given
study.
Type II errors are probably fairly common within published research.

Note: In italics are the items considered false.
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